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Background: Early childhood intervention (ECI) is a holistic approach for infants with or at risk for psychomotor and/or cognitive and/or behavioral impairment. It aims to optimally support them and positively influence their neurodevelopmental outcome. The right dosage of intervention and when the intervention should start are still to be determined. Hypothesis: Parents are more satisfied when the duration of ECI is longer (120 min once a week) than the usual 90-min session.

Methods: We developed a parental questionnaire (both mother and father) that evaluated the level of satisfaction of parents with the intervention. We compared 120 with 90 min of ECI per week during the school year 2017/18. Included were parents of very low birth weight infants (<1,500 g) following informed consent. ECI was initiated at the NICU at an infant age of ≥ 2 weeks. Parents were randomized (https://www.randomizer.at/) to a 120- or 90-min duration and had to answer the questionnaire to the approximate time-point of 1, 3, and 6 months. Answers were classified as strongly agree, agree, neither agree nor disagree, disagree, and strongly disagree except for the last question, which directly rated the ECI professional.

Results: Eleven fathers (55%) and 19 mothers (95%) of the 10 parents of each group participated in the study. Demographic data did not differ between groups, and the median time-points of questionnaire answers were 77, 137, and 220 days, respectively. Overall, 120-min ECI sessions were not superior to 90-min sessions for both parents regarding parental satisfaction during the study time. We found no differences between fathers and mothers and minimal changes over time. All parents were satisfied with the ECI professionals, irrespective of ECI duration.

Conclusion: An ECI duration of 120 min once per week was not superior to a 9- min duration regarding parental satisfaction with ECI professionals and their work.

Keywords: interdisciplinary early intervention, family support, preterm infant, neonatal intensive care unit, duration, questionnaire, Likert scales, very low birth weight


INTRODUCTION

Very low birth weight (VLBW) infants remain a challenge for neonatologists and neonatal nurses, and very preterm birth is a well-recognized risk factor for motor, cognitive, and behavioral impairment in the developing child (1, 2). Early intervention utilizes the relatively high plasticity of the developing brain in early childhood, which is observed from about 2 months before term to about 6 months after term age (3). Parents are faced with numerous concerns, fears, and uncertainties regarding their preterm babies. Mothers of very preterm infants experience a high level of stress for many reasons, particularly regarding their child's medical condition and well-being, and the influence of development, temperament, and maternal depression on parenting stress levels is well-known (4). Parents worry about future psychomotor and somatic development and thus ask for early support and intervention (5–8). Interestingly, nurture-based interventions in the NICU have been demonstrated to positively influence the early mother–infant relationship in ways that have long-lasting effects on the developmental trajectory of the brain and behavior (9).

The limitations of studies and particularly randomized controlled trials on the topic of early childhood intervention (ECI) include the ethical dilemma regarding the control group (1). If the controls receive the same or a comparable intervention, the differences will be small and may not be measurable, but otherwise, the controls would seem to be severely neglected. Also, is the developmental quotient the right end-point of studies—what about other disturbances? Further open questions are, for example, when the intervention ideally should start (the earlier, the better?), as effects flatten over the years, and how much intervention (right dosage) would be optimal for the child and the family (1, 10).

ECI is generally developed to improve child outcomes by changing the behavior of early childhood educators or parents (11). The dosage has to be considered firstly at the ECI level, meaning how much time the child will be learning for or how much time the ECI professionals need for activity implementation, and secondly at the parents' and child's level, meaning the amount of intervention that is provided to children or to the adults who care for them. Additionally, there may be differences between the “dosage intended” (the 90-min unit for a home visit) and the dosage offered (that which the ECI professional provides to parents or the child). Ultimately, there will be a certain amount of “dosage received,” which might vary for any reason, e.g., only 9 instead of 12 visits in case of hospitalization of the child for 2 weeks (11).

There is no clear definition of what is meant by “early” and no evidence favoring, for instance, initiation of intervention programs at 3 months of age as compared with 12 months (10). Early intervention might be defined as multidisciplinary offers for children up to the age of 5 years that promote health and well-being, affirm necessary competences, minimize developmental delays, prevent or positively influence impairments, and functional deteriorations, and finally support parenthood and family functioning in general (12). The rationale for the study was to initiate a discussion on the fact that ECI duration had been constituted to be 90 min once per week, and some ECI professionals felt that this might be insufficient.

Our hypothesis was that parents of VLBW infants would be more satisfied when the duration of ECI is longer (120 min) than the usual 90 min once per week.



MATERIALS AND METHODS

In a prospective randomized pilot study, we investigated, by use of a self-developed questionnaire, whether parents of VLBW infants are more satisfied with ECI units of 120 min compared to 90 min once per week of standardized ECI as described elsewhere (13, 14).

Parents of a preterm infant with a birth weight below 1,500 g were consecutively asked to participate in the study during the winter of 2017/18 until May 2018. Eligibility criteria applied to a total of 83 out of 105 parents of preterm infants below 1,500 g hospitalized at our NICU during 2017 and 2018. Mismatches were language barriers in 21 parents and having no husband for one mother. Following informed consent, parents were randomized (https://www.randomizer.at/) by the statistician (A.A.) to the two different ECI durations (units of either 120 or 90 min), which started at the neonatal intensive care unit (NICU 2) of the Division of Neonatology of the Medical University of Graz (see flow chart in Figure 1). The study was approved by the local ethics committee (EK 29–147 ex 16/17) and started in winter 2017/18.


[image: Figure 1]
FIGURE 1. Study design of the prospective observational testing of two different regimens of either 90- or 120-min early intervention in the families of very low birth weight infants.


The questionnaire was developed by the ECI professionals, was validated by volunteers, and was thereafter rephrased or partly deleted by a psychologist experienced in setting up questionnaires. Questions had to be answered by the father and mother at 1, 3, and 6 months of age of the infant (time points 1, 2, and 3). The answers were built according to Likert scales, and the standard answers (strongly disagree; disagree; neither agree nor disagree; agree; strongly agree) were slightly modified through translation to German, but the meaning was essentially the same (15). These answers are typical for a pilot trial using a lot of items, as was done in our study (14). The questionnaire included 29 questions that could be answered by use of 1 of the 5 categories, but the last question, number 30, could be answered using “very good, good, neither good nor poor, poor, very poor.” In a supplementary file (Supplementary Data Sheet 1), we include the original German questionnaire and the data analysis by the statistician (A.A.). Other questions included the age of the parent and the birth weight and gender of the infant. The questionnaire is presented in Table 1. In total, only 11 fathers but 19 mothers answered the questionnaire at all three time points. For many years, our parents have been seen by clinical psychologists. Of these, one psychologist only works at the NICU. Additionally, Christian chaplains are available at 24 hours a day.


Table 1. Questions of the self-developed questionnaire used for study purposes.
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DESCRIPTIVE ANALYSIS AND STATISTICS

All data were collected by the statistician. Answers were given in color tables (descriptive interpretation) and column diagrams (Supplementary Data Sheet 1, page 3). The figures in Supplementary Data Sheet 1, part 1.1 show results for all 11 fathers and 19 mothers. Row 1 depicts the three time points (roughly at 1, 3, and 6 months of age of the baby), while left-sided columns belong to the fathers and right-sided columns to the mothers. Six fathers and 10 mothers were randomized to 120-min units. The remaining five fathers and nine mothers were in the 90-min unit group. The same questionnaire was used at the three time points, at 1, 3, and 6 months. The figures in part 1.2.1 (Supplementary Data Sheet 1, page 11) show 3 condensed columns representing the combined answers “strongly agree” and “agree,” the single answer “neither agree nor disagree,” and the combined answers “disagree” and “strongly disagree” for both fathers and mothers at time point 3 (~6 months). For numerical data, a t-test and, for categorical data, Fisher's Exact test were used regarding perinatal parameters. The significance level was set at < 0.05.



RESULTS

According to the perinatal data shown in Table 2, there were no differences between groups. The results of the questionnaire are given in a descriptive summary. Eleven fathers (55%) and 19 mothers (95%) participated in the questionnaire rounds during the study period.


Table 2. Perinatal parameters of the study population.
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Questions 1–4: Talking with the ECI professionals was well-recognized, but parents did not feel that having more time for discussion during the 120-min units would be useful. In contrast, the longer units were more often thought to be not too rare.

Questions 5–8: The motivation of the ECI professionals was always affirmed by the parents, as was the ECI professional's fulfillment of certain parental wishes. This fact did not change during the study. The first 120-min unit seemed to be exhausting for both father and mother. This was not the fact at the next time points. The longer units did not result in higher rates of parents feeling safe during routine care of the infant.

Questions 9–12: Anxiety and reinforcement were the same for both units. The questions on “more time for personal duties” or “meeting friends” could not be clearly answered, and there was no trend during the study period. Thus, these questions remained more or less a problem for the parents, independent of the duration of the ECI unit.

Questions 13–16: Support regarding doctors' visits/administrative procedures was more positively described by the 90-min unit group. The majority of parents did not have discussions of partnership problems with the ECI professional. A minority of mothers did discuss partnership problems with the ECI professional. Parents felt comfortable with their babies regardless of the duration of the units and appreciated the professionals' handling of their infants and children.

Questions 17–20: Co-working with other family members was a difficult task that did not improve during the longer units. Information provided by the ECI professional was well-accepted by all parents during the study. The ECI professionals were always classified as being friendly, and their help regarding parental education and training was well-recognized, with improvements during the study.

Questions 21, 22, and 24: ECI professionals were very well-organized and always arrived on time. They worked well with physiotherapists. In the view of the parents, this co-working was more effective in the shorter ECI units. Testing and judging of the infants' development by the ECI professionals were finally recognized at the end of the study.

Questions 23, 27–29: Parents slept well (and better when their child had shorter ECI units), and “enough time for each other” was answered positively. Discussing problems with the ECI professional was done by several mothers at the end of the study period (no father did so).

Questions 24, 25, and 30: If the extreme situation of having had a preterm infant in an NICU were to occur again, the parents indicated that they would to try to get support from ECI professionals. All parents would again recommend ECI professionals to parents living in a comparable situation. Finally, the ECI professionals were all judged as having been very good.

The most divergent answers concerned the following problems: the parent felt that she/he did not have enough time for herself/himself; difficulties in having time to visit friends regularly; support for doctors' visits; having someone to talk to about problems.



DISCUSSION

The main finding of our pilot trial was that the usual sessions of 90 min ECI once per week were not inferior to 120 min once per week for both mother and father over a 6-month observation period. This was surprising for the study team and disproved our hypothesis. Hence, the important thing when a session duration is given as minutes per ECI visit is the threshold, that is, the specific dosage level at which an intervention affects outcome. Hence “dosage is not a one-size-fits-all concept” (11). This raises some questions, including the following. Does the amount of the intervention directly affect the size of expected outcomes? Does dosage matter for a full session or for specific strategies used within that session? (11) And besides organizing activities, questions should be addressed regarding, “Are there enough staff available and how should absences of the parents/children be dealt with?” (11). ECI is a comprehensive service provided for children with developmental problems or for those at a high risk of having developmental problems and thus implies the active participation of families in the intervention process (16). The family is less part of the intervention objective than rather a resource, in so far that the family is the expert on its children making all necessary decisions according to the children's needs and being attended to by the ECI professionals (17, 18). ECI consists of multidisciplinary services to promote child health and well-being, enhance emerging competencies, minimize developmental delays, remediate existing or emerging disabilities, prevent functional deterioration, and promote adaptive parenting and overall family functioning (19, 20).

There was no doubt, considering the answers to questions 24, 25, and 30, that the ECI professionals did a good job and that parents were extremely satisfied. The recommendations of the ECI professional are known to be sometimes complex, confusing, or even contradictory for parents. Thus, organization of the visits of the professionals plays a key role and is often an overwhelming task, even for very conscientious parents (17). Looking at the answers to question 21, this was no problem during the study time. In the literature, service coordination is still found to be a major challenge in the ECI field (21). Hadders-Algra summarized the effectivity of early intervention as follows (22): “(1) coaching of parents seems an effective means of intervention; (2) our understanding of the plasticity of the developing human brain is currently too limited to allow a direct practical implementation in early intervention; (3) intervention before term age should primarily focus on stress reduction, intervention after term age on stimulation of infant development; and (4) our knowledge of the best ways to stimulate infant development is scant” (22). The reduced stress level of the parents was positively recognized by overall positive answers to question 7 (the regular weekly sessions with the ECI professional was well-appreciated, with solely positive answers at 6 months).

Problems selected out of the most divergent answers included social phenomena that we interpreted as being mainly not associated with the ECI professional but more related to having a disabled child, the care of whom might be time-consuming (problems with meeting friends, having someone to talk to about problems, getting support at doctors' visits, and having time for themselves).

Discussion of the key components of early developmental interventions has revealed that the intervention should be initiated as early as possible and ideally in the NICU (23). This was our approach too, and it was successfully and simply introduced at our NICU. In interviews with the ECI professionals after our pilot trial had finished, they all reported that they had been happy when starting the ECI study program at the NICU despite a high degree of respect for and fear regarding neonatal intensive care. Parents and the home environment have the strongest, most enduring influence on child development irrespective of socio-economic status and level of parental education (23). Given the critical role that parents have for ECI with preterm infants, it is important to consider factors that may negatively influence parental functioning and ability to engage with ECI for their child. The main such factors are parental mental health problems, including anxiety and depression (10, 22, 23). Heterogeneity between interventions (timing, focus, and length) increases the challenges to parental mental health (23).

Even for children presenting with highly complex and unusual developmental and behavioral patterns, building relationships with both parents and therapists has been a central theme (17). Questions 10, 14, 16, 18, and 19, for example, consider this part of the ECI program, and, of course, question 22 is important for to obtaining information regarding the interdisciplinary approach of the ECI professional.

Bagnato et al. (24) proposed a definition of “dosage” in early intervention services as the “amount of time that an individual child must engage and participate in an ECI program or service to show measurable functional progress.” This definition recognizes that “dosage” captures more than just number of hours or days of service provided (24). This dosage-finding is far beyond the objectives of our study. We can only answer the question of whether 120-min sessions are better-tolerated or as tolerated as 90-min sessions by the parents receiving weekly sessions in our county. In the words of Jung (25): “We continue to choose “1x/week” because that's the trend; it's just the way we've always done it. With the push in our field to implement evidence-based practices, it's a real challenge that we don't actually have evidence for this important decision” (25).

A review including 14 studies on current practices in the management of parental satisfaction with ECI reported on a key element that remained unanswered to a certain degree because information on measurement tools used was missing and information on the reliability and validity of the measurement instruments was often unavailable (26). These findings were the spur to our study—the creation of this German questionnaire and the pilot trial on parental satisfaction with different ECI durations once per week.

Two recent reviews (22, 23) focused on infants at risk for or with definite diagnosis of cerebral palsy. Hadders-Algra et al. (22) analyzed seven studies in detail, and Morgan et al. (23) included 34 studies in their systematic review. They both found the dosing of the intervention to be crucial for the success or failure of the inventions (22, 23). The problems mentioned in both reviews included the heterogeneity of the studies concerning the method and duration of interventions. Multifaceted intervention might offer the best opportunities for both child and parents (22, 23). A Cochrane review of early intervention programs for preterm infants concluded that early intervention programs focusing on the parent–child relationship were more effective than programs focusing on the child or the parents alone (27).

A very recent narrative review on early childhood intervention in middle- and low-income countries summarized that in high-income countries, ECI is recommended for high-risk infants starting in the neonatal period and specialized interventions for children with developmental disabilities as early as 3 months of age but that less information is available regarding the timing of IEI-FS in middle- and low-income countries (28). Furthermore, emerging evidence supports the efficacy of community-based ECI that focuses on peer support, responsive caregiving, and the prevention of secondary morbidities. A combination of individual home visits and community-based groups might be the best strategy for the delivery of ECI given that scenario (28).

Before 5 months' corrected age, the most predictive tools for detecting developmental risks at term age were found to be magnetic resonance imaging, the Prechtl Qualitative Assessment of General Movements with the highest sensitivity (98%), and the Hammersmith Infant Neurological Examination, as concluded by the authors of a systematic review including six high-quality systematic reviews and two evidence-based clinical guidelines (29). Hence, the authors advised clinicians to better understand the importance of prompt referral to diagnosis-specific ECI in order to optimize the infant's motor and cognitive plasticity, prevent secondary complications, and enhance caregiver well-being (29).

A principle dilemma of ECI programs is shown in a very recent systematic review on movement-based interventions (30). Although movement-based interventions showed potential for improving body structure and function and activity outcomes for children with motor impairment, results were mostly not significant, and the main problems included small sample sizes, variable study quality, and high risk of bias (30).

The limitations of our pilot trial include the low number of fathers participating in the questionnaire rounds and the difficulties concerning interpretation of findings (color tables), resulting in very cautious wordings and avoiding stringent answers to some questions. Reflecting on monitoring, evaluation, and learning (MEL) might lead to several additional biases, as will be elucidated briefly. We tend to search for, notice, and interpret information in a way that confirms our existing views or beliefs—this might be the case regarding interpretation of more divergent answers. Again, another factor influencing MEL might be group reinforcement, meaning that we all self-censor ourselves during discussion of study findings. At least, we might have interpreted particular answers as correlated to the different durations of ECI when they were not; this is closely linked to “need for coherence,” which predisposes us to establish causal relationships when they may be non-existent (31). The measurement of change (120 vs. 90 min per week, satisfaction of parents expressed by answers to a questionnaire) does not really reflect the true complexity of the process of change. In contrast to popular belief, process performance has the biggest impact on organizational and business success and not people performance (e.g., performance improvements, employee feedback, or communication effectiveness) (32).

The strengths of the trial were the intense family work during the first 6 months of life with parents of VLBW infants, with almost no ECI sessions missed, and the relatively clear answer regarding our hypothesis. Additionally, some more divergent answers elucidated the in-family problems of parents of VLBW infants.

In conclusion, we found that 90-min weekly sessions of ECI were not inferior to 120-min weekly sessions during the 6-month study period. ECI professionals were well-respected and were judged positively overall.
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Objectives: The study sought to identify whether iron and folic acid supplementation of pregnant women and preschool children is associated with child's anemia status and the predictors of anemia among children in India.

Design: Secondary data analysis was performed using the National Family Health Survey 4 data. Multivariable logistic regression was used to identify the adjusted associations between child's anemia status and iron supplementation, both during pregnancy and childhood. Also, a model of significant predictors of anemia among children was fitted.

Setting: India.

Participants: Youngest children (6-59 months) in families.

Results: The adjusted association between supplementation during pregnancy and child's anemia status was significant (p = 0.010), whereas the adjusted association between supplementation during childhood and child's anemia status was insignificant (p = 0.16). The variables independently associated with anemia status of the child included younger age (95% CI 2.67–2.86), child's recent diarrhea (95% CI 1.02–1.14), low birth weight (95% CI 1.17–1.27), current underweight (95% CI 1.14–1.28), diet diversity score (95% CI 0.96–0.98), higher birth order (95% CI 1.01–1.05), mother's current anemia (95% CI 1.68–1.81), months of breastfeeding (95% CI 0.99–1.00), no/primary education (95% CI 1.23–1.35), family's low wealth index (95% CI 1.11–1.23), and backward caste (95% CI 1.04–1.14).

Conclusions: The National Iron Plus Initiative strategy of child's iron supplementation should be evaluated to identify the reasons of its ineffectiveness in anemia reduction. In addition, vulnerable groups of children, i.e., children from poor and less educated families and those with low birth weight, higher birth order, and poor nutritional status, should be targeted first with anemia reduction interventions.

Keywords: anemia in children, predictors, iron supplementation, India, National Iron Plus Initiative


INTRODUCTION


Burden

The prevalence of anemia among children under five was 41.7% worldwide in 2016. In India, this rate was 57.3% (1) and the prevalence of anemia among children 6–59 months of age was 58.5% (2); thus indicating a major public health problem. Compared to other age groups, children under five have a disproportionately higher level of anemia (3). Iron deficiency is considered to be a major cause of anemia in childhood (4). Iron deficiency anemia is associated with a number of other health conditions among children, like behavioral problems, cognitive impairment, stunted growth, and psychomotor development (5–7). Studies from different parts of the world have often found different sets of determinants for iron deficiency anemia, suggesting possible variations in the risk factors across countries.



Prevention Strategies

Iron supplementation is a part of World Health Organization (WHO) (4) guidelines in combating anemia, which has been successfully implemented in many countries to treat and prevent anemia (8). In 2013, the National Iron Plus Initiative (NIPI) was launched in India to combat the increasing prevalence of anemia (9). It replaced the National Nutritional Anemia Control (NNAC) program which existed since 1991 (10). According to NIPI recommendations, children aged 6–59 months should receive a preparation containing 20 mg elemental iron and 100 mcg folic acid twice a week (9). For pregnant women, the recommendation is using 100 mg elemental iron and 500 mcg folic acid daily for 100 days beginning at 14–16 weeks of gestation (9). It should be noted that the NIPI's iron and folic acid (IFA) supplementation schedule differs in some extent from the WHO recommendations in both the dosage and duration.



Study Rationale and Aim

Despite the ongoing NIPI program, the prevalence of childhood anemia continues to be alarmingly high in India, and no study has yet evaluated the effectiveness of the NIPI program nationally. The current study aimed to fill in this gap and provide evidence that can be used by policymakers to improve the NIPI program and specifically target the most vulnerable groups of children with anemia reduction interventions. Hence, the study objectives were (1) to identify whether there is difference in anemia rates between those children whose mothers followed the iron supplementation schedule during pregnancy and those children whose mothers did not follow it, (2) to identify whether there is significant difference in anemia rates between those children who follow the iron supplementation schedule and those who do not follow it, and (3) to find the predictors of anemia among 6–59-month-old children in India.




METHODS


Study Design

Secondary data analysis was performed using the data from the National Family Health Survey 2015–16 (NFHS-4). NFHS-4 was carried out by the International Institute for Population Sciences, Mumbai, under the supervision of the Government of India (2). It was a household survey collecting data on the characteristics of population and their health and nutrition (2). The survey was accompanied with anthropometric measurements of children and testing of adults and young children for blood hemoglobin level, using the HemoCue instrument (11). The NFHS 4 used the HemoCue Hb 201+ instrument because of the rapid results, simplicity of operation, and known precision and accuracy (12). It is based on the cyanomethemoglobin method and thus proven to be “stable and durable in field settings” (13). The NFHS-4 samples were nationally representative and included 601,509 households, 103,525 men (15–54 years), and 699,686 women (15–49 years). The fieldwork for NFHS-4 was carried out from January 2015 to December 2016 (2). The study dataset can be downloaded by registering at the DHS program (14), and the questionnaire can be accessed at the national family health survey website (http://rchiips.org/NFHS/nfhs4.shtml) (15).



Target Population and Variables

The target population for this study comprised a subsample of the youngest children in surveyed families aged 6–59 months taken from the NFHS-4 dataset. The youngest children in families were chosen, as the information on certain study variables (folic acid and iron supplementation during pregnancy, child's diet diversity, and blood sample given by mother during pregnancy) was available only for them.

The outcome variable was the presence or absence of anemia in a child. The criterion used to determine anemic children was the hemoglobin level <110 grams per liter at the sea level (16). This is the cutoff value for identifying anemia among 6–59 months old children recommended by WHO, which is adopted and used in India as well (13, 17, 18). The exposures of interest were IFA supplementation of mother during pregnancy (whether she was supplemented at least 50 days) and IFA supplementation of the child (at the time of the survey). The covariates and potential confounders considered were age and gender of the child, education of parents, family's wealth index, caste of the household, current anemia of the mother (hemoglobin adjusted for sea level below 120 g/L) (13, 17), blood sample given by the mother during pregnancy (as the only available proxy for pregnancy anemia), mother's young age (<18 years old) at child's birth, child's breastfeeding duration, diet diversity of the child, recent diarrhea in the child, child's undernutrition (stunting, wasting, and underweight), type of household heating and cooking fuel (low-quality biofuel such as straw/shrubs/grass, agricultural crops, and animal dung vs. other fuels), child's birth order, and birth weight.



Data Analysis

The analysis was done using SPSS 23 statistical software package. Descriptive data analysis of the selected characteristics was done comparing the groups of 6–59-month-old children with and without anemia. The analysis took into account the survey design (clustering and stratification) and applied sampling weights. The statistical significance of the difference between the selected characteristics was measured using chi-square test for categorical variables and student t-test for continuous variables. For logistic regression analysis, the categorical variables with more than two categories were transformed into dummy variables. All the variables with p < 0.25 in the descriptive analyses were entered into univariate logistic regression analyses (done in complex samples package) with the dependent variable, anemia status of the child. Then, multivariable logistic regression for the weighted data was applied to evaluate the adjusted associations of interest while controlling for all available potential confounders. The large sample size of this study resulted in ample significant associations, therefore, in addition to the statistical significance; an effect size was calculated by comparing the change of the odds ratio of the main association when adding each identified confounder in the multivariable model. Only those categorical variables that produced at least 5.0% change of the odds ratio of the main association were included in the final multivariable logistic regression models. As the last step, a logistic regression model of independent predictors of anemia in 6–59-month-old children was fitted and the model fit evaluated via the Hosmer–Lemeshow goodness-of-fit test and the area under the ROC curve.



Ethical Review

The study protocol did not require any approval by the Institutional Review Board as it was a secondary analysis of a de-identified dataset.




RESULTS


Descriptive Findings

In total, 145,904 last-born 6–59-month-old children were included in the analysis. Among the children, 39.9% were non-anemic (≥11 g/dL), 27.8% mildly anemic (10–10.9 g/dL), 30.7% moderately anemic (7–9.9 g/dL), and 1.6% severely anemic (<7 g/dL).

As Table 1 shows, the sample consisted of 54.7% male and 45.3% female children. Of all the 16 variables analyzed, gender was the only variable that was not statistically significantly related with the anemia status in crude comparisons. Younger age, low birth weight (<2,500 g), recent (within the last 2 weeks) diarrhea, and all the three types of under-nutrition (stunting, wasting, and underweight) were more prevalent in the group of anemic children as compared to those without anemia. The mean dietary diversity score was lower among anemic children than among those without anemia (2.26 vs. 2.45 of the maximum score of 12). Children in the anemic group had higher mean birth order as compared to those in the non-anemic group.


Table 1. Descriptive analysis of the selected characteristics among the last born 6–59-month-old children in India by “anemia status” (based on National Family Health Survey 2015–2016 data).
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Of mothers of the studied children, 65.3% used IFA supplements during pregnancy, while only 26.6% of the studied children were taking IFA supplements at the time of interview. Mothers and fathers of children in the anemia group were less educated compared to parents of children without anemia. Mothers of children with anemia were younger, suffered from anemia (blood hemoglobin <120 g/dL at the sea level) more frequently, and breastfed for fewer months than mothers of non-anemic children.

Families of anemic children had lower wealth index as compared to families of non-anemic children. Children who belonged to a scheduled caste or tribe or other backward caste had a higher prevalence of anemia. High-quality fuel (electricity, LPG, natural gas, and biogas) usage was more prevalent in the non-anemic group as compared to the anemic group (41.0 vs. 34.0%), while families in the anemic group used lower quality biofuel more frequently (18.0 vs. 15.0%).



Relation Between Iron Supplementation and Childhood Anemia

Table 2 shows the results of multivariable logistic regression analysis with “anemia status” as the outcome and supplementation during pregnancy as the independent variable controlled for all the available potential confounders, including all the continuous variables regardless of their effect size and those categorical variables that produced over 5.0% change in the odds ratio of the main association when being included in the model. As demonstrated, there is significant independent negative relation between the variables of interest indicating that children of mothers who used IFA supplements for at least 50 days during pregnancy are 10.0% less likely to have anemia.


Table 2. Controlled associations between “anemia status of the child” and the two independent variables: “mother's IFA supplementation during pregnancy” and “iron supplementation during childhood” among the last born 6–59-month-old children in India (based on NFHS-4 data).

[image: Table 2]

The multivariable logistic regression with “anemia status” as the outcome and child's supplementation as the independent variable, controlled for all the available potential confounders, including all the continuous variables regardless of their effect size and those categorical variables that produced over 5.0% change in the odds ratio of the main association, found no significant relation between child's IFA supplementation and his/her anemia status (Table 2).



Predictors of Childhood Anemia

The fitted multivariable logistic regression model (Table 3) identified 11 independent predictors of anemia among 6–59-month-old children in India. Among these, age was a protective factor for anemia with 6–23-month-old children having 2.77 times higher odds and 24–41-month-old children 1.73 times higher odds of suffering from anemia compared to the oldest age group of 42–59-month-old children. An episode of recent diarrhea (within last 2 weeks) increased the odds of the child being anemic by 8.0%. Children whose birth weight was <2.5 kg had 22.0% increased odds of being anemic as compared to children whose birth weight was more than 2.5 kg. An underweight child had a 21.0% increased chance of being anemic as compared to a normal-weight child. Each one-unit increase of diet diversity score decreased the risk of the child's anemia by 3.0%. With each unit increase in the birth order, a child was at a 3.0% increased likelihood of being anemic. Current anemia of the mother increased the likelihood of the child being anemic by 74.0%. With every 1-month increase in breastfeeding duration, the odds of a child being anemic decreased by 1.0%. Mothers with no or primary education had 29.0% higher odds for their child being anemic as compared to mothers with secondary or higher education. Children from households with poor and middle wealth index had, respectively, 1.17 and 1.11 times higher odds of being anemic as compared to children from households with rich wealth index. Scheduled caste, scheduled tribe, and other backward caste households had 9.0% higher odds of the child being anemic as compared to any other caste households.


Table 3. Multivariate logistic regression model of anemia predictors among the last born 6–59-month-old children in India (based on NFHS-4 data; valid n = 49,162).
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DISCUSSION


Prevalence and Dynamics of Childhood Anemia

According to this study results, the prevalence of anemia among 6–59-month-old children in India was 60.1%, which reflects a significant decrease from the prevalence of 69.4% found by NFHS-3 in 2005–06 (19). This decrease can be due to the measures undertaken in the scope of the NIPI Program. However, the observed decrease is far from the ultimate goal of the program to combat childhood anemia in the country. Moreover, the current rate of anemia among under-five children in India still represents a “severe public health problem” according to WHO criteria (20). It is comparable to that in Pakistan (59.0%) and is considerably higher than in Bangladesh (40.0%) and the world average (41.7%) (21). Anemia rates are equally high among both genders, which is consistent with a study conducted using the Ghana demographic and health survey that found no significant difference in anemia prevalence among boys and girls (22).



Iron Supplementation and Childhood Anemia

This study found no significant association between IFA supplementation during preschool years and child's anemia status, even though in many countries a significant association has been found (23, 24). Potential explanations for this could include compliance and logistics-related challenges in the NIPI program (9) as well as other shortcomings that this program might have inherited from the prior NNAC program. As to the latter, a study evaluating the NNAC program in Andhra Pradesh found that only 19.0% of the pregnant women and 1.0% of the child beneficiaries had received their supplementations (25). The main reasons for the poor coverage included inadequate and irregular supplies of the supplements and incomplete registration of beneficiaries by the health centers (25). The chemical analysis of the supplements also found out that 30.0% of them had less than recommended iron levels and none of them had the recommended folic acid levels (25). A study that evaluated the NNAC program in the Dharwad taluk also found an issue of irregular supply of the supplements (26). A cross-sectional study evaluating the compliance of the NIPI program among a group of reproductive aged (15–49 years) females in Puducherry found that only 45.7% of them were receiving the supplements under the NIPI program (27). Among the women who received supplementation, only 61% reported compliance (27). A qualitative study in Odisha showed the necessity of monitoring and evaluation to strengthen the implementation of the NIPI program (28). Another possible reason of ineffectiveness of iron supplementation in reducing anemia among Indian children could be an underlying multiple micronutrient deficiency, as found in a study done among Mexican preschoolers (29).

IFA supplementation of the mother during pregnancy is found to have a preventive effect on anemia status of the child in this study. According to a number of studies, the mechanism of this effect is that routine supplementation of the mother during pregnancy prevents a bunch of conditions associated with increased risk of childhood anemia, including maternal anemia (30–32), low birth weight (33), and preterm birth (34–37). An interesting finding of the study was that during the analysis, the initial controlled association between pregnancy supplementation and child's anemia was positive, meaning that pregnancy supplementation acted as a “risk factor” for child's anemia. As there was no available data on woman's anemia status during pregnancy, the research team suspected that this finding might be the reflection of a practice of prescribing supplements specifically to those pregnant women with known anemia. In this case, pregnancy supplementation could indirectly point out the women with anemia during pregnancy. This suspicion was confirmed by the fact that the relation between pregnancy supplementation and childhood anemia became protective after including in the model “giving blood sample during pregnancy,” the only available proxy variable for pregnancy anemia. The practical implication of this finding is the need to reinforce the compliance with the recommended pattern of universal preventive prescription of IFA supplements to all pregnant women regardless of their anemia status. Another inference that can be made from this finding is that the actual protective effect of iron supplementation during pregnancy on child's likelihood of developing anemia could be even stronger if the data on pregnancy anemia status was available and controlled for.



Predictors of Childhood Anemia

Literature reports the following common determinants of childhood anemia: age of the child (30, 38–41), exclusive breastfeeding duration (31), literacy of parents (31, 40), household income (31, 32, 38, 40), caste of the household (42, 43), geographical location (32, 40), anemia of mother (30–32), nutritional status of the child (30–32, 38, 41), and diarrhea (31). This study found 11 independent predictors of anemia among under-five children. Child-related predictors included younger age of the child, child's recent diarrhea, low birth weight, underweight, low diet diversity score, and higher birth order. In a number of studies, as in this study, the age group of 24 months and below was strongly associated with anemia in the child (30, 38). This is due to the high-iron requirements of the child because of high growth speed during this age (44), often combined with poor dietary diversity resulting in consumption of a diet which doesn't include iron rich foods (45). An episode of recent diarrhea (within the past 2 weeks) in a child was found to be positively associated with child's anemia status in other studies as well (31, 46). According to these studies, poor absorption of nutrients and decreased food consumption of the child during diarrhea could be among the underlying mechanisms of this association (31, 47, 48). The findings of this study on child's low birth weight and current underweight predicting anemia are also consistent with the literature. A study conducted in a rural area in China found that anemia was significantly associated with low birth weight and malnutrition (underweight, stunting, and wasting) (33). The mechanism underlying the relation between low birth weight and anemia is that hemoglobin and ferritin concentrations are found to be positively correlated to the birth weight of a child (49, 50). Poor dietary diversity is also a known predictor of anemia (51, 52), due to its direct relation with inadequate micronutrient intake (52). Higher birth order is another factor positively associated with anemia in a child not only in this study, but in a number of other studies (53, 54).

In this study, the identified predictors related to maternal factors included current anemia of mother, months of breastfeeding, and educational level of mother. A study conducted in Timor Leste found that the severity of anemia of mothers was directly correlated to the severity of anemia in children (31), showing that anemia of mother is a predictor of anemia status of children. This is due to the correlation of maternal hemoglobin with cord blood hemoglobin concentrations and breast milk iron levels (55, 56). Consistent with this study, a study conducted in Eastern Cuba showed that lack of breastfeeding is a predictor of anemia (57). The underlying mechanism is the presence of highly bioavailable iron in breast milk (58). The finding that children of mothers with higher education are at lower risk of anemia is again consistent with other studies (40). This is due to ensuring better dietary practices of children, including consumption of iron rich foods, by those mothers having higher educational level (59).

The household-related predictors included wealth index and type of caste or tribe of the household. The wealth index of the household was associated with anemia status of the child with a dose-response relationship, as the poorest households had the highest risk and the middle households had higher risk of the child being anemic as compared to the rich households. This relationship is seen in other countries as well, which is due to better nutrition and health services to children from richer households (60). Children of scheduled caste, scheduled tribe, and other backward castes have increased risk of anemia both in this and other (42) studies, which is due to substandard living conditions, unfavorable behaviors (maternal smoking, poor dietary habits), and inefficient healthcare use among these castes (42).



Study Strengths and Limitations

This study had a number of limitations. Similar to most secondary data analysis studies, the current study was limited to the variables covered in the NFHS-4 survey and did not have any control over the data collection process (61). The NFHS-4 questionnaire collected no information on the dosage or duration of the child's supplementation. The only question on this matter was whether the child was taking supplements currently, which might have introduced an instrumentation error, making it impossible to identify children who received supplements according to the existing recommendations. For women's supplementation, we only took those women who had taken the supplements for at least 50 days out of the 100-day criteria. The NFHS-4 survey used the HemoCue Hb 201+ instrument which has a sensitivity of 75–91% and specificity of 88–100% for anemia (62). This instrument is mainly used for screening of anemia and requires a full blood count for confirmation (62). The test results do not differentiate types of anemia. Data on the anemia status of mothers during pregnancy was not available, and a proxy variable of “whether blood sample was collected during pregnancy” had to be used instead. Also, the study lacked information on the actual content of supplements, their quality and availability, and whether they were prescribed in accordance with the current recommendations of the NIPI program.

Despite these limitations, the study produced very interesting results that could be used for developing better targeted strategies to reduce childhood anemia in India. This study was the first attempt of measuring the impact of the NIPI program on anemia status of children using an impressive nationwide sample and an analytical approach that applied sampling weights, thus making the findings nationally representative. Also, the study results delineated areas for further research, including investigation of the lack of relation between child's iron supplementation and anemia status, investigation of the content and quality of the supplements for children, the extent of compliance with the recommended regimen of administration and the actual coverage of pregnant women and preschool children with the supplements, and investigation of the possible relation between pregnancy anemia and prescription of IFA supplements during pregnancy. The questionnaire of NFHS-5 needs to be revised to include questions on child supplementation and maternal anemia to get a better idea of the problem in future.



Recommendations

This study identified areas that can be of short- and long-term targets for the Indian government. The short-term objectives include addressing the challenges of NIPI in every state and prioritizing anemia as a major public health problem. A study conducted in India showed that the “estimated yearly costs of iron deficiency anemia in 6–59 months old children amount to intangible costs of 8.3 million disability adjusted life years and production losses of 24,001 million USD, equal to 1.3% of gross domestic product” (63). A randomized, double-blinded study done among Indian school children showed that iron-fortified flour significantly improved body iron stores and reduced iron deficiency anemia (64). A study conducted in 10 developing countries showed that long-term iron fortification programs have a median cost benefit ratio of 6:1, which becomes 36:1 if the impact on cognitive improvements are also included (65), clearly showing that this is an efficient solution. Thus, in the long term, if anemia continues to remain a prevalent issue, food fortification can be another option for combating it. Based on this study findings, the vulnerable groups of children, i.e., children from poor and less educated families, those with low birth weight, higher birth order, and poor nutritional status, should be targeted first with anemia reduction interventions in India.

The study also measured the effect of the nationwide iron and folic acid supplementation program in India on children's anemia status while the NIPI program is still ongoing, thus creating a knowledge base for refining the program. Therefore, our results may contribute to learning and decision-making through the course of the program implementation to achieve better performance, compliance, and hence, better outcomes.
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It is essential to analyze the local context and implementation components to effectively deliver evidence-based solutions to public health problems. Tools provided by the field of implementation science can guide practitioners through a comprehensive implementation process, making innovations more adaptable, efficient, and sustainable. It is equally important to report on the design and implementation process so others can analyze, replicate, and improve on the progress made from an intervention. The current study reports on the design and implementation of an mHealth intervention to improve child health in the Amazon of Peru. The study aims to provide insight into how an implementation science tool can be used to improve implementation and reporting of an evidence-based intervention in a global health setting.

Methods: Implementation of a community-based mHealth intervention is analyzed and reported through the lens of the Active Implementation Frameworks (AIF). The AIF is used to analyze the design, implementation, adaptation, and monitoring of the intervention. The implementation process is categorized in the four stages of implementation. The results of the analysis and subsequent implementation activities are reported.

Results: The exploration stage was used to learn about the local context in the Amazonian communities and identify an evidence-based solution to address poor child health. Several potential solutions were combined to create an innovative mHealth tool. During the installation stage, the stakeholders worked together to improve the intervention and plan for implementation through human-centered design. The providers in the field were trained and data was gathered to monitor implementation. During initial implementation stage, electronic tablets were distributed to community health agents and continuous quality improvement activities allowed for rapid improvements to be implemented. The intervention moved on to full implementation stage as acceptance and fidelity approached 100%.

Conclusion: The AIF highlighted several potential barriers to implementation that may have been overlooked without the guidance of a science-based implementation tool. Reporting on the implementation process shows how implementation science tools can be used to foresee and address potential threats to successful implementation. The results of this study provide insight into the components of implementation in Amazonian communities, as well as the process of using implementation science tools in any global health setting.

Keywords: implementation science, implementation research, mHealth, child health, Amazon, Peru, health promotion, active implementation frameworks


INTRODUCTION

Many public health interventions that have been proven to be effective in controlled settings are not creating the expected impact when replicated in community settings (1–6). There are interventions that have been effective at improving child health and development in low-resource community settings, however, replicating and scaling these interventions have been challenging (7, 8). For example, home visits by health promotors have been shown to be effective, though outcomes vary greatly (9–12). Progress to improve and scale evidence-based interventions to address poor childhood development has been slow, partly due to difficulty adapting interventions to diverse contexts and a lack of reporting on the implementation process conducted by researchers (5, 6, 13).

The implementation process is complex and influenced by diverse factors. Prior to implementing an innovative program in a new context, it is essential to determine if it can be effective and if adaptations are needed to enhance its potential impact. Understanding the context helps to improve the fit of the innovation and implementation strategies, thus improving feasibility, acceptability, and sustainability (1, 14).

Implementation science proposes various theories, models, and frameworks (called tools henceforth) that can be used to improve diffusion of evidence-based interventions, adapt innovations to local contexts, better understand the implementation setting, and evaluate the implementation process (2, 15–18). However, few studies have been conducted that report on the use of the tools in global health settings and the resulting implementation process (13).

The current study reports on the design and implementation of an mHealth intervention to improve child health in the Amazon of Peru. The study aims to provide insight into how an implementation science tool can be used to improve implementation and reporting of an evidence-based intervention in a global health setting. Reporting on the implementation process is expected to show how implementation science tools can be used to foresee and address potential threats to successful implementation. This report addresses the need for critical reflections from practice-based settings to give insight into the barriers and facilitators of effective implementation in community-based settings (3).



METHODS


Study Procedure

The current study utilizes an implementation science tool to systematically design, implement, monitor, adapt, and report on a community-based mHealth intervention for child health. The study utilizes a systematic method for choosing the most appropriate implementation science tool for the initiative. The tool is used to ensure the key components to effective implementation are considered and supported. The tool is also used to guide reporting of the implementation process to ensure all relevant activities are described here. The implementation process is categorized into four stages of implementation to display the challenges to implementation and the solutions that were provided. The analysis focuses on the use of information gathering to identify and improve an intervention and the implementation process, the implementation outcomes (fidelity, acceptability, adoption) and training for quality improvement. The analysis of the process and outcomes are reported in the results.



Study Setting

This article describes the implementation of an intervention to improve the impact of community health agent (CHAs) programs on child health and development outcomes. The study took place in the northern Amazon region of Peru, in the department of Loreto. In Loreto, 57% of children under 3 have anemia, 20% under 5 have chronic malnutrition (2018), and infant mortality rate is 30 deaths per 1,000 live births (19–21). Delay in early childhood development was reported to be experienced by 26.7% of children in the region (2017) (22). Many of the illnesses can be mitigated by better practices in the household that lead to better sanitation practices, nutrition, and disease prevention (23, 24). However, caregiver's knowledge of practices to maintain a healthy family are limited as they transition from traditional practices to modern medicine (25–28). To improve health in the communities, the population must understand the causes, consequences, and treatments of poor nutrition and infection (24, 29–31).

In Peru, CHA programs are widely used but greatly fragmented, with each level of government (national, regional, local) operating distinct programs. Although they share the objective of improving maternal and child health, each program has a different system of operations, incentives, supervision, material, etc. While some communities have CHA programs from all three levels of government, others have none. The CHA programs often lack effective job aids to guide health education and data collection.

To address these concerns, Elementos, a Peruvian research organization, used an implementation science tool to guide the process to identify a potential solution, co-create the design, and implement the innovation. The objective was to improve child health and development, by improving the capacity of CHA programs to conduct health promotion and surveillance.

During the pilot study, which is the focus of the current paper, the innovation was tested in a randomized control trial, in 6 communities, with 20 CHAs, serving 230 children. It was provided to established CHA programs for them to use during their regularly scheduled home visits with caregivers of children 0–3 years of age. The communities are only connected by rivers, approximately 6 h by boat (1.5 h by speed boat) from the department capitol of Iquitos. Each community has a population between 500 and 2,000 people. The communities have sporadic cell phone signal and at least 3 h of electricity per day. The study protocol is described in Westgard et al. (32).



Implementation Science Tool Selection

The first step for the implementation process was to choose the appropriate implementation science tool. A list of potential tools and their level of analysis is included in the online tool, Dissemination and Implementation Models in Health Research and Practice (33). The list is extensive with little information on how each tool can be used. Previous knowledge of implementation science and its tools or additional reading is necessary for the list to be meaningful. The authors of the current study utilized their knowledge of implementation science, along with additional study of the various tools, to select the five most promising tools for the project. The five tools were: (1) Active Implementation Frameworks (AIF) (18); (2) Consolidated Framework for Implementation Research (CFIR) (15); (3) The Exploration, Preparation, Implementation, Sustainment Framework (EPIS) (2); (4) Interactive Systems Framework for Dissemination and Implementation (ISF) (34); and (5) the Theoretical Domains Framework (TDF) (35).

To compare the tools and select the most appropriate for the project objectives, the Theory, Model, and Framework Comparison and Selection Tool (T-CaST) was used (36, 37). The T-Cast helped the authors systematically think about the strengths of each tool as they relate to each criterion that is important for successful implementation. The criteria were chosen from a list, based on the project's objectives. The tools were scored across the following 7 criteria: the tool includes relevant constructs, provides a step-by-step approach for applying it, provides an explanation for how constructs influence implementation, focuses on relevant implementation outcomes, addresses a relevant analytic level, proposes testable hypotheses, and contributes to an evidence base. Based on the score of each criterion, the authors were able to differentiate the most appropriate tool.

The AIF scored the highest in the evaluation with an average score of 1.57. It was therefore selected to be the tool utilized to guide the implementation research and practice. The average score of each tool is in Table 1.


Table 1. T-Cast scores.
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Active Implementation Frameworks

The AIF is comprised of five distinct frameworks. The 5 Active Implementation Frameworks include; (1) Usable Innovations, (2) Implementation Stages, (3) Implementation Drivers, (4) Implementation Teams, (5) Improvement Cycles. Through the application of the 5 AIFs, users are guided through the stages and key activities for successful implementation, supporting careful consideration of the implementation setting and components of the intervention [see Figure 1; (38, 39)]. The stages of implementation include (1) Exploration of the local context and identification of innovations that can create positive change, (2) Installation of the capacity and resources needed to introduce, improve and sustain an innovation; (3) Initial implementation, during which performance data is used to rapidly improve both the innovation and implementation supports and strategies; and (4) Full Implementation, where high quality implementation and program outcomes are realized and sustaining performance is a core focus.


[image: Figure 1]
FIGURE 1. Implementation stages framework.


The current study reports on the process used to move from exploration to full implementation of the innovation in the communities. The Implementation Stages Framework, of the AIF, is used to organize the description of the evolving implementation process. The other components of the AIF are presented within the various stages of implementation (18, 40). The implementation process during each stage is described with the aim of reporting on the key components addressed to accomplish implementation. Key challenges that arose and the decisions that were taken to address them are presented.




RESULTS

The results of the analysis of the implementation process is presented in the sections below, representing the four stages of implementation. The authors explore the critical components of project implementation as they relate to each stage of implementation.


Exploration Stage: Identifying Challenges and Solutions

The exploration stage involved understanding the needs of the communities, identifying evidence-based practices that can address their needs, and determining the right fit between potential solutions and the local context. The work done during this stage improved the chances for success of the program by checking to ensure the local population wanted the intervention and believed it could work within their reality (41, 42).

The research team conducted formative research in the communities to better understand the needs and priorities of the families. This involved the following activities:

• Interviewed regional health directors, program coordinators of municipalities, and community leaders to learn about their most pressing health issues, their priorities, and key barriers to progress. A common consensus among all stakeholders was the problem of child malnutrition and poor early childhood development.

• Conducted a social determinants study to better understand the drivers of poor child development in the communities. The study found that poor sanitation and nutritional practices were associated with an increase in developmental delay, and contact with a CHAs was associated with a decrease in developmental delay (22).

• Conducted a study to better understand the barriers to utilization of local health services for maternal and child health. The study identified key reasons why some mothers do not attend health-checkups for their child nor give micronutrient supplements. Long wait times, closures, and a mistrust of health center personal were among the top reasons (26).

• Conducted a performance evaluation of CHAs in the communities. Through observations of home visits by CHAs, the study found that many CHAs lacked the capacity and material to transmit the knowledge needed by the caregivers to conduct healthy maternal and child health practices (43).

The studies and informant interviews identified poor health behaviors within the household as a key driver for child health and development. Unhealthy behaviors that were taking place included: drinking untreated water; early cessation of breast feeding; poor diet; poor handwashing practices; unsanitary toilets; and low use of nutrient supplements and deworming medication (22, 44, 45). Caregivers often lacked a good understanding of the causes, consequences, and treatment of common childhood illnesses. The local stakeholders agreed that health promotion and education were greatly needed, and that CHAs are a strong potential mechanism to provide that service. Evidence from the studies suggested that improved performance of CHAs could improve the knowledge and practices of caregivers, and thus improve the child health and development outcomes.

Following the decision to focus on CHAs to address poor child development, additional research was conducted on the policies and operations of the CHA programs in the region. The research team conducted interviews with representatives of CHA programs at the national, regional, and local level. It was soon discovered that representatives at each level operated a distinct CHA program. The programs share the objective of improving maternal and child health, however, each program has a different system of operations, incentives, supervision, recruitment, and material. While some communities have CHAs from all three levels of government, others have none.

The research team studied the operations of the CHA programs to better understand how an intervention could be designed and implemented to improve CHA performance and impact. The research revealed several of the barriers expressed above: CHAs struggle to remember and transmit the knowledge needed to teach caregivers, they lack direction to choose which health messages should be shared at each home visit, and they lack material to help transmit the information. Additionally, there is a lack of supervision and any control of the quality of the home visits. Fidelity of the CHA program suffers from a lack of a responsive supervisory system. The supervisors and representatives of the health centers and Ministry of Health have little way of determining if home visits are being conducted as intended.

A landscape analysis was conducted to identify evidence-based interventions with the potential to improve CHA performance in the Amazonian communities. Potential interventions were identified by reading scientific literature, expert interviews, and assessing the tools shared by CHW CENTRAL1 and the Community Health Worker Assessment and Improvement Matrix (46). A list of potential interventions was evaluated through a policy analysis to determine which best satisfied the selection criteria and showed most promise to be successful in the low-resource community setting. The search for potential interventions and the comparison process was dynamic, with new interventions being added and deleted over several months. The analysis revealed that multiple interventions had the potential to create positive impact in the CHA setting. By utilizing mobile information and communication technology (ICT), several of the intervention components could be combined into one innovative intervention.

Several studies have shown that mobile ICTs can improve the performance of CHAs in their ability to perform health promotion, collect and report timely information regarding family health, provide health services such as vaccines, and refer families to appropriate local health services (3, 47–53). Additionally, when a mobile ICT tools are used by a CHA, the device can increase the confidence the caregivers have in the messages being transmitted and increase the confidence the CHAs have in their own work (47, 48, 51, 52, 54–56). Through implementation science, innovations in mobile ICTs and strategies for child health and development can be extended to low resource settings to empower local actors and spread the benefits of advancements in technology (3, 50).

The evidence-based interventions that showed promise to improve CHA performance included: conducting surveillance of maternal and child health indicators with a mHealth tool, utilizing animated videos to deliver health messages to encourage behavior change, harnessing health behavior theory for the creation of health messages, and improve self-efficacy of CHAs by providing dynamic tool (24, 30, 31, 47–49, 51–53, 55, 57, 58). The intervention components were combined to create an innovative tool that supports CHA programs.

The innovative tool was titled, The Child Health Education and Surveillance Tool Application (The CHEST App). A video of the App can be viewed online (59). The CHEST App is an android-based application downloaded onto an electronic tablet. The CHEST App provides the steps for the CHA to follow to conduct an effective home visit with caregivers. It was designed to improve the capacity of CHAs to transmit knowledge of healthy child-rearing practices and conduct disease surveillance. The CHEST App provides the following functions: (1) collect child health indicators at the household level and upload the data to the server; (2) select appropriate health messages to deliver during the home visit based on the age of the child; (3) share animated videos, images, and statements that reinforce the health messages; (4) calculate and display the anthropometric and nutritional status of children; and (5) organize the case load of children and maintain schedules for home visits and health check-ups (32).

A full description of the intervention can be seen in the study protocol that was published in 2019 (32). The theory of change for the intervention is displayed in Appendix 1 in Supplementary Material.

Once the CHEST App intervention was defined, it needed to be assessed to determine fit and feasibility for success in the local context. The intervention was assessed alongside the implementation setting to determine the probability of success. The exercise was supported by the Hexagon Exploration Tool, of the AIF. The Hexagon Exploration Tool guides selection and evaluation of potential interventions for an implementation setting by promoting the consideration of key program and implementation site indicators [Appendix 2 in Supplementary Material (63)]. The CHEST App was assessed with the Hexagon Exploration Tool by considering the six key components for successful implementation, as displayed in Table 2. The exercise confirmed the potential for success of the intervention in the communities and promoted further consideration of important components of implementation.


Table 2. The hexagon exploration tool assessment of the CHEST App.
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Installation Stage: Preparations to Initiate New Program

After exploration, efforts shifted to preparing for implementation. An implementation team at Elementos was created to assist the actors in the field. The implementation team created the initial plan for implementation, prepared the local actors, and readied the tools, and material for the intervention. They conducted the training, monitoring, and quality improvement cycles. The team consisted of an implementation scientist, nurse, nutritionist, and anthropologist. Before going to the field to prepare the local actors, the implementation team was trained on the use of the CHEST App, how to coach the CHAs, how to conduct an effective home visit with the tool, and how to identify and report challenges experienced by the CHAs.

The CHEST App was developed throughout the 6 months of the installation phase. A prototype was needed to show the local actors what the intervention would look like. However, the final form of the App was unknown at the beginning of development because the design needed the input from the end-users and the implementation team needed to further understand the workflow of the CHAs. The multidisciplinary team designed and created the App, the health messages and images, and animated videos to include in the App.

To prepare for implementation, the team needed to determine where and when implementation would take place. To determine the location of the pilot, meetings were conducted with directors of CHA programs at the 3 levels of government (national, regional, and local) to present the CHEST App, document the system of operations of each CHA program, and assess interest in receiving the intervention. The CHA program coordinated by the Regional Ministry of Health has little formal structure or supervision. The CHAs conduct occasional campaigns (such as malaria prevention) and some conduct home visits as their own independent initiative. The CHAs did not receive incentives or regular supervision. Their home visits are thus infrequent and unpredictable, making their program a poor fit to receive the CHEST App. At the national level, the CHA program, “Cuna Mas,” conducts home visits in areas of extreme poverty (64). The CHAs receive a modest stipend for their work, close supervision, and continuous training. Based on the structure of the program, they were an excellent fit to receive the CHEST App. The directors of the program were excited to receive the CHEST App. However, working with the national government provided difficult. Significant turnover of staff in the Ministry delayed communications and the formulation of a formal agreement. Ultimately, the team was not able to formulate a formal agreement with the ministry in time to implement. They decided to implement the intervention with the local government CHA programs. The district-level municipalities operate their own CHA program, which vary by districts. All include home visits with children under 4, an incentive package (stipend or gift baskets), and a program supervision. The 5 districts that were approached by the implementation team (Amazon, Indiana, Las Amazonas, Fernando Lores, and Punchana) were enthusiastic to receive the CHEST App intervention. They established communications with each district and began learning about the specific activities of the CHA program in each district.

To determine when implementation should take place, the implementation process had to adapt to the political activities in each district. The districts had recently conducted elections, so their new representatives were adjusting programs and budgets, including the CHA program. Many were replacing CHAs and supervisors with their own contacts, freezing the program until a new budget could be released, or changing specific activities of the CHAs. Therefore, installation and initial implementation had to be delayed for the programs to stabilize. Continuous communication with the program coordinators and policy makers in the districts made it possible to continue to improve the intervention and implementation process during the delay. Although this created delay for the start date of the CHEST App intervention, it helped troubleshoot and avoid several potential issues that may have arose.

In each community, leaders were selected to head the initiative in their group. The program supervisor was included as a leader and the supervisor choose one CHA to join the leadership. The supervisor was the primary person of contact in each community. The CHA leader helped lead group discussions, trainings, and share the opinions of the CHAs to the implementation team. The CHA leaders also played an important role in setting the general mood of the group. When the leader decided to accept the intervention and dedicate themselves to learning the new skills, the rest of the group followed even if they were initially hesitant.

To prepare for the evaluation of the intervention and to adjust the program to the local setting, extensive data collection was conducted. The data provided a baseline for adaptive monitoring, evaluation, and learning. Process data was collected on the procedures of the CHAs and supervisors to be able to monitor changes that may occur after implementation of the intervention. The indicators included the number of home visits conducted, number of children visited by each CHA, the reporting procedures of the CHA and supervisors, the health indicators they reported, time delay for the indicators to be reported to the health authorities, and acceptability expressed by all stake-holders. This information allowed the implementation team to later assess acceptability, adoption, and fidelity of the new intervention. This helped determine if doses and quality are changing overtime and identify opportunities to adapt the intervention to achieve greater effectiveness.

An assessment form was created for the implementation team to measure acceptability of the intervention. Acceptability was measured by interviewing the CHAs, supervisors, and caregivers. During each visit to the communities by the implementation team, an interview was conducted with one of each actor. The implementation team filled out the Acceptability Assessment Form with each. The questions pertained to what they liked and disliked about the intervention and suggestions to improve it.

The CHEST App includes a method to track adoption of the tool into the CHA program. The CHA records child health indicators with the App during the home visits. The supervisor connects the tablet to a wifi hotspot and uploads the data from the App to the server. The server can be accessed by the supervisor, health center personal, municipality, and implementation team. They can see if the CHAs are conducting the appropriate number of home visits with the tool and collecting the required information. The supervisor was trained to upload the data from the tablets and interpret the data to determine if the frequency of home visits by the CHAs matches what is expected of them. In this way, adoption can be tracked by all parties.

Fidelity of the intervention was accessed by the supervisor through observations of home visits by the CHAs. An assessment form was created by the implementation team and supervisors to assess fidelity. The fidelity assessment form included the steps needed for a quality home visit and scoring system for each step. The supervisor kept a record of fidelity scores for each CHA and scheduled trainings with the CHAs based on their scores.

Data was collected on the intermediary/mediator variables to test the theory of change of the intervention. The information was gathered from household surveys conducted by the implementation team. The intermediary variables included; performance of CHAs, knowledge of caregivers, childrearing practices, and use of health services. Testing for change along each step of the theory of change helped to determine opportunities to adjust and improve the intervention or implementation process. Data was also collected on the primary outcome indicators; hemoglobin levels, anthropometrics to estimate malnutrition, and early childhood development scores. The data was collected to determine the effective size of the intervention and report the implementation outcomes.

The CHAs and program supervisors were trained on how to use the CHEST App to support their work. The training was designed to teach them how to operate the tablet and application, how to use the tool to improve the interaction with caregivers during home visits, and how to use the information gathered by the tablet to improve their impact. The training lasted 3 days. The first day was focused solely on the use of the App. The implementation team sat down with groups of CHAs to show them how to use the App. Then, the CHAs spent the day practicing, working in groups to help each other resolve problems and remember the steps. The CHA leaders were the first to answer questions from the others before a member of the implementation team stepped in to help. The second day of training included simulations of home visits. One CHA conducted the home visits with the CHEST App while another CHA pretended to be a caregiver in her home. The implementation team conducted several simulations for others to watch to show how the home visits could be more dynamic with the use of the tool. The CHAs mimicked the behaviors of the implementation team and greatly improved how they conduct home visits. The third day of training was one-on-one with a member of the implementation team and each CHA. The member of the implementation team accompanied the CHA on a home visit with a caregiver in their community. The implementation team member gave advice to the CHA after the home visit on how it could be improved to better transmit the knowledge displayed in the app.

At times, the supervisor joined home visits with the CHA and implementation team member. At this time, the supervisor was trained in how to assess fidelity with the Fidelity Assessment Form. Before and after the home visits, the implementation team showed the supervisor how to score the home visit on the Fidelity Assessment Form, creating a common standard for a quality home visit. Through the conversations and observations of quality home visits, the supervisor learned how the intervention is intended to be delivered.

The CHAs were initially nervous to use the new tool, albeit excited by the novelty. Many of the CHAs had never used a touch-screen device before. At the end of the 3-day training, all CHAs were able to conduct a home visit on their own with the CHEST App. However, ~20% of the CHA needed additional practice with the App to become faster and more comfortable. A total of 20 CHAs were training, in groups with an average size of 6 CHAs.

During the workshops, the implementation team worked together with the CHAs and supervisors to identify opportunities to further adapt the CHEST App to match their needs. The team conducted human centered design exercises to surface challenges they anticipated from using the new tool and elicit suggestions for how it can be improved. The research team noted the difficulties and suggestions that were expressed and took them back to the developers so they could make quick, incremental improvements. For example, the language used in the App needed to be updated to include more localized terminology. Also, the images used to indicate if a child has chronic or acute malnutrition were removed because they caused confusion. The option in the App to record the child's ID number was made optional because we learned some children do not have a government-issued ID.



Initial Implementation Stage: Rapid-Cycle Problem Solving

The initial implementation stage began by distributing the tablets with the CHEST App to the CHAs and supporting the integration of the new tool into their normal activities. A total of 20 CHAs in five communities received a tablet. The CHAs immediately began using the tool to help choose which child to visit and guide them through their home visits. They collected data on child health indicators while in the homes and coordinated with the implementation team to upload the data to the server.

This stage of implementation was about testing and improving the functionality of the CHEST App and the implementation process. The implementation team continued to work with the CHAs to conduct improvement cycles on the intervention, further train the CHAs in the use of the CHEST App, support the program supervisors on downloading the data and making data-based decisions, and communicate with the authorities of the municipalities to share the advancements and value of the CHEST App for their program.

The CHA leaders agreed to meet with the CHAs that were struggling to use the App comfortably. Initially, all CHAs in each community met 1–3 times per week to practice using the App. The CHA leaders and supervisor organized the meetings and assisted those that needed help. The meetings became less frequent as they mastered the new tool.

Members of the implementation team from Elementos visited each community bi-weekly during the first 2 months following implementation, and then once a month thereafter during the first year of implementation. The CHA leaders played an important role during the meetings with the implementation team. They voiced the concerns they had about the tool, requested changes, and gave feedback about the general mood of the CHAs in using the tool. The mood was very positive, as the CHAs liked the new tool and the prestige it gave them when they visited the homes.

The families that receive visits from a CHA with the CHEST App were the ultimate recipients of the intervention. Their experience with the CHAs changed due to the new tool. They now have the opportunity to see the health status of their child displayed in the app with stop-light indicators (red or blue), view images and videos that explain topics of health and development, and hear the CHA give guided messages to promote behavior change.

To measure the effectiveness of the CHEST App intervention, implementation outcomes were tracked and evaluated throughout implementation. The implementation outcomes represented how well the intervention was delivered and received. The outcomes that were tracked included adoption, fidelity, and acceptability.

The implementation team and local authorities used the CHEST App as a decision-support data system to assess adoption. Adoption was accessed by analyzing the number of children the CHAs visited and the number of home visits conducted per month. The number of home visits per month was consistently rising or staying consistent (depending on the community), over the first 4 months of implementation. At month 5 of implementation, the implementation team noticed a sharp drop in number of children visited with the CHEST App in a community. The change signaled a reduction in adoption of the intervention and the need for the implementation team to visit the community to troubleshoot the situation. The team found that several of the CHAs were released from the CHA program due to budget cuts. The team worked with the supervisor and municipality to adapt their program to work with fewer CHAs, prioritizing the children with poor nutrition status, and visiting the healthy children less frequently. This allowed the CHAs that remained to continue to visit all the children in the program. Identifying the problem was possible due to the integrated mechanism in the CHEST App to monitor use of the tool.

The fidelity assessments conducted by the supervisors provided the information needed for targeted training and quality improvements. By observing random home visits with the CHAs, the supervisor identified which CHAs were having problems conducting the home visits as intended. The CHAs that scored poorly on parts of the Fidelity Assessment Form received support from the supervisor and CHA leader to improve their performance on those specific steps of the home visit. The assessment allowed the supervisor to identify which aspects of the home visit were not being delivered with fidelity and focus on those aspects during the on-going training.

The information gathered during the fidelity assessments also improved quality improvement efforts. The supervisor and implementation team found that many CHAs were having trouble remembering to gather child health indicators during the visit. They conducted the educational portion without conducting the surveillance portion of the home visit. With this information, the team made adjustments to the CHEST App, making it required to click through the surveillance section of the App before advancing to the educational section. This proved to be effective at ensuring the surveillance was conducted and that the intervention maintained high fidelity.

The implementation team evaluated acceptability of the intervention immediately after implementation and during the following months. The information recorded in the Acceptability Assessment Form provided valuable information to continuously improve the quality of the intervention. Overall acceptability of the intervention increased over time. Most of the suggestions for improvement occurred during the first 4 weeks of implementation. After adjusting the program based on their suggestions, acceptance, and positive feedback were expressed by all CHAs and supervisors. Evaluation of acceptability by the caregivers revealed that the families found the home visits to be more appealing with the CHEST App. Caregivers, children, and other family members became more interested and attentive during the home visit than before. The CHEST App made the caregivers feel more confident in the information the CHA presented and could more easily understand the messages.

The suggestions gathered during the acceptability assessments provided opportunities to improve the quality of the intervention. The team synthesized the requests for changes and adjusted the CHEST App when appropriate. A change was made to the App because some communities were not able to upload the data from the tablet to the server due to insecure assess to cell phone data. The developers added to the CHEST App the ability to transfer data directly from the tablet to a local computer with a cable. By adding a direct transfer function, the program coordinators were able to extract the data as they needed, without cell phone signal or direct assistance from the implementation team. Additionally, a function to erase a case/child from the caseload was added to the CHEST App interface. The CHAs expressed the need for the function due to children frequently aging out of their program or moving away. The CHAs needed the ability to delete cases without the assistance of the implementation team. The solution seemed obvious once the CHAs explained the need, however, the problem did not occur to the design team until then.



Full Implementation Stage: Program Integration

Once a high level of acceptability, adoption, and fidelity were reached and maintained, the program began the full implementation stage. After 10 months of implementation support, the intervention was operating with 100% adoption across all active CHA programs involved in the pilot. When a CHA conducted a home visit, they used their CHEST App. Also, acceptability and fidelity were high, and supervisors continued fidelity checks and quality improvement efforts without outside support. One community canceled their CHA program, and thus stopped using the CHEST App. The municipality canceled support for the program due to budget restrictions. They anticipate re-activating the program in the coming months. This is an important detail when assessing sustainability of the intervention when implemented at the district level.

After 10 months, the research team ended their monthly visits to the communities. The CHAs and supervisors did not need ongoing training outside of their own local support. Elementos was able to scale-back resources (staff and travel expenses) invested to support the CHEST App program on the ground. However, Elementos was not yet able to stop all involvement in the programs. The supervisors in three of the communities were not yet able to upload, download, organize, and interpret the data obtained with the CHEST App. A member of the implementation team continued communication with the supervisors of each program to assist with the task of data management. On a monthly basis, the supervisors connected the tablets to a cell phone hot spot or directly to a computer to upload the data to the server. They signaled to the team at Elementos that new data was uploaded. At Elementos, the data was then downloaded and organized in a user-friendly report and sent back to the supervisors. The supervisors then shared the report with the municipality and local health post.

To determine if the CHEST App program (intervention and implementation process) is cost-effective and should be sustained and scaled, an evaluation of the process and impact is needed. Follow-up surveys were planned to be conducted and compared to baseline to determine impact after 12 months of operation. The follow-up surveys were delayed due to the COVID-19 pandemic, still pending at the time of writing this manuscript.

Assessment will include measurement of the performance of the CHAs, knowledge evaluations, and surveys of household practices to measure the impact of the CHEST App on CHAs and caregivers. The improvements in knowledge and practices of caregivers are expected to reduce anemia, reduce chronic malnutrition, and increase early childhood development scores.

Sustainability of the intervention has been measured by tracking the adoption and fidelity scores over time. Both adoption and fidelity were high during the first phase of implementation and has maintained after external support from the research team was withdrawn. Sustainability will be tracked for an additional year to ensure the intervention can be further maintained before scaling. An important component to assess sustainability of the intervention is the cost. The primary expense of the CHEST App intervention is the cost of the tablets. For the pilot project, the tablets were provided by Elementos. The municipalities committed to buying new tablets for the intervention to scale to additional communities in their district and to replace old tablets as they become unusable. Their commitment to dedicate sufficient budget to the CHA program to buy tablets is necessary for the intervention to be sustained. Therefore, sustainability of the program is determined by state actors, and not outside support or funding. The program is expected to be continued as long as child health and development remain a top priority.

The CHA program with the CHEST App is expected to be scaled to additional districts and regions of Peru once sustainability is confirmed. The intervention and implementation process were created so they can be replicated and expanded without a decrease in impact (voltage drop) (65). Training CHAs in new communities can be done with trainers of relatively low expertise. The CHA leaders of past intervention communities can take a lead role in training new communities. The data support can be conducted by a central supporting agency, such as the regional ministry of health or a non-governmental organization. Each municipality can manage the supervision and evaluation of adoption and fidelity. Therefore, the program can replicate with little additional cost and demand for outside support.

The educational material that is included in the CHEST App was created to match the reality of the Amazon region. The food sources, infections, sanitation challenges, etc., matches the experience of Amazonian communities. To scale the program, the educational material will need to be adapted to match the diverse contexts in Peru, such as the high mountains and coastal plains, and include messages in local languages. With the CHEST App, modifying the material to match the local reality is feasible and economical. Once the material is developed and translated, it can be uploaded to the tablets remotely. Additionally, new educational material can be added to the CHEST App as the program advances or to match diverse health challenges that arise. The updates can be distributed without purchase or deliver of new material, only adjust the app's code and connect the tablets.




DISCUSSION

This is the first study to examine the use of the AIF to analyze and report on the implementation process of a global health intervention for child health and development. By reporting on the process, the reader can learn about the implementation context in the Amazon of Peru and how the tool can be applied to analytically assess key components of implementation. The AIF guided the research team to focus on important components of implementation, thus further dedicating resources and analytical consideration during implementation to increase probability of successful of the intervention. The key components of the implementation process included information gathering to conduct improvement cycles, the implementation outcomes (fidelity, acceptability, adoption) to monitor progress and sustainability, and training for continuous quality improvement. Analyzing the various components gave great insight into the behavior of the participants and local system. Understanding the perspectives and behaviors of the providers, end users, and program coordinators on the ground is a valuable part of the implementation science approach, and essential to create long-lasting behavior change (66).

The CHEST App innovation and the implementation strategy went through several adaptations to better fit with the local context. The implementation science approach was extremely beneficial to guide the multiple design iterations and rapid-cycle problem solving. The results were greatly improved promotional material, app design, and implementation process.

It is important that researchers specify and report on the process used to design, adapt, and implement an intervention (5). Details of the implementation process are needed for others to evaluate, replicate, improve, and scale the intervention (6, 13). This study reports on the implementation process and key components that were assessed during the design and implementation of the intervention. The Consolidated Advice on Reporting ECD guidelines (C.A.R.E guidelines) describe which implementation components should be reporting when conducting implementation research on early childhood development interventions (13). This study reports on those components, including previous evidence of intervention, rational, context of implementation, description of recipients, adaptations that occurred, personnel, methods to assess fidelity, and others. An additional study will be published following the final evaluation of the CHEST App intervention that reports on process and clinical.



CONCLUSIONS

The study contributes to the knowledge base by demonstrating how an implementation tool can be applied in practice in global health. The scientific community has indicated the need for greater reporting on the delivery of public health interventions, especially those in global health (1–6). Activities conducted during the design, implementation, and evaluation of an intervention should be reported so the scientific community can learn what works and what does not. This study provides information on the implementation of a child health and development intervention in a community-based setting. The CHEST App intervention was analyzed and reported through the lens of the AIF. The AIF assisted the research team to consider components of implementation that are often neglected, such as choosing the right solutions that fits local context, information gathering for data driven decision making and adaptations, and monitoring implementation outcomes. The analysis and activities that took place during each stage of implementation are described so others implementing a similar intervention can reflect on the experience and improve their own implementation process. This report contributes to the pool of knowledge needed to improve impact and scale of global health, community-based interventions.



DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data can be found here: https://figshare.com/articles/Indiana_Resultados_xlsx/12056100/1.



ETHICS STATEMENT

The investigation was approved by the Institutional Ethics Committee of the National Hospital San Bartolomé in Peru on November 8, 2018 (Exp. Number 15 463–18, Oficio N. 0744–2018- OADI- HONADOMANI- SB). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

CW was involved in the design, implementation, data collection, data analysis, and writing of the manuscript. WF was involved in the analysis and writing of the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

Project undertaken with the financial support of a grant from Saving Brains, Grand Challenges Canada and the Government of Canada, through Global Affairs Canada (GAC). Project made possible with the administrative and research support of Elementos and funding from Grand Challenges Canada, Saving Brains Grant.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2020.00411/full#supplementary-material

Appendix 1. Theory of Change of CHEST App.

Appendix 2. The Hexagon Exploration Tool.



FOOTNOTE

1Tools | CHW Central. Available online at: https://www.chwcentral.org/resources-types/tools (accessed December 18, 2019).
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Study Design: We used Sign-significant relations (S-S) to assess the developmental characteristics of 1- to 4-year-old children with language delays in Zhejiang Province and to provide scientific basis for early clinical detection and comprehensive intervention.

Methods: A total of 1,113 children among the ages of 1 and 4 who complained of poor language skills were assessed in language competence using S-S. These children diagnosed with language delays were divided into six groups, with each group having an age difference of 6 months. The developmental characteristics of each group were described and analyzed.

Results: (1) Children from the age of 18 to 36 months were most likely to be affected by language problems, while boys were more susceptible than girls in each group. (2) There was no significant difference in the proportion of children with poor communication attitude among the groups. (3) The older the group, the higher the proportion of basic learning ability abnormality. The cutoff age for qualitative leap in the proportion of basic learning abilities was 2 years old. (4) With the increase of age, the proportion of abnormal language comprehension in each group increased gradually. The cutoff age for qualitative leap in the proportion of language comprehension was 1.5 and 2 years old.

Conclusion: Language delays usually occur in children around the age of two, and as the children get older, in addition to expression of language abilities, they are more likely to have abnormal language comprehensive abilities and abnormal basic learning abilities. Based on the clinical research, we must take seriously the early screenings for this age group and conduct intervention training as soon as possible.

Keywords: language delay, children, Sign-significant relations (S-S), developmental characteristics, China


INTRODUCTION

Language delay in young children is a very common developmental problem. The peak of this disease is around 2 years old, and the incidence rate abroad is about 15% (1, 2). Since language delay can be an indicator of several neurodevelopmental problems, it should be taken seriously. Language delay will not only seriously affect children's language comprehension and expression abilities, but also affect their social adaptability, cognitive ability, communicative ability, and other behavioral developments to a certain extent. Later in their life, children often face many difficulties in cognition, reading, writing and calculation, which seriously affect their neuropsychological development (3–5). Consequently, there is a great need for guidelines to deal with this prevalent problem (6).

Early language development in infants is an important part of children's neuropsychological development. Early detection and intervention in this stage will greatly reduce the short-term and long-term adverse effects of language dysplasia on children (7, 8). In this research, children from the ages of 1 to 4 who come to language specialists of the author's hospital with language development delay were evaluated by Sign-significant relations (S-S). This allowed doctors to analyze the comprehensive and expressive language abilities as well as non-verbal cognitive abilities of children at different ages, and to understand the developmental characteristics of children with language delays in different time periods, and provide scientific basis for the early detection and comprehensive intervention of children with language delay.



MATERIALS AND METHODS


Research Design and Study Sample

A total of 1,113 children with language delay who sought treatment in the author's hospital between January 2018 and December 2019 were selected for this research. These children were assessed in language competence using S-S. The developmental characteristics were described and analyzed by this assessment. Language development delay was defined when the result of one's language expression ability age is lower than one's actual age or both language expression and language comprehension ability age are lower than one's actual age. After being assessed by S-S and other relevant inspections, 17 children with normal expression abilities, nine children with hearing impairment (9), seven children with mental retardation, and three children with congenital genetic diseases were excluded. This resulted in a total of 1,077 children (857 males and 220 females) with abnormal language expression abilities included for the analysis of this study. The children were divided into six groups according to their ages: 67 cases were between 1 and 1.5 years old, 346 cases were between 1.5 and 2 years old, 392 cases were between 2 and 2.5 years old, 181 cases were between 2.5 and 3 years old, 58 cases were between 3 and 3.5 years old, and 33 cases were between 3.5 and 4 years old.



Assessment

S-S is an assessment method for diagnosing language delay, which can also describe developmental characteristics of children. The S-S method is suitable for children with Language retardation caused by various reasons from 1 to 6.5 years old. S-S was developed by the Speech Committee of the Japanese Phonetics and Speech Medical Association. This technique was standardized by the Language Department of China Rehabilitation Research Center based on the Chinese language system. The S-S results include language comprehension, language expression, basic learning ability, and attitude of communication. The ability of language comprehension usually refers to “listening comprehension.” The ability of language expression is the language symbol, which usually refers to “what to say.” Basic learning ability refers to the visual and auditory discrimination, memory, and reproduction. Communication attitude refers to the daily communication and willingness to communicate. The results of S-S should be compared with the actual age stage. If the result is lower than the actual age, the abnormal results of corresponding items can be defined.



Statistical Analysis

The SPSS 20.0 statistical software was used to analyze the data. The data in this study were qualitative. Therefore, the chi-square test was used for comparison. The difference was statistically significant with P < 0.05. The difference was statistically significant with P < 0.05/6 between the two groups of six different ages. When pairwise comparison was conducted among multiple groups, the test level was as follows P < 0.05/N (where N was the required test times). There were six pairwise comparisons among the four groups in this study; therefore, P < 0.05/6.




RESULTS


The Relationship Among Age, Gender, and Language Delay

Children with language underdevelopment problems usually started seeking treatment from 12 months old. In the early stages, cases were directly proportional to the children's ages. The trend began to decline after the age of 2.5 years old. The number of cases was highest in the 1.5–2, 2–2.5, and 2.5–3 age groups. In all the cases, boys were in the majority (857 boys and 220 girls). In each age group, boys also accounted for the majority, and the proportion of boys and girls had no difference between each group (χ2 = 8.726a, P = 0.120) (Table 1). Therefore, the comparison results between boys and girls in below-mentioned other projects will not be listed separately.


Table 1. The relationship between age, sex, and language development disorder in children (n, %).
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S-S Was Used to Evaluate the Performance Characteristics of Each Item in Different Age Groups (Table 2)

According to the distribution of various ability characteristics of each group, the percentage of abnormal language expression in each group was 100%, all the children in the study group had abnormal language expression abilities. Hence, it was not necessary to compare the differences among the six groups.


Table 2. Communication attitudes, basic learning ability, language comprehension ability, and language expression ability among each age group.

[image: Table 2]

The second most common abnormality was language comprehension in each group. There were differences in the proportion of children with abnormal language comprehension among the six groups (χ2 = 95.147a, P = 0.000). The data showed that with the increase of age, the proportion of abnormal language comprehension in the group increased gradually. Through the comparison between the two adjacent groups, it was found that the most significant difference between components was the 1- to 1.5-year-old group and the 1.5- to 2-year-old group, the 1.5- to 2-year-old group, and the 2- to 2.5-year-old group (χ2 = 8.872a, P = 0.003; χ2 = 32.484a, P = 0.000). The difference was statistically significant. It can be seen that the cutoff age of qualitative leap in the proportion of people with abnormal language comprehension ability is 1.5 and 2 years old (Figure 1).


[image: Figure 1]
FIGURE 1. Difference in communication attitudes among different age groups (n, %).


The third highest proportion of abnormality was abnormal basic learning abilities in each group. There were differences in the proportion of children with abnormal basic learning abilities among the six groups (χ2 = 156.575a, P = 0.000). The data showed that with the increase of age, the proportion of basic learning ability abnormalities increased. From the beginning, the number of normal basic learning abilities in each group was more than that of the abnormal ones, but after the age of two, there was a reversal. The number of abnormal basic learning abilities was more than that of the normal ones, and the gap was growing. Through the comparison between the two adjacent groups, it was found that the most significant difference between components was the 1.5- to 2-year-old group and the 2- to 2.5-year-old group (χ2 = 63.23a, P = 0.000). The difference was statistically significant. It can be seen that the cutoff age of qualitative leap in the proportion of abnormal action subjects is 2 years old (Figure 2).


[image: Figure 2]
FIGURE 2. Difference in basic learning ability among different age groups (n, %). *There were significant differences between the representative groups.


In each group, the most abnormal communication was in the minority. Each age group had a different proportion of poor communicators. However, there was no specific difference in the proportion of poor and good communication attitudes between each group (χ2 = 9.622a, P = 0.087) (Figure 3).


[image: Figure 3]
FIGURE 3. Difference in language comprehension among different age groups (n, %). *There were significant differences between the representative groups.





DISCUSSION


The Relationship Among Age, Gender, and Children's Language Delay

Language delay, which is a common developmental problem, is most prominent in children of 2 years old. Children's congenital factors and acquired language environment will both affect the occurrence and development of language delay and have a certain impact on their neuropsychological development (10). The first 3 years after birth are the critical period for children's brain development. The critical period for the development of intuitive action thinking to specific image thinking is also 2–3 years old. Therefore, this is also an important period for children's oral language development and social interaction learning (11). This study shows that the incidence of language delay in children around the age of two is the highest, which is consistent with the highest incidence in foreign countries (1, 2, 12). At the same time, most of the children with language delay, regardless of their age, are boys, which is also consistent with the foreign studies (13). Male children have a high incidence of language delay, and the reasons may be due to the slow maturation of the central nervous system in boys and the influence of testosterone (14). Testosterone can prevent cell death and make it difficult to connect the appropriate language center (15). Although there was no significant difference among the six age groups, the proportion of boys in the 1- to 1.5-year-old group was lower than that in the other five groups. It may be because that language lag may also occur in girls between 1 and 1.5 years of age, but in the later stage, girl's language ability will be improved faster than boys. A small part among them can catch up with the normal level, so the gap between boys and girls in the later stage is obvious (16).



The Developmental Characteristics of Children in Different Ages From S-S

Language delay includes two parts: language comprehension and language expression. S-S can evaluate the language development level of children over 1 year old. It mainly evaluates the language development of children from four aspects: basic learning ability, comprehension ability, expression ability, and communication attitude. It can reflect the differences of children's language comprehension and expression, as well as the evaluation and observation of basic learning ability and communication attitude.

All the participants in this study were accompanied by abnormal language expression, so abnormal language expression ability was not analyzed separately. There is a certain proportion of poor communication attitude in each age group, but there is no obvious correlation with age. As they get older, the proportion of children with language delays with abnormal basic learning abilities and comprehension abilities increases gradually, and the proportion of children with abnormal basic learning abilities reversed after the age of two, which is the cutoff age of qualitative leap. At the same time, the cutoff age of qualitative leap in the proportion of people with abnormal language comprehension abilities is 1.5 and 2 years old. It can be seen that the younger the age is, the higher proportion the pure abnormal language expression is. However, after the age of two, the possibility of abnormal language expression combining with other problems peaks, and it is more likely to be complicated with other developmental disorders (17). All of these suggest that both families and hospitals should understand the development characteristics of children with language delay in different age groups and correctly establish an awareness of prevention, so that we can detect children with language delay in the early stage, and do a comprehensive intervention to avoid delaying treatment (12, 18, 19).

However, some limitations should be noted. First, references related to the S-S are scarce, so the theoretical basis of the research will be relatively inadequate. However, on the other hand, this provided a new direction of exploration. Second, S-S is not only an evaluation method, so it can also be used to guide the training according to the results. In addition to a horizontal description, we can also conduct a vertical cohort study, so that our next step is to evaluate the changes in the developmental characteristics of the child after the assessment and intervention by S-S, in order to further illustrate the usefulness of this method.

Clinical data show that the incidence of language delay in children is not low, and there is a growing trend with the development of modern media. The critical time to discover language delay is when the child is around 2 years old, but children's early language development problems do not receive proper attention due to the traditional concept of “the noble speaks later” and the normal comprehensive ability of some children in early childhood (20, 21). At the same time, most parents are not sensitive enough to children's language comprehensive abilities and not attentive enough to language expression abilities, so they may not be able to detect and intervene early (22, 23). In this regard, attention should be paid to the characteristics of language development and intelligent development of infants around 2 years old. Medical staff should properly educate parents on the health of their children; they should also introduce the stages, characteristics, and poor performance characteristics of children's language ability development (24), so that parents can detect the child's language delay in the first place and seek professional help and receive relevant intervention treatment as soon as possible, thus reducing the incidence of language delay with other developmental disorders.
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Introduction: Fathers' involvement in care and early initiation of cognitive development activities have a positive impact on a child's social-behavioral, cognitive-academic and emotional-psychological development. This research study, conducted in Tamil Nadu in south India (2017–19), employed a Cluster Randomized Trial to test the impact of techno-social innovations in improving the involvement of fathers in child-care on child development outcomes. Qualitative studies were used to inform the trial and provide insights into pathways of change.

Objective: This paper discusses the design, implementation and results of the study through the monitoring, evaluation and learning (MEL) framework to provide an understanding of the perceptions among parents and service providers surrounding early child development, the adaptations and learnings through the intervention period, and changes that were brought about through the intervention.

Methods: The study was at a Proof of Concept stage, and the primary learning objective was to keep the learning process going through the period of the study, as well as obtain evidence to inform future model development. The measurement for change process in the study occurred in three distinct yet interconnected stages. In the first stage, the program was planned, and the design was refined for both the implementation and evaluation of the project. The next stage was the actual implementation: with a learning loop during the execution of the main intervention. The third stage was intended to reflect on the adaptations and pathways to change through the project period and collate evidence for model refinement.

Results and Discussion: The data collected from the formative research was used to design, develop and implement the intervention. Lessons in coordination with the government program not only brought policy visibility, access to secondary data, and enabled field research, but also provided access to a workforce with immense field knowledge and presence in the rural underserved population. In order to continuously inform the implementation process of the intervention, the feedback loops allowed for adaptions to be made at each stage. The findings provide insights for programming early childhood development interventions, especially interventions regarding improving father's involvement in child-care, and ways to leverage evidence in these interventions.

Keywords: child development, father involvement in childcare, monitoring, evaluation and learning (MEL), measurement for change, norm change, early childhood development (ECD)


INTRODUCTION

The first 3 years of a child's life is a period when substantial brain development occurs, and, therefore, this is a crucial time to build children's capacities through experiences and interactions (1, 2). Higher involvement of fathers in parenting has a role in improving all forms of human capacities, including cognitive-academic (3–6), social-behavioral (5, 6) and emotional-psychological development (7). However, in many countries, mothers remain as the predominant caretakers. Work continues to be the dominant part of a man's life, and the role of a father as a caregiver is seen as ancillary. Such negative perceptions toward fathers' involvement can also be fostered by mothers, a concept known as Maternal Gatekeeping (8), or by child development service providers, largely known as a “Culture of Maternalization.”

Fathers' involvement is a multidimensional concept (9, 10), with an interplay of several factors like parental relationship, physical presence, residential/non-residential fathers and socio-economic factors (11). A major reason for the minimal participation of men in child-care is deeply ingrained traditional gender roles as well as norms and responsibilities, which pardon absent or uninvolved fathers (12). Often, fathers tend to play with the child rather than involve in higher degree care activities that “undo gender norms,” such as cooking and bathing the child (13). Fathers may find it hard to keep up with the changing requirements of the baby due to their work roles—while mothers are presumed to be naturally knowledgeable on parenting (14, 15). In order to modify behaviors, it is essential to understand the origins of particular beliefs as local norms often constitute barriers to change (16). By targeting key factors, father involvement and the resulting outcomes can be modified to promote the desired behaviors—resulting in norm change.

The Integrated Child Development Services program (ICDS), is the flagship child development scheme of the Government of India. For children within the 0–3 years' age group, the program focuses on cure, nutrition, and prevention, and is yet to integrate aspects of cognitive development. The program also hinges on the mother as the primary recipient of information and action. There has been no interventional research to evaluate the impact of fathers' involvement in child-care, and the resulting child developmental outcomes in the Indian context. Some studies demonstrate the patriarchal norms that restrict the nature of fathers' involvement (10) and deep-rooted attitudes and perceptions toward involvement (17).

The existing ICDS framework was supplemented with gender approaches and a techno-social innovation, with the intention to increase the involvement of fathers in child-care and evaluate the impact on child development. The intervention took place for 1 year and was incorporated into the ICDS outreach in Tamil Nadu. Beneficiaries of the intervention consisted of 700 children in the 0–3 years' age group and 1,400 parents predominately from low socio-economic status (SES) groups, as well as 57 Anganwadi workers (AWWs), government-based community workers, belonging to the identified Anganwadi centers (AWC), or public crèches, from the districts of Madurai and Dindigul in Tamil Nadu. There were two major components of the intervention strategy. One: using information technology to disseminate information to parents through the network of AWWs. This intervention was implemented through in-person outreach, which was strengthened through the use of computer tablets with an application called Arivu to provide tailored information, as well as electronic outreach through text messages on mobile-phones (Short Message Services, SMS) which provided targeted information on early stimulation, parenting, the involvement of fathers, and nutrition. Two: increasing the involvement of fathers in child-care by conducting regular fathers group meetings which involve selected father role models, using a calendar maintained by the mother, and providing incentives in the form of mobile phone credit.

Since this is a proof of concept study, and there are no studies addressing fathers' involvement in India, the study employed an initial exploratory phase before the trial. The aim was to explore factors that influence fathers' involvement in order to detail the implementation plan, monitor and document the implementation, and finally gather evidence of the impact through a rigorous trial. The monitoring, evaluation, and learning (MEL) occurred in three rounds: the primary round to develop the intervention, the second round to facilitate the intervention and ensure it runs effectively, and the final round of learnings to inform future model development in India. The results presented in this paper discuss the MEL system implemented in this intervention, along with the analysis of qualitative research methods adopted as a part of the impact study. Therefore, this paper seeks to understand how the climate of rural India's cultural, economic, and social beliefs shape paternal involvement in early childhood care among rural parents, how father-child dynamics have altered throughout the process, and how to strengthen father involvement interventions in the child development space.



MATERIALS AND METHODS

The measurement for change in this study occurred in three distinct yet interconnected stages. In the first stage, the program was planned, and the design was refined for both the implementation as well as the evaluation of the project. In the second stage, there was the actual implementation: with a learning loop during the execution of the main intervention, and the evaluation itself, which was left intact as it was a cluster randomized trial. The third stage was to reflect on the adaptations and pathways to change through the project period, and collate evidence for model refinement. The methods and processes adopted in each of the stages were as follows.


Stage I: Planning and Design

The main study was designed earlier, and was peer reviewed for funding by Grand Challenges Canada led by the Canadian Institutes of Health Research in December 2016. In the planning and design stage there were two main learning objectives. One was to arrive at strategies to design the implementation plan. Two was the conceptual framework of the importance of father involvement in child-care, and how behavior change can happen through the adoption of norm changing communication. Programming was then developed accordingly through literature review and study of other successful models. At this point the conceptual framework and the implementation framework (Figure 1) were to be refined with evidence from the ground.


[image: Figure 1]
FIGURE 1. Theory of change developed at the beginning of the project implementation.



Formative Study

The implementation model was initially refined through learnings generated from a formative qualitative study with the beneficiary groups in the intervention sites. The formative study was conducted in the two intervention districts, Madurai and Dindigul. Semi-structured interviews, Focus Group Discussions (FGD) and Key Informant Interviews (KII) were conducted with fathers, mothers, AWWs, and the district ICDS team over a period of 3 months from June to August 2017. KII were also conducted initially with the state heads of ICDS. These interviews along with the literature review and previous knowledge on the topic, led to the development of the initial categories and guidelines for the intervention modules.



Secondary Data Analysis

Secondary data available from the state ICDS department pertaining to the number of children and households available in the Madurai and Dindigul districts, the GIS coordinates for the AWC, and the staffing plan for the centers in the two districts were analyzed. The analysis of these three data sets was used to inform the project implementation plan and the intervention design. Secondary data analysis, including analysis of all the protocols in the state behavior change guidelines and communication products such as media, was conducted in order to inform content development for the intervention.




Stage II: Implementation of the Project

The project was implemented for 1 year (January to December 2018) in rural Tamil Nadu through the existing program of the state ICDS department. The impact evaluation was not a focus for change in itself, as no changes could be made to the intervention or control arms during the intervention to avoid any biases in the trial. Measurements for change and the learning loop, to incorporate evidence during this stage, was limited to the implementation of the intervention itself: core program monitoring for outputs and activities, and evidence on changes in some early secondary outcomes. As an ongoing process secondary data, guidelines, and discussions with the state program implementation was maintained in order to ensure congruence with the broader public program, in which the project was embedded in, and to ensure policy uptake. For this monthly implementation, updates were provided to the ICDS at the state and district levels.


Program Monitoring

Given that there were three strategies in intervention to reach the beneficiaries, our monitoring mechanism aimed to collect and analyze information regarding the efficacy of each of these strategies. Emergent learnings from the field from each strategy were used to innovate overcome challenges or improve the strategy in a consensual manner with discussions with the AWW in the districts, district program staff of ICDS, the project implementation staff and the research team, incorporating changes either in monthly meetings or immediately afterwards. Information was received using a combination of online data collection and monitoring supplemented by field level (on-ground) monitoring.


a) Technology innovation: tablet-based information sharing and outreach

The objective of monitoring was to understand how the tablet-based outreach is happening periodically and the quality of the outreach. This was done using data from the app, including GIS entries and monthly reviews on the process with AWW. There was also a process of triangulation with the entries of the mothers in the calendars.



b) Group mobilization: monthly father group meetings

The objective of the monitoring exercise was to document participation and use the information to ensure high participation in monthly father group meetings at the AWC. For collecting meeting status, the Anganwadi worker is required to validate, using the tablet application, whether the meeting was conducted on a given month and also record the participation of the fathers who are part of the program. This data was analyzed every month for coverage. To ensure quality, the project team and the AWW visited households together to understand why certain fathers were absent in the meeting, and if the schedule and content were acceptable.



c) Business innovation: performance-based mobile recharges for fathers

The objective here was to ensure that disbursement of incentives to fathers is happening at the planned intervals, and all fathers were receiving their monthly performance incentives. For this objective, the success rate of mobile recharges was analyzed on a monthly basis using quantitative data on monthly recharge status from the online platform used to disburse the recharges through an automatic process. This data was substantiated using random phone calls to verify and understand the causes of non-receipt.




Following Up on Secondary Intermediate Outcomes

The quality of fathers' involvement was captured through calendars by the mothers every month and these were collected by AWWs and digitized by project staff. The calendars provided a real-time update of fathers' involvement with their child in a household: through a quantitative scale as an objective measure of the time spent by the father, and a qualitative scale on the mother's perception of the quality of the time spent. This information was collated and analyzed every month.



Evaluation Trial

The evaluation of the impact of the project was performed through a Cluster Randomized Control Trial. Quantitative measurements were analyzed through a comparison of baseline and endline measures in intervention and control arms for the following indicators: child development metrics and anthropometrics, attitude and behavior related to fathers' involvement in child development activities among the parents, and knowledge on child development and attitude toward involving fathers in child-care among the community workers. A longitudinal case study among twenty families was planned, in order to observe changes in the family environment and understand processes of change.




Stage III: Model Refinement

For capturing learnings, refining the model for scale-up, and informing new model development, the objective was to document and collate what worked and how at the end of the project period. The evidence from the implementation strategies was collated using qualitative methods. Though the evidence from the impact evaluation was available and included insights from the qualitative studies, this was retained as a separate evidence piece to establish the impact of the interventions on primary child development outcomes. The evidence here pertains to program implementation and beneficiary engagement.

The longitudinal case studies from seven families were analyzed in an interpretive thematic exploration to look at SES of families, education and job profile of parents, availability of care support, and aspects of father involvement. Father involvement has two aspects; one, scoring of father involvement from the quantitative surveys based upon participation in physical-biological, cognitive and socio-emotional caregiving. Two, the frequency and consistency of father involvement, measured by quantity and quality of time spent, from the mother's calendar. These were interpreted against development gains of the child, in the year of the intervention. By the endline, data was available from seven families. Focus group discussions were conducted with fathers, mothers and AWW in March 2019 during the endline data collection.

The implementation framework was made operational through designing the implementation plan, including the monthly plans for father's meetings, outreach content and guidelines. The business model to provide incentives to fathers was also planned. In keeping with the ethical treatment of subjects, at the end of the study, the control group was given the information available through the study. Workshops were conducted with the parents and AWWs in the control areas to provide the information on the modules on child development, cognitive development, child-care and parenting. Pamphlets, printed mobile messages, activities conducted during the fathers' group meetings, and any other study material developed for the intervention were made available to the control group through the AWWs of these areas. The study protocol and tools, including consent processes, were reviewed and approved by IFMR Human Subjects Committee (dated September 26, 2017). Written informed consent to participate in the study was provided by all parents who participated in the evaluation study and who were a part of the intervention. The formative study on general norms on parenting in the villages was done with informed oral consent. The parents for the FGDs were invited to the discussion after they were informed in advance about the purpose of the study. We also had informed oral consent for KIIs with the government officials who are our intervention partners.




RESULTS

The data collected from the formative and qualitative work was used to design, develop and implement the intervention. In order to continuously inform the implementation process of the intervention, the feedback loops allowed for adaptions to be made at each stage.


Stage I


Partnership Development

Across the hierarchy, there was engagement from the very beginning with officials and workers from the ICDS Department, which is responsible for running the Anganwadi centers in the state. Close coordination with the government program not only brought policy visibility and reach into the community, but it also enabled access to secondary data and information. The partnership enabled formative studies to be conducted, piloting of various tools, and completion of the surveys.



Learnings

The engagement had formal procedures to seek inputs and data, and reporting channels through emails, presentations and submission of monthly reports in hard and soft copies. While these procedures added some amount of administrative burden, they also afforded access to the immense field knowledge and presence of the ICDS Department, which is crucial in reaching out to the rural underserved population in India. The relationship had to be built on a personal basis at every level and had to be reinforced when each official was transferred. The coordination also had to be particularly responsive at the district and block level to implement the field plans effectively.



Formative Studies

The formative assessment contributed to the MEL process by deepening an understanding of the community and its prevailing norms. In order to facilitate norm change, it is essential that along with understanding the innate and intrinsic norms of a community, the factors and facilitators of change are identified (16). The important takeaways from the research that were useful for designing the intervention were regarding three aspects:


Fathers are important figureheads

Fathers were perceived to be important as figureheads, and practical aspects of their involvement with the care of young babies is not the prevailing cultural norm. Fathers did not consider it their duty to take care of their child or participate in daily caregiving chores and were of the view that their time after work should be dedicated to de-stressing instead of taking care of children.

Mothers comply with this notion and believe that disturbing fathers may affect the household income. Some fathers even expressed difficulty in admitting they helped with the child. This is strongly indicative of the societal pressure felt by fathers to adhere to established gender norms.

“As a father, my main responsibility is to earn for the family so I cannot do all the work a woman does. Activities like feeding, bathing, healthcare, and cleaning are taken care of by my wife since she is at home and has more time. This is how we were raised.” (Father)

Fathers' occupations often kept them away from the family and the child for many hours in the day. However, very few families identified this as the reason for the high involvement of the mother in their child's lives. The division seems to be motivated by gender norms more than its economic value. Fathers are expected to be busy in earning for the household, and not get involved with their child's day-to-day needs.

We are following the same practices we have seen and learned from our elders/parents and follow societal guidelines; maybe as per the economic conditions the products we give to our kids may vary, but otherwise, it is all the same. (Mother)

The women primarily take care of the home and child or engage in part-time work. Due to this, they have much more time to devote to child-care duties. The importance of the father's role as provider and breadwinner overshadowed their role in providing care in that there was not only less responsibility in taking care of children, but also entitlement for rest hours. These were all prevalent norms in the community that needed to be altered through the intervention, as a means of promoting father involvement.



Learnings

The modules and the Arivu App encouraged the idea of the family as a unit for providing care for the child. Given that the prosperity and better future of the family was a common goal, both parents should be contributors to the development of their child. All fathers wanted to provide their children with a better future and were willing to make the necessary changes in order to improve their educational outcomes. Therefore, norm change was targeted by using education as a motivational factor. However, fathers initially prioritized that their child become a doctor or engineer, and this was another aspect that was factored into the modules. The modules incorporated lessons on how parents need to be proud of their child's achievements regardless of the path they take. Some fathers felt that incentives for involvement were unnecessary as it was their duty to provide for the kid. Thus, the component of incentives was introduced more as a way to encourage fathers and for them to monitor their own change in involvement, and therefore was kept as a minimal amount of money.



Health and safety as care for young babies

For young babies, child-care needs were perceived to encompass meeting health and nutrition needs, as well as ensuring safety. Engagement with the child and encouragement for child development and growth activities were not perceived as important aspects of the care domain.

“At this age, a child needs complete monitoring and attention for each and every need. This depends on the parents, as they have to be careful and watch the child always. The children do not know what is good or bad, what to eat and what not to eat, and while playing someone should definitely be here to watch them and ensure they don't get hurt.” (Father)

When asked to identify the basic needs of a child, parents primarily focused on healthy food, cleanliness, and affection.

“Children depend on us for all of their needs, and it is our responsibility to provide them with a prosperous life. Food, healthcare, and teaching good habits are the most important things that need to be taken care of at this time.” (Mother)

There was a general perception that parents in the current generation are much more involved in the parenting process, as compared to the previous generation. Since the structure of families has changed, and with nuclear families becoming the norm, parents are responsible for all care-related activities. Therefore, the need for nurturing emotional bonding and the idea of the family as a unit for care were incorporated into the intervention modules.



Learnings

The concept of early child cognitive development initiation was incorporated in the App module. The parents, as well as the grandparents, have been depicted as important partners in the development journey of the child. The content of the modules, as well as the App, incorporated popular forms of engagement with the child such as pointing out daily objects, birds, and singing to the child in easy and common local songs. The aspirations that the parents had for their children were shown as achievable through early interventions along with sustained involvement and encouragement of the child in all aspects. Safety, health and nutrition were retained as an important part of the communication products, as these aspects were an existing part of the ICDS intervention, and are an essential component of the care paradigm as understood by the parents.



Fathering as “supplementary” and maternal gatekeeping

The fathers were viewed as helpers and subsidiary fillers in providing care for young babies, and not as responsible caregivers. This perception prevailed among fathers, mothers, other community members as well as the AWWs themselves. These beliefs stem from established societal beliefs that women are more sensitive toward children and instinctively better at taking care of them.

“I would say that I am only helping; in general, mothers have the most interaction with the child, and so fathers help when possible. We help by playing with the child or taking them out, but mothers take care of all other needs, since we are stressed with work duties.” (Father)

Fathers in the study sample mentioned that they were not taught to take care of children, as it is not a topic discussed between men, whereas their wives often receive advice from their mothers. They also believe mothers are natural at child-care and will be able to handle most situations more appropriately. The mother's breastfeeding role was also seen as imparting them with abilities to be the primary natural caregiver.

“I would say women know how to raise kids and can do it in a much better way because their mothers teach them these skills. We are not used to this, so we should let them handle it.” (Father) “In terms of child-care the mother's involvement is more important than the fathers. Us men are not taught how to engage in child-care, and mothers will naturally have these skills. By nature, we are limited.” (Father)

The fathers thus had poor confidence in their ability to take care of their babies. They also felt their child would not respond well to them even if they attempt to provide care.

“Mothers start taking care of the baby as soon as it is born and get used to handling it, but for us, it will take a minimum of one month to start handling the baby. When they are too young, it is difficult to carry the child because we worry they may get hurt.” (Father)

Mothers attend to the child's needs, such as feeding, bathing, cleaning, putting to sleep, talking, and playing with the child. They also take the child to the AWC for growth monitoring and to collect nutritional supplements.



Learnings

There was a need to address maternal gate-keeping attitudes, fathers' lack of confidence, as well as the community workers' own perceptions regarding gendered roles. Consequently, all of these aspects were addressed in the project in order to bring about a sustainable change. For the AWW trainings, the workshop modules addressed gender roles of providing care for young babies, mothers' need for rest after household chores as being equally important to fathers need for rest after paid work, and the need for exclusive time for engaging in breastfeeding as an important precursor for child health and development.

For the mothers, there was a need to engage them as a facilitator of fathers' involvement, which would in turn ensure that her gate-keeping role was reduced, and as a documenter of change, again to facilitate their involvement and nurture a sense of ownership in the project. The mothers were engaged by the AWW in an initial outreach campaign. The mothers' calendar was designed to be filled by the mothers, not only as a record of fathers' involvement, but also as a cue to action for fathers and mothers as facilitators. The calendars were to be collected every month by the AWW, and this provided the AWW an opportunity to enquire about the participation of both parents.

Self-efficacy and confidence in handling children also emerged as a critical finding from various fathers' responses about child-care practices in the household. Men felt under-confident about understanding and responding to child needs. This was especially the case when the child was distressed.

“When my baby cries for no reason, I hesitate and do not know what to do. My wife handles him better than me because she knows why he is crying, and immediately after she picks up the child, he stops crying.” (Father)

This important aspect was added to both the implementation strategy as well as the evaluation trial, as an essential indicator for evaluation. Fathers also mentioned that while they understand the need for their involvement in their child's care, they do not know how to get involved. They asked for practical tips on how they can aid in their child's development, and therefore, these were introduced in the modules. Suggestions were designed to be simple, cost-effective and doable using household products. For example, toy making was one of the activities in the module, and in some of the modules, the fathers were asked to bring their baby along for play sessions. The pictorial representation in the Arivu app showcased fathers involved in easy-to-do household chores, like hanging the clothes to dry, as well as those in which there were close interactions with the child, such as feeding them and involving in games.




Secondary Data Analysis

The secondary data sets available from the ICDS Department not only aided planning for both implementation and the research trial, but also guided the development of the training modules and materials.


Development of the communication materials

The communication products currently in use by the Department including posters, pamphlets, and stickers helped to ensure that all intervention material was congruent to the messaging and ideas of the state and were appropriate for the local context. The material provided had detailed meal plans in locally available food groups and songs in the local language, which were added to the communications modules during the development of the App. The final contents had additional content on father involvement and early childhood development added to the theme areas of the government communication.



The sampling design and adaptations

The manual records at the AWC were used as a guide to develop our sampling plan and intervention budget. We conducted house listing and pre-survey exercises to generate the actual sampling frame. This frame had fewer children compared to the manual lists, and the clusters and geography had to be doubled in order to reach the required sample of 1,400 children. This expanded the cluster sample from planned 60 to 117 AWC, from additional blocks that had to be covered by the listing and survey exercises to finalize the sampling frame. Though this meant loss of time and money, the house listing and pre-survey ensured that the primary survey team had to spend less time in identifying the children and households. Addition of clusters also increased the power of the CRT. But there were additional resource requirements, to cover the cost of the intervention.



The human resources planning

The Human Resources (HR) data set at the district level was useful for collecting the listing of the AWC that were manned by both a full-time AWW and a helper. From previous studies and the formative research for this study, it was found that AWWs are often overburdened with work and may find it difficult to implement the intervention without the help of the helper. Consequently, from a sampling frame of all the AWC in the selected blocks, the AWC that met the following practical and operational criteria were selected: the AWC is the main center and not a sub-center, and the center has the availability of an AWW and an Anganwadi helper. The technology augmented job-aids were designed to suit their particular requirements. Many of the workers had lower functional literacy despite the educational cutoffs for these posts. They also had limited time and patience to read and execute hard-copy manuals. Hence the tab design and the modules, designed in close coordination with ICDS and regular AWW trainers, were kept simple and largely pictorial. The design went through multiple iterations with the Department and AWW, and piloting in the community in order to ensure cultural and contextual suitability.




Stage II

The second loop, which was essentially the operations research and process monitoring, lead to learnings and adaptations of the implementation strategies. This process was implemented by the research team, who led the formative and summative assessments, the field team, who managed the oversight of the AWW, and finally the AWWs themselves who implemented these initiatives among the participants.


Working With an Existing Community Worker-Led Program

During the intervention period, three out of the 58 centers had a change in AWW due to maternity leave and retirement. These centers were identified in advance, and the new AWW were provided training before they were placed. Worker retention was, therefore not a significant issue in the intervention. Worker motivation, on the other hand, was a significant hurdle. There were delays in the submission of calendars and the father's meetings in some centers. The coverage of household outreach was at around 80% and varied across months and centers.

Since the AWWs were not intervention staff, it was difficult to monitor and provide supportive supervision. There were multiple constraints and limitations faced during the deployment of the calendar and App as monitoring tools. The intervention was led by AWWs and their own performance incentives in the intervention months were linked to the calendars and the App. The incentives were kept at nominal levels to counter this, yet they may have felt pressured to report target achievements. This issue was discussed in the regular review meetings and the importance of clean data for research purposes was emphasized –yet some noise persisted in the data.

Early engagement and ownership with the government from the top down was crucial. Leadership in government played a key role in motivating the AWWs. In addition, additional cash prizes for top performers were awarded by the respective District ICDS heads in quarterly district-level review meetings where all staff from the district participated. This produced positive results as more AWWs started actively responding to the field staff over the phone. Based on the data collected, specific AWCs were targeted to improve the performances through review meetings. Sometimes due to logistical difficulties, it was not possible for the AWW to conduct the outreach at the household. Hence they were allowed to complete the same in the AWC when the parent comes to collect supplements or drop or pick up their child from the crèche.




Flexible Scheduling and Programming

Many fathers were unable to attend the monthly meetings as they worked out of town. Therefore, modules had to be lumped together, and a cluster of 2–3 meetings were held once every few months. At other centers, fathers expressed that Sundays were their rest days and they would prefer the meetings to be held on weekday evenings. The groups had to be split into 2–3 monthly meetings for different father groups. Clubbing modules together brought about some loss of reliability in terms of monitoring data on attendance of father's meetings being captured through the App, because it captures meetings and not modules. Splitting up meetings created additional work burden for the AWW, but on the flipside, this also eliminated issues that resulted from fathers consuming alcohol on weekends. Hence, the project ensured to implement the necessary changes to the meetings, as suggested by the fathers at each center. This allowed for increased father attendance at meetings.

“A few of us work long days, work in different towns, or are lorry drivers who constantly travel. We usually don't even get Sundays off, and if we do that is the only day we get to rest. Because of this, we are unable to attend all the meetings and get involved with child-care to the extent that we would like.” (Father)

Practical and instructional elements of how an intervention surrounding father involvement can work were added based on learnings from Stage I and this was well-received by AWWs and fathers.

“We taught fathers how to make creative toys for their children using items at homes such as ribbons and dough. We would also recommend particular food items or snacks for the child. Whenever they follow one of my suggestions, they will either tell me or bring it to the next meeting to show me like excited school children.” (Anganwadi Worker)

The use of incentives had to be altered throughout the intervention to adjust for the needs of AWWs and fathers, along with the changing mobile networks. For instance, the initial mobile-recharge based incentives had to be replaced with cash and other mediums as the mobile-based landscape in India was changing throughout the duration of the intervention. Mobile-network companies began to introduce unlimited talk time plans which deemed the recharge incentives irrelevant. Fathers also stated they prefer cash or toys in place of the phone recharge incentives so they could give back to their children.

“This money came through my child, and so I do not want to profit from it. I believe it deserves to go to him because my main goal is to give him a better future.” (Father)

The initial objective was that the calendars would be used to generate the incentive amounts for each father, based on their performance in the previous month. However, the challenges led to time lags—resulting in fathers receiving the incentive for the month before. Another challenge is the timely and accurate digitization required for access to the data collected. Since the calendar was a hard copy, the data entry had to be done manually, and this was cumbersome and prone to errors. However, the calendar was very popular with the mothers and aided in the monitoring process as an effective cue to action.

“Our husbands constantly check the calendar now to see their progress and seem to be more invested in our child's brain development. My husband will continuously enquire if our child's height and weight measurement is normal, and if not what it should be. If our child's growth is below average, my husband will mention that the Anganwadi worker suggested that we buy a particular item and then will buy it the next day.” (Mother)



Exclusive Father's Meetings and Incursions by Mothers

During the early stages of the intervention, AWW workers found it difficult to communicate and engage with the fathers because of hesitation and shyness on both ends. It was difficult for the AWW to control ego-clashes between the fathers in terms of scheduling meetings. A few fathers were not cooperative and vocalized their disinterest in participating in “female tasks” and would avoid attending meetings using excuses. To counter this, the team encouraged both parents to attend the initial meetings and as the intervention progressed, the fathers' attendance picked up.

“I initially came to the meetings because I was curious and wanted to know what was being said to the fathers, but now I attend the meetings so that I can remind my husband about what he needs to do for our child and how he can help.” (Mother)

There were modules where both parents had to participate; the clubbing of modules led to many meetings requiring both parents to attend. The team tried to convince the mothers to come to meetings only when required so that fathers did not feel that the meeting was crowded by women. Some mothers attended the meetings to fill in for the father when they were unavailable. Others accompanied the fathers to encourage their participation. Consequently, some of the exclusive fathers' meetings had some mothers participating.

Overall, the mother's role had positive influences on the intervention. Mothers encouraged the fathers to attend meetings, and monitored this using the calendars. In some cases, they overshadowed the fathers in the meetings with their enthusiasm. Yet, the mothers were a support to the AWWs to network with fathers, and to conduct the meetings and improve attendance.



Some Learnings Did Not Channel Change

Not all learnings could be channeled to bring about change, such as cultural practices and consumption of alcohol. In the local culture, new mothers spend approximately the first 3 to 5 months at their maternal home in order to receive help with motherhood and child-care. This is an impediment in the way of early father-child bonding. As a consequence, when the mothers returned home, fathers did not have the confidence to handle their child, and believed that the mothers were more competent and should, therefore, care for the baby. This practice was limited to some households and also applied only to first pregnancies; yet, there was an intractable loss of time for very young babies.

Alcoholism was another major problem in the blocks. In some of the villages in particular, during most holidays the men would start drinking early in the morning and would either be absent from the meetings or would come to the meetings in an inebriated state. The AWWs also reported that it was often difficult to conduct the meetings on workday evenings as some of the fathers went out for drinking in the evenings. This challenge persisted throughout the intervention year, but was worse during festivals. After speaking with the fathers' multiple times, some fathers did start attending meetings in better states.

“Meetings are usually held on Sundays, which is when most men in the village drink. Fathers will both drink and skip the meeting entirely or, if they decide to attend the meeting, they will be a complete nuisance and distract everyone. They have no discipline or patience when they are in that state, making it a struggle for us to conduct the father meetings.” (Anganwadi worker)

The fathers tend to drink during their limited time at home, and thus reduced the amount of time available for bonding with the child. Mothers were also wary of fathers handling the children when they were intoxicated because they were anxious about the safety of the child. Alcohol consumption affected not only the time available for child-care, but also the father's attitude toward child-care and their self-confidence in engaging with the child. This was a persistent challenge in the intervention.

“When my husband is drunk, he does not want to handle the children as he is not confident, and I am also not comfortable with it.” (Mother)

Another challenge was posed by unreliable phone networks which disrupted communication with fathers and the disbursal of incentives. The closure of a mobile network operator, affected around 25% of the users in the treatment group, who stopped receiving the mobile messages. It took about a month to collect the fathers' new mobile numbers information as many fathers took time transitioning to new networks. Another issue was poor network connectivity in rural areas. Per SMS sent, only about 75–90% were received by the fathers. On phone-call backchecks, it was discovered that the fathers working in remote work locations on farms, quarries and similar locations had poor network connections, or kept their phones switched off to conserve charge. Fathers, especially who were less literate, did not read messages or found it difficult to differentiate these messages from advertisements. After initial runs, the intervention therefore adopted a strategy of scheduling timings and informing fathers about when to expect messages as well as how these messages look.




Stage III

While quantitative measures may be appropriate for measuring child outcomes, the identification of norms and norm change is best depicted through qualitative analyses. The empirical evidence from the CRT is being described in another article, which brings out the modest yet significant impact, in child development outcomes, among the children in the intervention group.

The nested qualitative longitudinal case study was used to observe changes in the family environment, in order to understand changes in time spent by parents with the child. From the data available from seven families, their SES, education, job profile of parents, availability of care support, and aspects of father involvement were interpreted against the child development gains of the child (Figure 2). The learnings brought out complex interdependencies of factors in individual child and family trajectories toward their path in child development goals.
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FIGURE 2. Mapping analysis from the case studies with families.



Interpretation

Variables like socio-economic status, parents' education, presence of supportive caregivers, parents' occupation and availability for child-care, along with intermediate outcome variables like father involvement and dietary diversity, determine child growth in terms of DMC III score and anthropometric indicators. Since these variables are all interrelated, they collectively impact the growth of a child.

Children who have grandparents providing supportive care tend to have better developmental outcomes, despite the unavailability of the father, as in the case of Child E. Socio-economic status mattered only in terms of mother's availability of time and her burden of caregiving. For instance, more-than-average educated mothers of children D, E, and F stayed home, while less-than-average educated mothers from low-income families like that of children G and E were employed as manual laborers. Moreover, enhanced engagement of fathers and involvement of grandparents can mitigate the shortcomings of poor socio-economic status, as noticed in child A where stunting was overcome. It was observed that in most children who were fed more than the minimum variety of food items, had no evidence of stunting, being underweight, and wasting, as noticed in children B, C, and D. However, children G and C, who were fed the required variety of food but were deprived of father involvement, educated mother and wealth, fared poorly in developmental milestones. Further, parents' involvement in child-care was important for growth, more so than their level of education, as observed from both the cases of children A and G.

These findings clearly depict how fathers' involvement is multi-factorial and multidimensional with several intertwining factors like parental relationship, physical presence, residential/non-residential fathers and socio-economic factors that might act as determinants in the final outcomes related to a child's development. Behavior change interventions work primarily through changes in perceptions and knowledge, which channel through these existing determinants.

The phenomenon of father involvement, as it changed during the intervention year, can be explained by its three aspects, namely interaction, availability and responsibility. In multiple scenarios, it was observed that the intervention had enhanced the behavior of fathers toward their wards. These were the findings from the endline interactions with parents and AWW.



Availability

As per the advice of the AWW, fathers started to observe their children more and have learned the correct way to behave with them. Fathers are more comfortable with their child now as they have more confidence in handling varied situations.

“Though it was initially a struggle for the fathers to attend the meetings, it started to become a routine for them, and they would attend every weekend because they became used to it. Now they are genuinely interested in the information presented as they realized it is benefiting none other than their own children.” (Anganwadi worker)

In multiple scenarios, it was observed that the intervention had enhanced the behavior of fathers toward their wards. Despite working in manual-labor intensive positions such as the agriculture field or factory industry, where the hours are long and breaks are minimal, fathers have begun to spend time with their children during their breaks—even if they are tired after work. Some fathers even set aside an entire day once a week, during their off days, for their children.



Responsibility

Both parents were supportive of their children and made efforts toward rectifying the mistakes they believed their own parents made. Fathers spoke about wanting to give their children a better future and provide them with opportunities not available to them. Fathers are also very involved in checking their progress as well as their child's growth and development.

“I used to think that children are a mother's responsibility because that is how it was when I was growing up. But now through the meetings and messages, I know that men are equally responsible.” (Father)

The fathers regularly bring their child to the AWC for their height and weight measurement check-ups and are interested in comparing their child's improvement from the previous month. Through the course of the intervention, both mothers and fathers perceived the importance of cultivating paternal relationships in early childhood, and the prominent role fathers play in a child's life.



Interactions

Fathers also tended to teach their children educational lessons such as colors or the alphabet and help them with their drawings when they notice their children attempting to grab pens and scribble. This is an improvement to the previous situation where fathers would only play cellular-phone games with their children. Once fathers realized they have a direct impact on their child's well-being, fathers took household tasks and child-care duties more seriously. They have begun to take their children out on walks, play with them, feed them, and even dress/bathe them if needed. At the end of the intervention, it was noticed that there was also an increase in engagement between AWWs and fathers, as fathers began to seek suggestions and be responsive in meetings.

“We can see a clear difference in the behavior of our husbands and children now, compared to before. Our husbands were not as caring before the intervention, but now they spend more time with the children and have learnt how to take care of them appropriately. Our children even seem happier and more active because of this.” (Mother)

Without exposure to examples of paternal involvement in their childhood, the fathers struggled to grasp this concept or gave up completely. Some fathers, despite aiming to be more involved, seemed to select relatively easier, enjoyable tasks such as taking the child out on walks. The families and AWWs appreciated the concept of the intervention and felt the combination of tablet usage, meetings and calendars benefitted the children. Mothers and children tend to enjoy their time at the center, and mothers questioned why the program could not be extended, as they believed it helped both them and their children learn.





DISCUSSION

This was a Proof of Concept study, and therefore the main objective was to ensure that the learning process continues through the period of the study, as well as obtain evidence to inform future model development. The formative assessment deepened our understanding of the community as well as its prevailing norms and helped identify the factors and facilitators of change. Emergent learnings from the field were used to innovate and problem-solve to overcome a challenge or to improve the strategy in a consensual manner with discussions with the staff and inputs from the community. Flexibility in outreach strategy, integration of norm changes into the existing framework of parenting, linkage to the existing public project ensured that despite conflicting with traditional gender roles, parents show evidence of developing positive attitudes to fathers' involvement in child care and early initiation in cognitive development.

The final learnings were then captured in order to be available for future model development. Thus, this study implemented the Measurement for Change principles of heterogeneity, evidence, and interaction. The learnings through the MEL in the intervention generated valuable learnings with regards to fathers' involvement in child-care in rural community settings. Some of the overall learnings are as follows:


Listening to Parents' and Providers

The objective was not only educating the fathers on paternal involvement, but to facilitate norm change. Therefore, it was essential that the project not only generated an understanding of the current norms, factors, and facilitators, but also ensured that the inputs to strategy worked to integrate norm change into the existing framework of parenting as understood by the communities. Similarly, it was essential for the model to be able to integrate into the existing public welfare projects, and for the learnings to be easily incorporated into the existing behavior change communication framework.



Expanding the Domain of Care and Making It Practical

In the communities, parents often sit with their child but were watching over them to ensure safety rather than interacting with them. From this and previous studies, it can be determined that there is insufficient knowledge about stimulation and child development (18). This was a novel component and was received positively by the parents. Despite the difficulties in transitioning from their traditional gender roles, the fathers were willing to change norms because they perceived it to be beneficial to their child's development. Engaging with the child became easier with the practical tips provided through the project. Ensuring safety, health, and nutrition were also the biggest domains of care for children of this age group, and therefore continued to be the focus of the communication with parents.



Mothers as Important Facilitators and Motivators for Father Involvement

The importance of mothers as the drivers of change in the child development space in rural settings was a key learning. Though mothers initially served as barriers and gatekeepers in the way of father-child bonding, they eventually became enablers in the process. The new parenting environment affects the conventional family structure, and it is important to address any skepticism among mothers about fathers assisting with child-care. Mixed parent groups may elicit higher trust and experiments elsewhere have found couple groups to be effective (19). Mothers are critical decision-makers in the life of young babies and also have a close rapport with the female community workers. Therefore, interventions need to rope in their support from the very beginning.



Flexible Engagement Strategies

Incentives, particularly phone recharges, are useful to establish meaningful connections with fathers and need to be presented in a way that is enabling and engaging. For example, keeping the incentive low and tying it to time spent with children was both acceptable as well as motivating. There should also be flexibility regarding the way in which such performance-based incentives are given. Phone recharges may be difficult in circumstances where mobile phone companies or plans and tariffs change often, or rural poor may shift priorities or may use it intermittently owing to travel and other factors. Therefore, to ensure continued engagement payment modality may be required to change to cash or both. Messaging given through phones need to be timed to be received at convenient points and intervals and may need reminders. Similarly, meetings may need to be flexibly scheduled to suit the work-life balance of the fathers, including bundling modules, evening meetings, using weekends or splitting batches.



Working With the System to Ensure Sustainability and Scalability

To ensure scalability of such interventions, it is crucial to work with the largest provider of care in the setting, the public provider. The project worked with the Government, keeping them engaged at the state district and block levels from the very beginning. A sense of ownership was built from the planning stages through incorporating inputs in the materials produced, and ensuring congruence with the existing communication materials. This was continued through the implementation by involvement measures, and reporting during the ongoing training and monitoring. There are inherent challenges in ensuring efficiencies when working with frontline workers who are over-burdened and under-motivated, and these have been documented by many other interventions (20, 21). The project was successful in overcoming this to an extent through planning and supportive supervision.

Through the course of the intervention, there was evidence of a gradual shift in the mind-set of the parents and community workers to view the fathers from being solely providers to an involved and caring parent responsible for their child's development. This was an important yet small beginning in the trajectory of behavior change. Study limitations include a lack of time during the qualitative endline period as it extended beyond expected timelines, and elections hampered collection of monitoring data. One year of intervention is a short time for effectively bringing about lasting behavior change in a community. However, the study results suggest that it did bring an incremental change in attitudes, which is a valuable initial step to change and progression.

Many questions remain unanswered for scaling up child development interventions in rural settings in India. While there has been policy and programmatic direction toward digitization, the AWW remains a low-wage, high-burden, poor-motivation, low-social capital workforce. It may be challenging to engender changes in norms through AWW alone. Role model fathers may have to play a more significant role in many settings, especially where the patriarchal structures are entrenched. Alcoholism may worsen the effect, and models with additional male helpers may be practical. Structural challenges like poverty, illiteracy, and migration are hurdles in outreach, especially among fathers. Structural challenges also deprioritize child development within the family due to their other pressing requirements. A rapid expansion in the use of mobile phones, especially among men, and increased use of digital payments has favored interventions using phone-based incentives. Network plans and connectivity issues, and the rapid changes of providers are potential hurdles in these models. There is also a fundamental question of incentivizing a behavior, that is essentially a duty. This can be overcome by the argument of compensating parents' for their loss of wages or time, and has been employed in the form of cash (22), material (23), and mobile talk time (24) in low-income settings.

Along with the successes and the challenges, the MEL system also examined how fathers' involvement strategies can be improved through the continuous embedded process of monitoring, evaluation and learning. The paper discusses tweaks in the structural elements in an existing framework for community outreach in child development, and how this can be useful to involve fathers in a feasible manner. These results will be beneficial in refining future models, scaling in other states, as well as informing policy direction.
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Background: Multi-dimensional monitoring evaluation and learning strategies are needed to address the complex set of factors that affect early child development in marginalized populations, but few studies have explored their effectiveness.

Objective: To compare improvement of health and development of children 0–3 years between intervention communities (IC) and control communities (CC) from peripheral settlements of Lima. Sequential interventions included: (1) home and community gardens, (2) conscious nutrition, and (3) parenting workshops following the International Child Development Program (ICDP).

Methods: Interventions were delivered by community health promoters (CHPs) using a “step-by-step” learning system. Both IC and CC were monitored before the interventions began, at 8 and 12 months (n = 113 IC and 127 CC children). Data were collected on household characteristics, diet, food security, health indicators (history of diarrhea and respiratory infections, hemoglobin, intestinal parasites, anthropometry), caregiver-child interactions and stress, and achievement of Pan-American Health Organization age-specific developmental milestones. Stepwise multiple logistic regressions were used to determine if the interventions affected food insecurity, as well as motor, social/cognitive and language delays.

Results: At baseline, 2.6% were categorized as “suspected developmental delay” and 14.2% were on “alert for development delay.” Food insecurity, diarrhea and respiratory infections were lowered following the interventions. Through the “step-by-step” approach, caregivers in IC gained skills in gardening, conscious nutrition and parenting that reduced the risk of food insecurity [Adjusted Risk Ratio = 0.20 (95% CI: 0.08–0.51)] and language delay [0.39 (0.19–0.82)] but not motor or social/cognitive delay. Use of a multiple micronutrient supplement decreased the risk of motor delay [0.12 (0.03–0.56)], but more pets were associated with higher risk of motor [3.24 (1.47–7.14)] and social/cognitive delay [2.72 (1.33–5.55)], and of food insecurity [1.73 (1.13–2.66)].

Conclusion: The combined interventions delivered by CHPs helped to mitigate the impact of adversity on food insecurity and language delay. Additional improvements may have been detected if the interventions had continued for a longer time. Our results indicate that control of infections and pets may be needed to achieve measurable results for motor and social/cognitive development. Continuous monitoring facilitated adjusting implementation strategies and achieving positive developmental outcomes.

Keywords: monitoring, learning system, infant development, diet diversity, food secuity, language development, caregiver-child interaction, home gardens


INTRODUCTION

The World Health Organization estimates that in any country about 10% of the population has some type of disability or developmental delay (1), and based on growth retardation and poverty measures, an estimated 43% of children under 5 are at risk of not reaching their development potential (2). Surveys of 35 low and middle-income countries have reported that 14.6% of children have low scores in the early development index associated with cognition, 26.2% have low socio-emotional scores, and 36.8% have both conditions (3). It is projected that children at risk of developmental delay due to growth problems and poverty will have a quarter of the average income of one adult per year, and that the cost of lack of action to the net domestic product can become twice as much as those countries that invest in health (4). Thus, the decline in growth retardation, the primary measure of chronic malnutrition (5), is considered a global priority, and a call has been made to investigate possible cost-effective and scalable interventions for the transition to the Sustainable Development Goals post-2015 (6). Current evidence on risk factors for developmental delay in early childhood in low-income areas includes a number of preventable factors that can alter the course of neurodevelopment including nutrition, infectious diseases and inflammation, caregiver insensitivity and chronic stress (7).

Food insecurity influences child development through its effects on nutrition and by producing stress in the family (8). Small children achieve satiety with cheap foods like sweetened liquids and junk food, but the total intake of macro and micronutrients may be insufficient for normal growth (8). Interventions with home and community gardens constitute an important strategy to improve food security, and particularly in the Andean region, provide the opportunity to grow traditional products with high nutritional value (9). Interventions that include creating home gardens and the consumption of traditional regional foods have shown improved food diversity in infants undergoing complementary feeding (10) for growth and achieving adequate weight and height (11).

Both protein energy malnutrition and/or infections produce not only growth retardation, but also structural and functional brain damage that presents as a delay in the development of cognitive functions and permanent cognitive damage (12). Among specific nutritional deficiencies, anemia as a manifestation of iron deficiency is one of the main causes of brain damage and delay in cognitive, behavioral and psychomotor development (13). However, nutrition-focused interventions have not always been successful. This is believed to be due to the inflammation caused by infections or environmental enteropathy, largely associated with the absence of clean drinking water or adequate sanitation and hygiene (14, 15). In fact, interventions that include water improvement, sanitation and hygiene have been shown to have a positive effect not only in the reduction of acute diarrheal disease, but also in respiratory infection, intestinal parasitism and other infectious diseases, with a final result of improvement in the anthropometry of children (16).

Recent research has demonstrated the importance of the caregiver-child relationship in child development, finding, for example, that harmonious, reciprocal interactions that reflect an emotional relationship evidenced by emotional and/or verbal sharing, improve cognitive and mental development and children's language (17). It is known that the practice of verbal and non-verbal attitudes by the caregiver to the child during early stages of child's development is able to modulate the expression of language systems (18). On the other hand, an inadequate caregiver-child interaction may result in eating disorders, physical under-development, decreased attention and cooperation, and an inability to learn and to develop adequate interpersonal relationships (19). Moreover, it has been documented that infants of caregivers who used positive parenting skills had greater increases in language production (20), and that characteristics of caregivers can influence the nutritional status of the child, even when controlling for the socio-economic status (21).

The first 1,000 days of life constitute an important window to improve health conditions in early childhood and in mothers to prevent the cycle of inter-generational delay (22). A recent analysis of strategies aimed at improving the development of children, shows that in order to achieve adequate development of children, multi-sectoral interventions are required in health, nutrition, education and child protection (23).

The goal of this project was to explore whether a multi-dimensional approach to early child development that emphasized home gardens, nutrition and improved caregiver-child interaction in a context of ongoing adaptation to local conditions would demonstrate results in a marginalized community in a relatively short 18 month time frame. The project was structured as both a field intervention for early child development and a longitudinal study to shape and describe the impact on health and development of children 0–3 years from “Centros Poblados Rurales” (CPRs) of Pachacámac (Peru), through participation of community health promoters (CHPs) and the local Ministry of Health. The Wawa Illari (“Wawa = child, Illari = resplendent” in Quechua) project consisted in the combination and ongoing adaptation of three interventions: (1) creation of community and home gardens, (2) workshops in conscious nutrition and meal preparation, and (3) improvement of the caregiver-child interaction, compared to the standard intervention.



METHODS


Study Design

This was a prospective, interventional, pre-post study that compared the occurrence of developmental delay in children aged 0–3 years between intervention and non-intervention communities in an urban settlement area in Lima, Peru. We investigated whether the combination of community/home gardens, workshops in conscious nutrition and international child development program (ICDP) methodology would positively affect the growth and development of children 0–3 against the background of ongoing current Peruvian Ministry of Health (MINSA) protocols in both control and intervention communities. The intervention consisted of three activities introduced in sequence (Figure 1): home gardens, nutrition workshops focused on awareness of child needs “conscious nutrition,” and “ICDP” workshops focused on caregiver-child interactions. Each of these interventions were intentionally adapted in response to challenges and feedback over the course of the study (Table 1). The children were monitored 3 times: at baseline, 8, and 12 months.
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FIGURE 1. Timeline for Wawa Illari project.



Table 1. Summary of adaptations to methodologies in response to specific field challenges.
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Context

This study was conducted in urban settlements to the north and south of the district of Pachacámac, based on recommendation from nurses in the Pachacámac Public Health Center who identified these as the neediest communities in the region. This area, 59 kilometers south but within metropolitan Lima, features barren, rocky hills with scattered housing communities without paved roads. The valley floor has one main rutted dirt road, and multiple small farms known for strawberries. There were no large grocery stores or pharmacies, only small stores selling a limited range of foods. Most housing was precariously built of thin boards, and only one or two rooms. Some homes were made with bricks and plaster. There was no public water or sanitation system. Water was from wells stored in a large tank at the highest elevation in each community and delivered via plastic pipe to 50 gallon tanks at each family home. Community leaders were responsible for chlorinating the central tank water each month, but times and amounts of chlorine used were irregular. There was no public infrastructure for essential sanitation services or roads, though there were two public health clinics, two public preschools, one elementary school, one high school and several churches.

During 2018, the Ministry of Health (MINSA) conducted two campaigns to detect and treat anemia in both the control and intervention communities that overlapped with our nutrition and ICDP workshops. They also provided micronutrient supplements in the form of a sachet (1 dose): 12.5 mg of elemental iron, 5 mg of zinc, 160 μg of folic acid, 300 μg of vitamin A and 30 mg of vitamin C, to be administered daily for 1 year to children starting at 6 months of age (24).



Community Selection, Sample Size Estimates, and Recruitment Procedures

The study area was divided as CPRs of North and South, which were separated by an urban area that served as a natural border and prevented contact between control and intervention communities. The southern region was inhabited by recent migrants from rural areas of Peru whereas the northern region was home to families that had been relocated from settlements during social programs. Selection of communities was based on inclusion within regions served by the Manchay and San-Juan (South), and Las-Palmas (North) health centers. Randomly, the southern CPRs were chosen as the intervention zone (Pampachica, Manchay Bajo, Lote B, Manchay Alto, Curva Zapata, and San Juan), and the northern CPRs were chosen as the control (Casitas, Rinconada and San-Miguel).

Sample size estimates were based on a prevalence of developmental delay of 14.6% in 0–3 year old children from low-middle income countries (7). Using OpenEpi software (25), we estimated that a sample size of 100 children in each of the control and intervention communities would be needed to detect with 95% confidence a decrease of 0.2 in the odds of developmental delay as defined by the Pan-American Health Organization (PAHO) (1).

Meetings were held with community leaders and families from the intervention and control areas to explain the project. Nursing professors of the Inca-Garcilaso-de-la-Vega University (UIGV) trained in technical and ethical recruitment procedures accompanied by their students and guided by MINSA nurses then visited homes with at least one child 0–3 years of age, to explain the study using picture cards. MINSA nurses also recruited children during regular growth and follow-up in the Manchay and Las Palmas health centers.

The two inclusion criteria were at least one child aged 0–3 years, and agreement of the caregiver to allow us to monitor the growth and development of their children in 3 evaluations distributed during the project duration and answer several questionnaires. In the case of the intervention communities, the caregivers also agreed to receive the proposed methodology, work in home gardens and attend training workshops. This was indicated by written informed consent. The exclusion criteria were chronic diseases or congenital malformations; no children had these conditions.

A total of 315 children were recruited, 157 from the control communities (CC) (71 boys and 86 girls), and 158 from the intervention communities (IC) (92 boys and 66 girls). At the end of the project, 127 children from the CC (58 boys, 69 girls) and 113 from the IC (65 boys, 48 girls) had completed at least two of three evaluations and were included for analysis.



Intervention Methodologies

During the course of the project, a number of challenges emerged which required adaptation to our original design. These are summarized in Table 1.


“Step-By-Step” Learning System for Community Health Promoters (CHPs)

The research team identified 15 people of the IC who were willing to be trained as CHPs in each of the intervention methodologies and carry these messages to designated households. Training was adapted from intense sessions to a more “step-by-step” process with smaller and more focused specific training (ASM)1 that was more effective for transfer the knowledge to the families, regularly reinforced by experts. Throughout the training, the importance of encouraging parents to have a conversation with the children whether during gardening, cooking, washing hands, brushing teeth, or playing was highlighted. CHPs also learned to encourage caregivers to name things from plants to food ingredients and to stimulate the child's sensory engagement in each activity. This approach was designed to allow CHPs to develop technical skills and to improve self-esteem and build a trust relationship with families.

The local team had weekly meetings with CHPs where they provided feedback about their experiences, shared difficulties and findings, and learned from each other. Little by little, CHPs took “ownership” for each methodology and its contents. Materials were also provided at these weekly meetings.

Each CHP was responsible for 7–11 families and each family had a weekly lesson in gardening, and later in nutrition, cooking and the ICDP methodology.



Community and Home Gardens (On-Site Field Adaptations)

Two community gardens were created, one in Manchay, and one in San Juan. They served as sites for training for CHPs who also maintained the gardens. They were available to any family who wished to make use of the gardens.

In addition, individual family gardens were promoted. A model workshop was held for the CHPs where they were provided with two wooden slat boxes, one for leafy greens (24” × 18” × 8”) and one for root crops (24” × 18” × 11”), each lined with polyester porous agricultural feed bags. Vegetables were selected based on both on the nutritional content and cultural acceptance with a focus on high iron content foods: parsley, spinach, cabbage, swiss chard, carrots, green onions as well as turnips, beets, and radishes that have edible leaves as well as roots. CHPs planted their own boxes to take home and learned how to provide instruction when they visited families.

Boxes, soil, compost, seeds for most crops as well as parsley and green onion plants were provided to 107 families. The initial garden intervention was provided over 12 visits, and then continued throughout the project. A specific task was covered each week to ensure ongoing learning and a successful harvest: planting, organic fertilizers, pest management, crop harvesting and seed harvesting for garden sustainability. At each visit, the caregiver signed a register to confirm participation and receipt of materials and the CHPs took photos of each garden. The last community intervention was planting a lemon, orange, apple or peach fruit tree at every child's home in the IC, as a way to promote environmental health, soil improvement and a future fruit supply. Fruit trees were also planted at the Niña Maria community garden and San Juan public pre-school community garden and the San Juan health center for long term community benefits. At each visit, CHPs continued to supervise gardens and to distribute seeds when required.



Conscious Nutrition Intervention (On-Site Field Adaptations)

The second phase of intervention was designed to increase the likelihood that infants receive nutrients known to improve infant development. CHPs received 12 h of training in conscious nutrition and cooking from our nutrition advisor that emphasized the preparation easy and tasty recipes using affordable local foods rich in macro- and micro-nutrients known to be essential for child development. The lessons emphasized connecting with the colors, smells and tastes of each food, and the importance of the parent's feelings while preparing food for the child (26). CHPs were provided with one recipe/week, main ingredients and key messages about hygiene using printed material.

Each CHP delivered the supplies and lessons directly to each family at the family home after practicing in their own home. They stressed the importance of a diet with a variety of flavors, colors and smells; in eating using the five senses; making meals a happy experience for a loving interaction between caregivers and children; the use of traditional and new local recipes to increase the variety in the diet; and to incorporate the families' garden produce. Recipes also included the mixture of multiple micronutrient (MMN) powder with foods, following MINSA guidelines (24). Children responded with pleasure to all the recipes which encouraged mothers to put them into practice. The follow up of every family visit was also done by asking for participants' signatures and taking pictures of prepared foods.



Adaptation of International Child Development Program (ICDP)

The International Child Development Program (ICDP) (27), our third aspect of the intervention, has two levels of training. For the first ‘caregiver level,’ the local team provided 6 training sessions of 3 h/week whereby CHPs practiced the ICDP methodology with their own children in order to internalize the process. For the second ‘facilitator level,’ an additional 8, 2-h sessions focused on the 7 sensitization principles of the ICDP approach that promote “sensitization” rather than “teaching” in order to encourage caregivers to make positive changes. These sessions helped CHPs to facilitate parent-child interactions in a way that showed empathy toward parents and children through sharing of personal stories, putting themselves in the caregiver or child's place, demonstrations and role playing games, listening to caregivers and giving simple explanations. Through this process, CHPs understood the need to incorporate all the guidelines in each caregiver-child interaction given that they are mutually reinforcing. Eight CHPs participated in the facilitator training.

Eight ICDP workshops were provided at each home. They focused on the three ICDP forms of dialogue (emotional-expressive, meaning oriented and regulative dialogues) and covered by 8 specific ICDP guidelines (27, 28). The emotional-expressive form of dialogue comprises the first 4 guidelines: (1) show love and positive feelings to your child, (2) follow and adjust to your child's initiatives, (3) establish close communication, with or without words, and (4) praise and appreciate your child's efforts and achievements. The meaning oriented dialogue includes the next 3 guidelines: (5) establish shared focus and attention with your child, (6) provide meaning by naming and describing things and actions, and (7) expand on meaning by connecting, comparing and using creativity (songs, stories, painting etc.). The regulative dialogue contains the two parts of the last guideline: (8a) establish limits, norms and values, and (8b) guide your child's activity step by step toward a goal.

Caregivers learned to apply sensitization principles by sharing personal experiences, providing explanations and concrete examples, and facilitating role-games and direct interaction with children. Story books and didactic wooden toys were used. Though not part of the original ICDP material, they were helpful in promoting caregiver-child interactions during home visits.




Monitoring of Children

Children were assigned to one of three health centers for monitoring based on proximity to the home: San-Juan or Manchay for IC, and Las Palmas for CC, and were followed by MINSA nurses in charge of the Growth and Development program who received specialized training for the research. The main outcome was the development of children, evaluated through the PAHO growth and development scale (29) which is also the basis for Peruvian guidelines for the follow-up of children under five (30).


Questionnaires

In addition to a baseline questionnaire administered only at the beginning of the study, questionnaires on child feeding, food security, and health of the child were administered at 0, 8, and 12 months, and the stress questionnaire was administered at 8 and 12 months.


Baseline

The baseline evaluation included questions on the caregiver and home, including age, education, marital status of the parents, number of people living in the household and in the same room with the child, presence of pets and vermin at home (31) In addtion, data on the following PAHO risk factors for developmental delay (1) were recorded: presence of maternal anemia, hypertension, urinary tract infection and other complications during the pregnancy of the participant child, weeks of gestation, infant birthweight, development of neonatal jaundice, exposure to wood or cigarette smoke at home, and frequent consumption of alcohol by someone in the household.



Child feeding

Caregivers were asked if the infant was currently receiving breastmilk (0: no, 1: yes). For those who were taking food, a locally adapted food frequency questionnaire was applied using a list of foods that were common in the region (32) (Supplementary Table 1). The nurse asked whether the child ate each item as part of their usual diet. Each item was given a score of one and variety of foods eaten by children was defined as the number of foods used to feed children in each evaluation period. Caregivers also indicated whether or not their child was receiving MMN supplements.



Food insecurity

Scores (0–3) were assigned to a positive response to the following questions that referred to the past 6 months for the household. Did you worry about having enough food due to lack of resources (0: no, 1: yes)? Was there a limitation in the types of foods that were consumed due to lack of resources (0: no, 2: yes)? Was there a lack of food at home due to lack of resources (0: no, 3: yes)? Was there a lack of appropriate foods for the child due to lack of resources (0: no, 3: yes)? The highest individual score was used to reflect the degree of food insecurity as follows: (0) no food insecurity, (1) mild food insecurity, (2) moderate food insecurity, and (3) severe food insecurity (33).



Health assessment

Nurses asked the caregiver about the presence and frequency of diarrhea (≥ 3 liquid stools/d) and respiratory infections (syndrome of cough and fever of any severity) following PAHO Integrated Management of Childhood Illness (IMCI) strategy (29), and number of visits to the doctor due to illness (including hospitalizations) in the last month. Children were considered to have persistent diarrhea or respiratory infections if the number of episodes recorded in the second and third evaluations were found to be equal or higher to that from the previous evaluation(s).



Stress

A novel stress assessment questionnaire was validated following a period of armed conflict that affected some CPRs of the intervention region at the end of conscious nutrition workshops. Nurses asked if, in the past 3 months, the caregiver or the family had lived in stressful situations. If the answer was “yes,” child stress was evaluated by asking caregivers if the child ate less than usual, slept less than usual, woke up scared, cried more frequently, looked sad, showed less desire to play, or was unable to play outside for safety reasons. A score of 1 was given to any affirmative answer, and the cumulative score (range 0–7) was calculated. For evaluating caregiver stress, nurses also asked if the stressful situation had affected caregiver's ability to get food for the child, if the caregiver easily got mad at the child, and if the caregiver was less willing to play with the child. Similarly, scores for positive answers ranged from 0 to 4.



Overall qualitative assessment of the intervention

At 8 and 12 months, caregivers were asked whether they incorporated their garden produce into the family meals, and whether they used nutrition and caregiver-child lessons and skills in daily life.




Anthropometry

Child weight, length/height and head circumference were measured three times (0, 8, and 12 months) following WHO standards (34). For infants, nurses used the Seca 354® digital scale for babies, the Seca 210® mobile measuring mat for baby and toddler, and the Seca 201® circumference measuring tape. For children 1–4 years, a Seca 769® Wireless Eye-Level Digital Scale with Height Rod was used. Z-scores of weight-for-age (WAZ), length-for-age (LAZ), weight-for-length (WLZ) and head-circumference-for-age (HCAZ) were calculated using the STATA 14 least mean squares method applied to WHO reference data (35).



Intestinal Parasites and Anemia

Stool samples, collected from children at the first and second evaluation periods, were examined for intestinal parasites using a sedimentation technique and for pinworms using the Graham's scotch tape test for pinworms. Heel or finger-prick blood samples were collected by nurses at the three evaluation periods and assayed hemoglobin (hemoglobinometer HemoCue Hb 301 Auto®). Anemia was defined as hemoglobin <11 g/dL (36).



Evaluation of Caregiver-Child Interaction

The ICDP program is usually evaluated with the help of pre- and post-intervention video (27, 28) which was not possible in our context due to technical constraints and ethical considerations. Instead, we used two approaches to evaluate caregiver-child interactions.

For an objective evaluation of ICDP workshops, we developed and validated a novel checklist based on gestures or expressions that reflected ICDP guidelines (27). MINSA nurses were trained in 3 sessions of 6 h to use this checklist when observing caregiver attitudes that reflected ICDP guidelines. In the last two evaluation periods, caregivers in both IC and CC were given the opportunity to interact with the child (diaper change, breastfeed, giving food and/or play) while the nurse, at a distance, observed the caregiver's application of the 8 ICDP guidelines (Supplementary Table 2). Nurses classified the interaction as (0) if the gesture/attitude was not present, (1) if observed occasionally, and (2) if observed frequently. A score adding nurse's observations was created for each guideline.

During the last visit to the families, a subjective evaluation of ICDP workshops was completed by IC caregivers. They used a Likert scale to provide a self-assessment of the application of the 8 guides. CHPs asked caregivers whether they would currently rate their attitudes about each ICDP guide as very low, low, medium, a lot, or very much. They asked the same question about their attitudes prior to the ICDP workshops. The CHPs provided a visual representation to highlight areas of improvement (Supplementary Figure 1).



Child Development Evaluation

Child development was evaluated using the PAHO standards based on the guidelines for Integrated Management of Childhood Illness (IMCI) (1). This instrument is widely used in Latin America to monitor child development as part of the routine health care. The instrument assesses reflexes, attitudes and skills based on age-specific milestones (< 2 months, ≥ 2 months and ≤ 2 years, > 2 and ≤ 6 years) (Supplementary Table 2) (29). Using PAHO guidelines, child development was classified into four general categories: “normal” if the child displayed all the reflexes/positions/skills corresponding to her or his age group and there were no risk factors; “normal development with risk factors” if the child displayed all the reflexes/positions/skills corresponding to her or his age group, but there were one or more risk factors; “developmental alert” if the child did not display one or more of the reflexes/positions/skills corresponding to the his or her age group; and “suspected developmental delay” if the child did not display one or more of the reflexes/positions/skills corresponding to the previous age group, or had a head circumference < 2SD or > 2SD, or presented three or more phenotypic alterations (29). In addition, the medical research team categorized PAHO milestones as indicators of motor, social/cognitive and language subgroups (Supplementary Table 2). Child's motor, social/cognitive and language development were considered as delayed if respective age-specific milestones were not observed across evaluations, or if milestones were absent in an evaluation when previously they were present.




Statistical Analyses

Questionnaires completed by nurses were digitally transferred weekly. Database verification by a second digitizer was made at the end of each evaluation. STATA/IC 16.1 for Mac (StataCorp, TX, USA) was used for analyses.

At baseline, child, caregiver and household characteristics, as well as risk factors for developmental delay were compared between CC and IC using Chi2 or Fisher's exact test for frequencies, Kruskall-Wallis test for ages and Student's t-test for birth weights.

To determine differences in categorical variables across evaluation points separately for CC and IC, Cochran tests for equality of proportions in matched samples were performed. Chi2 or Fisher's exact test were used to compare CC and IC at each evaluation. The following categorical outcomes were evaluated: frequency of different degrees of food insecurity, presence of intestinal parasites, presence of anemia, presence of reported stress signs in children, proportion of children in each development category and proportion of children not achieving developmental milestones for motor, social/cognitive and language development.

Variables were compared across time-points using Kruskal-Wallis tests (episodes of diarrheal and respiratory infections, number of visits to the doctor due to illness in the last month, foods taken by children, child stress scores, and caregiver-child interaction scores), and one-way ANOVA (anthropometry Z-scores and hemoglobin, g/dL). To assess differences between IC and CC, Kruskal-Wallis and Student's t-test were used. In order to determine whether an outbreak of violence within the IC region influenced child stress, the participants from IC communities were subdivided into those with or without violence and compared with those in the CC communities. The equality of stress scores at 8 and 12 months and of caregiver application of ICDP guidelines were tested by using the Wilcoxon matched-pairs signed-rank test. Kruskal Wallis was used to assess difference between IC and CC at 8 and 12 months.

We explored associations of food insecurity, motor, social/cognitive or language delays as dependent variables using stepwise multiple logistic regression models. Our independent variables were: received the combined intervention (0: CC, 1: IC), gender (1: boy, 2: girl), age at final evaluation (months), number of pets, number of vermin in the home, maternal education (years), paternal education (years), number of people sharing the bedroom with the child, breastfeeding (0: no; 1: yes), number of episodes of diarrhea in the last month, number of episodes of respiratory infection in the last month, taking micronutrients (0: no, 1: yes), hemoglobin (g/dL) and child stress scale (0–7). The stepwise process took out variables with p > 0.15. Then, adjusted risk ratios were calculated using the post-estimation “adjrr” command in STATA, which adjusts for covariates and uses the Delta method to calculate confidence intervals (37). Missing data were not imputed and complete case analyses were performed. Final models were assessed for collinearity (variance inflation factor < 10) and stability of coefficients (condition number < 30).

Finally, to assess the specific impact of ICDP methodology on language development we ran logistic regression models for language delay and the score of caregivers' application of each ICDP guideline as observed by nurses. Risk ratios were adjusted for receiving the intervention.



Ethical Aspects

The study received ethical approval from the National Institute of Child Health (registration OEAIDE-02997-2017) and from the Research Ethics Board at McGill University (REB File # 144-0817).




RESULTS


Baseline Characteristics

Characteristics of children, their parents, their homes, as well as risk factors for developmental delay are presented (Table 2) for 127 children from the CC and 113 from the IC who had baseline data and data from at least one follow-up evaluation. Children of CC and IC did not differ by age or sex (Supplementary Figure 2), birthweight or age of the parents. A lower proportion of mothers in the IC breastfed their children. In both IC and CC, most women (84.4%) spent all day with their children, but most fathers (84.8%) spent ≤ 2 days/week. In the CC the mothers had more years of education but higher frequency of unstable unions than in IC; the CC also had fewer people sleeping in the same room as the child, fewer families with dogs or cats, but the presence of mosquitoes and rodents in the house was more frequent. Mothers of the IC reported hypertension during the pregnancy of the participating child more often than the mothers of the CC. Other PAHO risk factors for developmental delay did not differ between CC and IC (Table 2).


Table 2. Characteristics of children, caregivers and households at the baseline evaluation in control (n = 125–127) and intervention (n = 97–113) communities.

[image: Table 2]



Impact of the Interventions on Nutrition and Health
 
Food Insecurity and Variety of Foods Eaten by Children

At baseline, moderate food insecurity was more frequent in the CC, but the IC had a higher percentage of severe food insecurity. The level of food insecurity did not differ between CC and IC at 8 or 12 months. However, within the IC, food security improved with a higher percentage of households reporting no food insecurity in the IC compared with the CC in the last evaluation (IC: 75.2%, CC: 59.1%, p = 0.017) and a decrease in severe food security over time (32.7–16.8%, p < 0.0001) (Figure 2).


[image: Figure 2]
FIGURE 2. Percentages of food insecurity (no food insecurity, mild, moderate and severe food insecurity) at three time-points in control and intervention communities.


At baseline, children in CC ate a greater variety of foods compared with IC (average of 21 vs. 14 items, respectively, p < 0.001). Although the difference remained across evaluations, the diversity of foods consumed by children increased more than 2-fold over the study in both CC and IC (Supplementary Figure 3).



Reported Frequency of Visits to the Doctor Due to Illness, Diarrhea and Respiratory Infection Episodes in the Last Month

During the pre-intervention evaluation, caregivers of children in the IC reported a higher frequency of visits to the doctor due to illness (Supplementary Figure 4A), diarrheal (Supplementary Figure 4B) and respiratory disease (Supplementary Figure 4C) in the last month when compared to the CC (all p = 0.0001). The number of visits to the doctor and episodes of diarrhea and respiratory infections in the IC declined at 8 and 12 months (p = 0.0001).



Intake of Multiple Micronutrients, Hemoglobin Concentrations and Presence of Anemia

Mothers in the CC reported giving MINSA-delivered MMN powder to children more often than in the IC. The number of children in the IC receiving MMN powder significantly increased during the course of the project (Table 3) but did not reach the proportion of the CC.


Table 3. Health characteristics of children from control communities (CC) and intervention communities (IC) at baseline, at 8 months post-intervention (gardens-nutrition), and at 12 month post-intervention (gardens-nutrition-ICDP)1,2.
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Although children in the CC had higher hemoglobin concentrations than those from IC in post-intervention assessments, we observed an increase in hemoglobin concentrations and decreased percentages of anemia in both IC and CC throughout evaluations (Table 3).

The prevalence of nematode infections (Enterobius vermicularis, Strongyloides stercoralis and Hymenolepis nana) was very low, but higher at baseline in the IC than CC (14.7 vs. 4.7% respectively, p = 0.022). On the other hand, over 30% of children had one or more protozoan parasite, most commonly Giardia lamblia. Other protozoa found in the population included Blastocystis hominis, Chilomastix mesnili, Endolimax nana, Cryptosporidium parvum, Iodamoeba butschlii and Entamoeba coli. Even though diagnosis and referral for treatment of intestinal parasites occurred through MINSA in both control and intervention communities, the prevalence of Giardia at the 8 month evaluation had increased in the intervention community (4.4 to 25.6%, p < 0.0001).



Anthropometry

In general, children from CC and IC were within the normal range for weight, with very low prevalence of WAZ < −2 SD (Figure 3A) and no children with WLZ < −2 SD (Figure 3B). LAZ < −2 SD was found in 4% of CC children and 9% of IC children at baseline (Figure 3C), and at 8 and 12 months the LAZ was lower in IC than CC children (Table 3). Abnormal head circumferences HCAZ (< −2 or > 2 SD) were present in 11.8% of children from the CC, and in 11.6% of children from the IC (Figure 3D).
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FIGURE 3. Histograms of anthropometric measurements (Z-scores) in children 0–3 years from the control and intervention communities: (A) weight for age, (B) weight for length, (C) length for age, (D) head circumference for age at baseline evaluation.





Impact of Interventions on Child Development

When classifying children according to PAHO developmental scale, a higher proportion of children from the IC were categorized as “normal development with risk factors” at baseline and at 12 months (Table 3). At 8 months, after the intervention with gardens and nutrition but before the ICDP intervention began, the proportion classified as “developmental alert” was lower in the IC compared with the CC. There was no significant difference in the proportion of any of the developmental groups within communities over time.

When comparing achievement of developmental milestones, language delay for age was observed less frequently in children from the IC than CC at all time-points, but the percentage of children with language delay did not significantly differ over time. No differences were observed across evaluation periods or between CC and IC with regard to adequate motor development and social/cognitive development.


Child and Caregiver Stress

Due to the wave of violence in some of our intervention communities, we compared the presence and scores of stress in children and caregivers across evaluations and among participants in IC with and without violence and in CC communities. At 8 months, higher child and caregiver stress scores (p = 0.030 and 0.001, respectively) were observed in the IC communities with violence compared with non-affected communities. At 12 months, both child and caregiver stress scores were lower in the affected community (p = 0.026 and 0.049, respectively) than at 8 months. Unexpectedly, at 12 months, both child and caregiver stress were highest in the CC (p = 0.028 and 0.003, respectively).



Caregiver-Child Interaction

The subjective caregiver evaluation of their own application of ICDP guides showed that all IC parents felt they had improved their skills and qualities as caregivers.

The objective assessment by nurses is shown in Table 4. Previous to the ICDP intervention, CC caregivers were better at following the child's lead (Guideline 2), verbal and non-verbal communication (Guideline 3), and helping the child to focus his/her attention and share experiences (Guideline 5), whereas IC caregivers were better at praising what the child manages to do (Guideline 4), helping the child to make sense of his/her world (Guideline 6), widen his/her experience (Guideline 7), and to learn rules, limits and values (Guideline 8a). After the ICDP intervention, caregivers in both IC and CC showed improvement in all guidelines, but caregivers receiving the ICDP intervention had higher scores than CC caregivers in Guidelines 1 (showing love, p = 0.015), 4, (p = 0.0001), 6, (p = 0.0001), 7 (p = 0.0001), 8a (p = 0.0001) and 8b (accompanying the child to learn step by step, p = 0.012). At 12 months, IC caregivers had reached the level of CC caregivers in those guidelines that had been lower at 8 months.


Table 4. Scores reflecting caregiver interactions with their childa, based on observations by nurses of specific behaviors for each ICDP guidelineb. Scores were compared between 8 and 12 months using the Wilcoxon matched-pairs signed-rank test, and between intervention communities (IC) and control communities (CC) using Kruskal Wallis test.
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Multiple Regression Analyses for the Persistence or Worsening of Food Insecurity

A multiple logistic regression analysis showed that after controlling for multiple confounders, receiving the intervention reduced the risk of worsened/persistent food insecurity at 12 months. On the other hand, a higher child stress score and more pets in the home increased the risk of worsened/persistent food insecurity (Table 5).


Table 5. Multiple logistic regression analysis for worsening or persistence of food insecurity at the end of the project.
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Multiple Regression Analyses for Motor, Social/Cognitive, and Language Delay

Of the possible parental, environmental, biological and stress factors that could have affected child development, only a few variables were significantly associated with developmental indicators.

Receiving the intervention package was not associated with an altered risk of motor or social/cognitive delay, but receiving MMN (which was included in recipes during nutritional workshops) decreased the risk of motor delay (Table 6A). A higher number of pets at home was associated with increased risk of both motor (Table 6A) and social/cognitive delay (Table 6B), and children having a higher stress score had a trend to a higher risk of motor and social/cognitive delay. Receiving the intervention was associated with 60% decreased risk of language delay (Table 6C) and children with higher number of diarrheal episodes had a borderline increased risk of language delay (Table 6C). The predicted probability of language delay when receiving or not the intervention at different age groups is shown in Figure 4.


Table 6. Multiple logistic regression analysis for (A) motor delay, (B) social/cognitive delay and (C) language delay at the end of the project.
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FIGURE 4. Predictive probability of language delay for control and intervention communities, at different age groups (12–50 months). Predictive margins are adjusted by number of diarrheic episodes in the last month.


In order to further evaluate the impact of ICDP methodology on language development, we ran multiple logistic regression models for language delay and the application of each ICDP guideline at 12 months, controlling for receiving the intervention. We found that the application of Guideline 8a (firmly correcting the child providing options and explanations), and 8b (accompanying the child step by step when trying something new) significantly decreased the risk of language delay (Table 7).


Table 7. Logistic regression models for the risk of language delay and the cumulative score for all attitudes associated with each guideline as observed by nurses watching caregivers interacting with their child, applying ICDP guidelines controlling for type of community (control vs. intervention).
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DISCUSSION

Children from deprived urban settlements are typically at higher risk of developmental delay, lower achievement, and more behavioral and emotional problems than children living in more favored contexts (38, 39), and interventions that normally work in other communities are not as useful for children from slums, as observed for nutritional programs (40). This study of a semi-urbanized population living in conditions of poverty with limited access to water-sanitation and other government services identified multiple risk factors that may preclude children from fully achieving their potential from among environmental, infectious and poverty-related stressors. Our interventions were led by CHPs selected from among parents within our IC who learned and transmitted the methodology to other caregivers using a “step-by-step” learning system. Both subjective and objective evaluation revealed that caregivers and their children had benefitted from the training as our focus on community/home gardens, workshops on conscious nutrition and promotion of parenting skills using ICDP methodology positively impacted child development. At baseline, food insecurity, diarrhea and respiratory infections were common but all were lowered following the intervention. The benefit on food insecurity persisted after controlling for multiple confounders. We also observed, at baseline, that 16.4% of children in the study had not achieved one or more of the age-specific developmental milestones. Following our combined interventions, this percentage declined. Furthermore, receiving the interventions reduced the risk of language delay. Two factors not linked to the intervention also influenced the risk of motor and social/cognitive delay: the intake of MMN decreased the risk of motor delay but having more pets increased it. More pets was also a risk factor for social/cognitive delay. Our proof of concept showed that a multi-sectorial approach can improve early child development in marginalized communities.


Community-Based Participatory Research: The Impact on CHPs and Caregivers

The fundamentals of participatory research were critical to the implementation of this multi-sectorial study. The bidirectional communication between high- and low/medium-income countries through our project ensured that our research was grounded in social justice (41). Consistent with participatory research, our project focused on the mutual learning relationship between the international and local project team, the nurses, and the CHPs. This allowed the methodology to reach the most vulnerable families and provided us with valuable information on both obvious and hidden needs of these communities. Our work adds to evidence suggesting that interventions that promote nurturing care can be included as part of basic community and public health interventions (4). A review of community-based interventions for optimizing early childhood in low resource settings highlighted the importance of caregiver-child interactions (42). We confirmed this and expanded it to include gardens and nutritional components.

In order to go beyond cultural elements to reach individuals in targeted communities, interventions were modified to fit capacities of the project team and community settings (41). In addition, two new evaluation tools were developed. Our child stress instrument allowed us to identify and quantify stress in young children, to observe that stress was associated not only with an episode of violence but also with other unidentified causes, and to detect the association of child stress with food insecurity. Furthermore, borderline associations of child stress with motor and social/cognitive developmental delay show the need to consider child stress in future studies. Our novel checklist for evaluating caregiver-child interactions allowed us to objectively evaluate the ICDP methodology given that video recording used in previous studies (28) was not possible. This revealed the improvement of parenting skills in our IC but also in the CC.

One benefit of the project was the empowerment, enhanced communication skills and increase in self-confidence of the CHPs, gained through workshops with project experts and reinforced in their weekly visits to their families. This not only benefitted caregivers but also transformed the lives of the CHPs. At the end of the project, one CHP was hired by the community public health center to be a public health worker. Two had the courage to end an abusive partner relationship, and another started her own door-to-door egg business as a result of the confidence she gained in approaching people through her training and weekly educational visits to families. One CHP with a handicapped child agreed to do a presentation on ICDP to a regional gathering of parents of handicapped children because the program directors had heard her present to her own local support group. One was pregnant during the project and was able to apply all the methodology at home with her new baby. Families turned to them as resources for health and parenting information and were recognized by local authorities for their capacities. In parallel with their empowerment comes a responsibility to financially remunerate the time and efforts of CHPs that were the foundation for building community capacity. The multiple health risks that CHPs face in reaching remote households and during the wave of community violence in daily activities should be balanced with institutional support and CHPs should not be expected to perform their work on a voluntary basis. As has been noted by many others, the enhanced skills and abilities of CHPs need to be formally recognized financially (43, 44). The sustained caregiver engagement over the duration of the project suggests that the project was sustainable.



Food Insecurity as a Target of the Interventions

Food insecurity is a known determinant of inadequate child growth (45, 46), and a reduction in food insecurity was an important achievement of the project, probably attributable to the creation of home gardens. There is growing evidence that home gardens have a positive impact on children's diet diversity, anthropometry (11), infectious diseases (47) and anemia (48). Although, home gardens were not associated with food security in a study from the Philippines (49), in the present study we showed a significant association of the combined intervention including gardens, on food security. Our study supports the fact that simple interventions could mitigate the impact of the conditions of extreme poverty and adverse circumstances on child development.



Language Development

Interventions aimed at increasing children's stimulation can have a significant impact on language development (50). Although ICDP methodology was key for achieving the improvement of early child language development, besides its proven effect on parental skills (51, 52) and on decreasing difficulties in older children (52), ours is the first study to provide evidence that the ICDP methodology reduces the risk of language delay in children under five. We attribute this to the emphasis on treating the child as a person, giving the child a role in everyday family life, and explaining to the child what exists and happens in the environment (28). Among ICDP guidelines, the two belonging to the regulative dialogue (8a, 8b) emerged as determinants in reducing the risk of language delay. Those guidelines involve clear and articulate communication with explanations of why and consequences. Furthermore, ICDP guidelines were applied to concrete day-to-day activities such as meals and gardening times. Giving quality food, with a feeling of love, as well as the participation of children (when they were old enough) in the planting and preparation of food was also reinforced throughout the project.

Broader factors are also involved in language development. A recent meta-analysis of risk factors for developmental delay in low-medium income countries identified that lower maternal education was associated with lower child cognitive scores, that lack of access to clean water and sanitation was associated with lower cognitive and motor development, and that lack of clean water was associated with lower language scores but that diarrhea was not significantly associated with development (53). Interestingly, our nutrition and garden workshops were associated with a reduction in episodes of both diarrhea and respiratory infections, and furthermore the number of diarrheal episodes in the month prior to our final evaluation had a borderline impact on increasing the risk of language delay. This suggests that the reduction in language delay may be associated with improvements in child health due to the nutrition interventions. This would align with a Brazilian study showing that early childhood diarrhea was associated with impaired fluency of language (54), and with an Haitian study where a link between nutritional factors (breastfeeding and complementary feeding frequencies, dietary diversity, egg and oil intake) and reduced infectious diseases improved language outcomes (55). Giving that early language development predicts future speech, grammar, reading, academic achievement and intelligence (56), our study provides evidence that our feasible intervention may have long-term benefits for children in these communities.



Importance of Non-intervention Realities (MMN and Pets) on Child Development

An unexpected finding was that higher number of pets was associated with increased risk of motor and social/cognitive delay. Comparisons between communities showed that IC children had more dogs and cats at their homes, whereas CC children were more frequently exposed to vermin. Both pets (57) and vermin are vectors of infectious diseases (58–61). A study in Argentina identified that a greater number of people and animals (dogs, cats, chickens) in the home was associated with a greater infestation and abundance of disease-transmitting insects (61), but the association of the presence of pets with increased risk of areas of developmental delay has not been reported before. Domestic animal control may constitute a neglected preventable risk factor for child's health.



Lessons Learned

This project recognized that mothers from the communities who were trained as CHPs were effective agents of social change. Wawa Illari taught us the value of empowering mothers independent of their educational level with tools that benefit themselves and their families.

Working with people in disadvantaged communities requires empathy, trust and flexibility. We learned that some community processes, such as CHPs' and caregivers' learning rhythms and creating trust and bonds with the community cannot be forced or rushed. The “step-by-step” learning system was key for achieving effectiveness in the practical application of concepts in gardens, hygiene, balanced meal preparation and appropriate caregiver child interaction.

Methodologies and field delivery systems need to be adapted to local capacities and field realities. Our monitoring and learning system revealed the importance of ongoing adaptation to changing situations including the inclusion of new institutional partners and implementing delivery mechanisms to reach intervention families.

There were situations of intra-family violence that discouraged CHPs from approaching violent households. The CHP, with our help, was able to understand that each family was a complex world. By listening to, learning from and adapting to CHPs and families' learning rhythm, schedules and routines we managed to implement a highly personalized and impactful project.

In order to reach the most vulnerable, we had to work within a parallel informal economy, weakly functioning institutions, and lack of basic water and sanitation infrastructure. Given that some communities lived in territories under no official state jurisdiction, they were not covered by legal benefits. Although out of the scope of our intervention, we realized that without local policies that improve essential community services, no intervention would be sufficiently effective for children to achieve their full potential.



Strengths and Limitations

We were able to demonstrate an impact on food security, frequency of diarrheal and respiratory infections, and on language development. Indirect impacts of improving nutrition and caregiver-child interactions were observed through changes toward healthier feeding practices with increased intake of nutrients that are essential for child development, the treatment of parasitic infections and the support of MINSA policies regarding frequent growth and development follow up and intake of MMN. However, the 12-month timeframe of intervention may have been too short to demonstrate significant changes in traditional anthropometry indicators.

Initial differences between IC and CC made it more challenging to attribute changes directly to the intervention.

The Wawa Illari project was developed amid adverse circumstances, where frequent changes of health authorities at national and regional levels during the time of the project made administrative processes difficult. Political instability precluded us from reaching and making agreements with health authorities at the national level. Fortunately, constant communication with CHPs, support from local health authorities and health personnel, and family commitment to the methodology facilitated the resumption of activities and the continuity of the project.




CONCLUSION

Through this multisector intervention that included home gardens, conscious nutrition workshops, and parenting skill development, we were able to demonstrate improvement in food security and language development in young children within a 12 months period, despite unfavorable field and institutional conditions. The success was in part attributed to on-site adaptations to adjust to changing local circumstances. The study highlights the value of framing indictors to the broad spheres of early motor, social/cognitive and language development. Importantly, we showed that training CHPs using the “step-by-step” learning system was effective for helping them to learn key messages and also to have a methodology for delivery of health-related knowledge and skills to caregivers in a way that allowed them to integrate activities into their daily life.
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FOOTNOTES

1Contact information on “step-by-step” training: sofia.mazzini@gmail.com.
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This paper describes the development of the Irie Homes Toolbox, a violence prevention program targeting parents of children aged two to six years. The intervention was designed to complement an existing, teacher-training, violence prevention program, the Irie Classroom Toolbox, thus promoting an integrated approach across home and school settings. The Irie Homes Toolbox was developed through a four-stage process by integrating data from theory, formative research, and practice to ensure the intervention is acceptable, feasible, relevant, and effective in the context. The perspectives of Jamaican preschool teachers and parents of preschool children, who are the end users, were integrated into the design of the intervention throughout the development process. Stage one involved integrating theory and formative research to inform the initial intervention design. Stages two and three involved iterative cycles of design, implementation and evaluation of the intervention content, process of delivery, structure and materials. Stage four involved a further cycle of learning through a process evaluation conducted as part of a cluster-randomized controlled trial. Data from each of these four stages was used to inform the design and ongoing revisions of the toolbox with the aim of developing a low-cost, scalable and sustainable intervention for the Jamaican context. The resulting program is theory-informed and uses empirically derived content and behavior change principles operationalized for the context in which it will be delivered. The Irie Homes Toolbox is suitable for integration into the existing preschool provision in Jamaica, thus utilizing an existing service and existing staff and increasing the likelihood for wide-scale dissemination.

Keywords: violence prevention, parent training, intervention development, early childhood, behavior change, low-and middle-income country


INTRODUCTION

Globally, violence against children exists in almost all countries with the violence often being committed by caregivers (1). This violence is mainly due to the use of harsh discipline practices. The use of psychologically aggressive (e.g., name-calling, yelling) and physically violent (e.g., slapping, beating with an object) discipline practices are considered violence against children or child maltreatment (2). The use of physical violence on children is a direct breach of their human rights and an increasing global concern (3). Approximately 300 million children aged two to four worldwide are disciplined violently by their parents on a regular basis (1). It is estimated that 80% of children globally are spanked or hit at home (4). The use of physical punishment has been shown to be associated with increased child externalizing behavior, antisocial behavior, internalizing problems, lower cognitive ability, and lower self-esteem (5). These associations may also persist into adulthood resulting in increased violent and/or criminal behavior, antisocial behavior, mental health problems, and perpetuation of violence against their own children or spouses (5–7).

Parenting interventions are a key strategy used to prevent violence against children (8). A meta-analysis of child maltreatment parenting programs reported reductions to child maltreatment with an effect size of 0.2 SD, and reported benefits to parents' positive parenting practices, attitude, and self-confidence (9). The majority of studies in the meta-analysis included children younger than five years and interventions were delivered individually (e.g., through home-visiting or in clinic-based sessions), through group parenting sessions or a combination of both. In addition to preventing violence against children, these programs may also prevent child conduct problems, including the development of aggressive behavior (8). This is achieved by educating parents about the importance of positive attention and training them in non-violent alternatives to physical discipline (10).

Jamaican parents regularly use verbal aggression and physical punishment to discipline their children (11). In a study on parenting practices in 24 developing countries, 84% of Jamaican caregivers reported using physical discipline on their children aged five and younger; this was the highest prevalence of all the countries (12). In 2016, Jamaica became one of the first pathfinder countries in the global partnership to end violence against children. Both non-governmental organizations and the government have joined forces to end violence against children (13). The pervasiveness of caregivers' use of violent discipline strategies combined with the push globally and nationally for strategies to end violence against children, show an urgent need for a parenting intervention targeting violence prevention that can be effectively disseminated at scale in the Jamaican setting. Previous qualitative work with parents of preschool children in Jamaica has shown that although parents report frequent use of corporal punishment with their young child, they believe it is undesirable and ineffective suggesting that they would be receptive to training in behavior management (14).

Integrating such programs into existing services would promote parent participation and program sustainability. The most common services accessed by parents of young children are the health and education sector. For example, a parenting program for parents of two to six year old children, implemented in child health clinics in Iran decreased dysfunctional parenting practices and child physical and emotional abuse (15) and a training program for parents of three to seven year old children in Liberia, delivered in school settings, reduced the frequency of harsh punishment, and increased positive parenting practices (16). In Jamaica, we have demonstrated in efficacy trials that integrating parenting interventions into the existing primary health service has the potential to improve child development (17, 18); however sustaining these interventions has proved difficult due to staff workload (19).

Jamaican preschools cater to children aged three to six years and over 98% of young Jamaican children attend preschool. Training Jamaican preschool teachers in appropriate discipline techniques has shown benefits to teachers' child behavior management practices (20). We have developed a teacher-training, violence prevention program, the Irie Classroom Toolbox, to prevent violence against children (21). The Irie Classroom Toolbox has been evaluated with preschool and grade one primary school teachers and has shown large reductions to teachers' use of violence against children (22, 23).

Developing a complementary parent-training program to be implemented in preschools is a logical next step and has the potential for near universal coverage. Integrating the Irie Homes Toolbox into the services offered to parents through community preschools maximizes on this training of preschool teachers as (1) teachers trained in the Irie Classroom Toolbox can deliver the intervention with the parents, and (2) it promotes an integrated approach across home and school settings. In addition, integrating training in violence prevention into early childhood educational services will promote a high quality caregiving environment for young children that is safe, secure, and nurturing, in addition to providing cognitive stimulation. Provision of integrated violence prevention and early childhood development interventions thus promote child development across multiple domains, address multiple risk factors, and help children develop to their full potential (24, 25). Early childhood is a critical period for children's development and optimal development provides the foundation for future physical and mental health (26). Integrated interventions thus have the potential to lead to population-level improvements in child health and well-being (27).

This paper describes the development of the Irie Homes Toolbox, a violence prevention parenting program for parents of children aged two to six years. The main aims of the Irie Homes Toolbox are: (1) to prevent violence against children by parents/caregivers of young children, (2) to promote positive parenting practices including positive discipline, and (3) to prevent the early development of antisocial behavior in young children. The Irie Homes Toolbox was developed as a complementary program to the Irie Classroom Toolbox to promote an integrated approach to child behavior management across home and school settings. It was developed to be integrated into the existing preschool network and to be suitable for implementation by preschool teachers. Preschool teachers have regular contact with parents and are ideally placed to engage parents in a parent-training program being conducted at school. “Irie” is a Jamaican word that describes feeling at peace and in harmony with oneself and with others.



METHODS

The Irie Homes Toolbox was developed over fifteen months using the framework of the UK Medical Research Council Guidance on Developing and Evaluating Complex Interventions (28). The development process consisted of four stages (Figure 1). The first stage involved integrating theory, empirical evidence, and the perspectives of the end users to inform the initial design of the program; the second stage involved repeated piloting of individual sessions to develop a first draft of the intervention; the third stage was a full piloting phase in which the entire intervention was piloted in five different preschools with groups of six parents, and the fourth stage involved conducting a quantitative and qualitative process evaluation of the intervention as part of a cluster randomized controlled trial. Within and between each stage, ongoing revisions were made to the intervention content, mode of delivery, structure, and materials based parents' and preschool teachers' suggestions and on the observations and experiences documented throughout the process by the research team. These iterative cycles of design, implementation, and evaluation were conducted to promote the acceptability, feasibility, relevance, and effectiveness of the intervention with the target population. All activities in the four stages of the development process were conducted by the authors of the paper and a female research assistant with extensive experience working in Jamaican preschools. Ethical consent for the study was obtained from the University of the West Indies (ECP 144, 17/18) and from the School of Psychology, Bangor University (ref: 2018-16364). Signed, informed consent was obtained from all parents and teachers participating in the study.
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FIGURE 1. Stages in the development of the Irie Homes Toolbox.



Stage One: Preliminary Intervention Design


Methods

In stage one, conducted in December 2017 and January 2018, we integrated evidence from theory, empirical research studies and the perspectives of Jamaican parents. The first step involved identifying the core components of evidence-based parenting programs related to both the content and methods of implementation (29). The focus was on programs targeting parents of children between two and eight years that aimed to improve positive and reduce negative parenting practices, reduce child maltreatment, and/or reduce child behavior problems. We included programs focussing on child maltreatment and on child externalizing behavior, as both types of program include training parents in appropriate discipline techniques. Programs reviewed included the Incredible Years Parenting Program (30), Triple-P Positive Parenting Program (31), Parent Management Training Oregon Model (PMTO) (32), Parent-Child Interaction Therapy (33), Parent Corps (34), and ACT Raising Safe Kids (35) from high-income countries and Sinovuyo (36), Parents Make a Difference (15), and Projecto Paceria (37) from low and middle-income countries (LMIC). We also examined reviews and meta-analyses of the common core components of parenting interventions to identify the components that lead to more effective parenting interventions to prevent and reduce children's externalizing behavior (38–40) and to prevent and treat parents' use of violence against children (41–43). As the parenting intervention is planned as a complementary program to the Irie Classroom Toolbox, we also identified components from the Irie Classroom Toolbox that would be applicable to parents. We created a working draft of possible content and behavior change techniques that would be used in the intervention from these three sources of information, [that is from: (1) the content and method of implementation used in evidence-based parenting programs, (2) qualitative and empirical reviews of common core components from interventions for externalizing behavior and to prevent violence against children, and (3) the core components from the Irie Classroom Toolbox]. To operationalise these core components for the Jamaican cultural context and to inform the design of the intervention materials, we conducted a series of rapid interviews with parents of preschool children to identify common child misbehaviours, discipline strategies used, and examples of everyday activities of Jamaican parents and young children. Through these interviews, we identified the language used by parents to describe children's positive and negative behaviors and words parents use to praise and to chastise children. This information was essential for designing the intervention so that it resonated with the intended particpants and was appropriate for the cultural and economic context. We approached four inner-city preschools to assist us with this initial development. We chose preschools that were located close to the university, were reasonably representative of inner-city preschools in terms of size, staffing, and facilities available, and with whom we had a good working relationship from previous studies. Parents of children attending the school were selected by convenience and a group of ten parents in each school were interviewed. Interviews were conducted on the school compound and lasted approximately fifteen min. A total of thirty-five mothers and five fathers participated in these interviews. The topic guide included: (1) questions about child behavior (e.g., “What are some things that your child does when they are giving trouble?” “What are the main problems you have with your child?”), (2) questions about parent behavior (e.g., “What are some things you say to your child when s/he misbehaves?” “Tell me some of the reasons you slap your child.” “What do you say to your child when s/he is being good?” What instructions do you have to repeat constantly to your child?”), and (3) questions about child activities (e.g., “What game does your child play and what toys does s/he play with?” “What does your child do after school?”). Finally, we developed a theory of change to underpin the intervention development. The theory of change for the Irie Homes Toolbox is similar to that for the Irie Classroom Toolbox and incorporates the COM-B system for understanding behavior which states that for a behavior to occur and be sustained, three factors are required: capability, motivation and opportunity (44). Behavior change techniques to promote these three factors are thus incorporated into the intervention.



Results

The common core components of evidence-based parenting interventions and the components of the Irie Classroom Toolbox relevant to parents are shown in Table 1. The core components that have been shown to be most effective in programs targeting child behavior problems vs. child maltreatment share some commonalities and there are also some differences. For programs targeting child externalizing behavior, building a positive parent-child relationship through nurturing, positive and sensitive interactions, the use of praise and positive reinforcement, emotional communication, and learning appropriate discipline methods such as time-out and consequences have been shown to be important components (38, 40). For programs targeting child maltreatment, learning non-violent discipline approaches, daily child-led play, and parental self-management skills have been shown to be most effective (41, 42). In terms of the process of delivering the content, the most effective programs are delivered in a non-stigmatizing way, focus on building parents' self-confidence and involve modeling, rehearsal and practice, supportive feedback, homework assignments, and problem-solving activities (38, 42, 43). These components were thus included in our initial intervention design. We also prioritized relevant content and process components from the Irie Classroom Toolbox as these components (1) have proven effectiveness in the Jamaican setting, and (2) are used by the preschool teachers who will ultimately deliver the intervention to parents. The content used most and most liked by teachers included paying attention to positive behavior, explicitly teaching the expected behavior, giving clear instructions, and interactive reading (21). The training methods most valued by teachers included rehearsal and practice, giving positive and supportive feedback, ensuring teachers recognized the benefits of the intervention to the children and to themselves, group support, provision of necessary materials to implement the intervention, and making sessions fun (21). Table 2 outlines how the parent interview responses were used in intervention development to ensure the program was acceptable, relevant, and feasible for the Jamaican cultural context. The responses were used in the design of role plays, practice activities, visual aids, and problem-solving activities. The theory of change is shown in Figure 2. The core intervention content is delivered using evidence-based behavior change techniques leading to increases in parents' skills, motivation and opportunity to use the strategies with their child. This leads to improved parental outcomes including increased positive parenting, reduced negative parenting, and reduced violence against children. The improvements in parental outcomes in turn lead to improved child behavior and school readiness skills. Using the information from the review of core components, parental interviews and theory of change, we developed an outline of the content and process delivery of the intervention for testing in stage two.


Table 1. Core content and behavior change techniques used in parenting interventions to prevent and/or treat child disruptive behavior and child maltreatment and in the Irie Classroom Toolbox.
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Table 2. How parents' interview responses were used in the development of the intervention.
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FIGURE 2. Theory of change.





Stage Two: Designing the First Draft of the Intervention


Methods

The aim of stage two was to undertake preliminary piloting of the intervention content and methods of implementation to produce a first draft of the intervention. The activities for stage two were conducted in February and March 2018. We continued to work within the same four community preschools that participated in stage one and convenience samples of five to twelve parents were invited to participate in sessions. The majority of participants were mothers although four fathers and one grandfather were included in the sample. Sessions were conducted at the beginning of the school day. Each individual session was piloted twice with different groups of parents, with ongoing revisions based on lessons learnt during each session. During these sessions one member of the team delivered the content while another team member made notes on: (1) parents' engagement, level of understanding, ability to use the strategies, and what content resonated within the group, (2) ideas for materials and visual aids that would help to promote parents' understanding and engagement, (3) session logistics including session structure, duration and optimal group size. Throughout the process of piloting the sessions, we used the following guidelines to inform our decision making and note taking:

• Be reflective: constantly think of ways to improve the acceptability, feasibility, relevance, and effectiveness of the program.

• Evaluate whether parents understand and are able to use the concepts introduced and plan how their knowledge and skills can be improved.

• If something does not work, or does not work well, problem solve in real-time. Try a different approach and document what happens.

• Pay close attention to the group vibe; if it's flat then something is wrong. Identify ways to maximize participation, fun, and interest.

• Pay attention to individuals in the group, ensure all are participating.

• Make note of scenarios that resonate with the group.

• Note parents' strengths and needs throughout the session.

• Note examples that parents give and use their comments and ideas to revise the content and delivery of the program.

After each session, the notes were discussed among the research team and decisions made to increase the acceptability, feasibility, relevance, and effectiveness of the intervention. These decisions were incorporated into the relevant session prior to piloting the session with a different group of parents.



Results

Tables 3, 4 show how we operationalized our key principles of acceptability, feasibility, relevance and effectiveness based on our observations and notes as we piloted the intervention. To promote acceptability, we aimed to: (1) ensure the intervention was fun and engaging, (2) acknowledge parents' current strengths, and (3) help parents see the benefits of the program. The key factors influencing feasibility were considered to be: (1) session logistics, (2) the equipment required to conduct the intervention, (3) whether parents could easily integrate the content into their daily lives, and (4) how to individualize the content to ensure participants' individual needs were met. To promote the relevance of the intervention, we ensured that the material resonated with the parents and met their needs. In addition, as this is a preschool-based program, we included content on how parents can support their child's homework. The acceptability, feasibility, and relevance of the intervention are all critical to its effectiveness. Additional factors considered under effectiveness were: (1) the optimal group size, (2) parent understanding and skill using the strategies, (3) parent motivation, (4) parents' reports on their use of the strategies at home, (5) parents' ability to generalize their use of the strategies, (6) ensuring the sessions are supportive, collaborative and non-critical, and (7) designing the session structure (Table 4).


Table 3. Decisions made to improve the acceptability, feasibility, and relevance of the intervention.
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Table 4. Decisions made to improve the effectiveness of the intervention.
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A core component of the intervention is to encourage parents to engage in daily child-led play or Irie Time. To ensure parents had the resources available to do this, we decided to include a toy or book in the materials given to parents after each session. We choose toys that facilitated free-play such as blocks, cars, animals and a pretend play set, rather than structured toys such as puzzles, and matching games. We also included three wordless picture books. Two of these books were adapted from the Reach Up and Learn parenting intervention, additional details, and extra pictures were added to make them more suitable for the older child age range targeted in this intervention (45). One book was designed specifically to reinforce content introduced through the program. This book encouraged parents to label children's emotions and included pictures of children expressing different emotions followed by a scenario in which a child may feel that way (for example, a sad face followed by a picture of a child looking sad because they dropped their ice-cream). During the session, we demonstrated the child-led play or book activity, encouraged the parents to practice, and then parents played or read with their child during the session with support from the facilitators. In this way, we capitalized on the fact that the sessions were being conducted at school as children could join the sessions for the play activity only. During the rest of the session, the children were in their classroom and no child-care was required.

By the end of stage two, we had developed an initial draft of the content and process of delivery of the intervention and designed the intervention materials (for example, picture cards, charts, take-home cards for parents, homework assignment record forms for parents, picture books) to be tested in stage three.




Stage 3: Design of the Final Draft of the Intervention


Methods

The first draft of the Irie Homes Toolbox produced through stage two activities consisted of eight 90-min sessions. The full program was then piloted in five new community preschools from April-June 2018. The ultimate goal is for the Irie Homes Toolbox to be delivered by preschool teachers who have been trained in the Irie Classroom Toolbox, hence it was important to include the perspectives of preschool teachers in the development of this parenting intervention. We invited preschools whose teachers had participated in the Irie Classroom Toolbox training to assist us (46). Harsh punishment is common in Jamaica preschools and the rationale for involving teachers who were already familiar with the Irie Classoom Toolbox was that these teachers had developed a good understanding of child behavior management strategies and had experienced the training methods used to help them to change their discipline practices. Six parent-child dyads were recruited from each school, giving a total sample size of thirty parents. The parents were selected based on interest and availability. When a parent dropped out of the program before the sessions began or after attending one session, an additional parent was recruited to participate in the training sessions. The participating parents' children were aged two to six years with a mean age of 3.5 years; 40% of the children were boys. There was one father and the remaining participants were mothers. The preschool principal allocated one teacher to assist the research team and the sessions were delivered in collaboration with a teacher from each school. This ensured that we could include the perspectives of preschool teachers in the intervention design and we could identify challenges associated with teacher participation. Two team members attended each session, one acting as a facilitator and one as a notetaker. After each session, the facilitators and the preschool teacher reflected on (1) parents' level of understanding of the content presented and acquisition of skills, (2) parents' degree of engagement and participation during the session, (3) parents' ability to generalize and apply the skills across multiple activities and contexts, and (4) examples of child and parent behaviors that resonated with the group. These notes were then used to refine the content, delivery, structure, and materials of the intervention with the aim of increasing its acceptability, feasibility, relevance, and effectiveness. These changes were made on an ongoing basis so the refinements could be implemented and piloted in an iterative and cyclical process of design, implementation, and evaluation. In stage three, we also piloted parent recruitment and engagement strategies and made notes on teachers' engagement in the sessions as co-facilitators.



Results

Table 5 outlines the refinements made to the content, delivery, materials and structure of the intervention based on the data collected from piloting during stage three. Refinements included: (1) adding content related to parents' personal needs, (2) adapting the training methods for content that parents found more difficult, (3) making changes to the session structure, (4) designing additional materials, (5) building more redundancy into the parenting sessions, and (6) providing additional guidelines for the co-facilitator. The data was used to develop the final draft of the Irie Homes Toolbox to be tested in a cluster randomized controlled trial. A summary of how the information from stages one to three was used to ensure the content and methods of implementation used in the Irie Homes Toolbox are acceptable, feasible, relevant, and effective in the context is shown in Figure 3.


Table 5. Refinements made to the content, delivery, materials, and structure of the intervention in stage three.
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FIGURE 3. Acceptability, feasibility, relevance and effectiveness of a behavior change intervention.


The most effective recruitment strategies involved working through the teachers and/or school principal rather than the research team recruiting parents directly. Three of the parents recruited directly by the research team decided they no longer wanted to participate before the program commenced and four parents attended only the first session. These parents were replaced by parents recruited through their child's teacher and/or the school principal. The average attendance of the participating parents was 81% (range 50–100%). We also found that the collaborating teachers would rarely attend the entire session and would leave the sessions frequently to attend to other duties. To promote teacher engagement, we therefore included a structured and scripted co-facilitator role for the teacher in the revised intervention as shown in Table 5.




Stage 4: Implement Intervention and Conduct Ongoing Process Evaluation


Methods

The intervention was tested in a cluster-randomized trial in eighteen community preschools that had not participated in stages one to three. The parenting sessions were implemented during the period September 2018 to April 2019. Preschools were selected to participate in the trial based on the following criteria: (1) had participated in the Irie Classroom Toolbox training and had two or more Irie trained teachers still working at the school, (2) were interested in participating in the program, (3) had parents who consistently dropped children and/or picked up children from school rather than a driver, (4) had no other structured parenting program currently operating, and (5) the principal and all teachers in the school consented to participate in the study. Nine preschools were randomized to participate in the parenting intervention and an ongoing process evaluation was conducted. Parents were recruited at the school by the research team with the help of the teachers and principal. A minimum of six parents were recruited from each school in the Autumn term and an additional six recruited in the Spring term resulting in a minimum total of 12 parents per school. The inclusion criteria for parents were: (1) interested in participating in the program, (2) able to stay back for 90 min either in the morning after dropping off their child or in the afternoon when they came for pick-up one day a week, and (3) parent gave consent for him/herself and his/her child to participate in the study. The quantitative results from the trial will be reported separately. In this paper we are focusing on the process of developing the intervention. One hundred and fifteen parent-child dyads participated in the intervention. The children were aged two to six years old with a mean age of four years; 52.2 % of the sample were boys. Caregivers had mean age of 31 years, 104 (90.4%) were mothers, two (1.7%) were fathers, and nine (7.8%) were other relatives. Less than half the parents completed high school (46%) and 43% were in paid employment. The ultimate aim is for the preschool teachers to implement the intervention. However, in this small-scale efficacy trial we wanted to assess the effectiveness of the program when delivered consistently and with high fidelity; when the intervention is delivered by teachers the quality of implementation may be more variable. Hence, a member of the research team delivered the intervention. Each school principal allocated one preschool teacher to assist the research team by co-facilitating the parenting session. This ensured that we were able to continue integrating the perspectives of the preschool teachers, into the program design. Parenting sessions were held on the school compound (in the school yard or any available room), once a week for eight weeks and lasted 90 min.

The ongoing process evaluation included a quantitative and qualitative component. The quantitative component included recording parent and teacher attendance. For the qualitative component, after each session the facilitators (including the preschool teacher) discussed the session together and then the main facilitator completed a record form that documented enablers and barriers related to: (1) the content of the session (for example, what resonated with parents and what was more difficult), (2) the process of delivery (for example, techniques parents enjoyed the most and least), (3) the context in which the session was delivered (for example, logistics and environment), (4) the involvement of the children, (5) teachers' co-facilitation of the sessions, and (6) facilitators' skills in delivering the session. Notes were also made on individual parents' engagement, understanding, strengths, and needs. Facilitators noted their perceptions of which strategies were most acceptable, feasible, relevant, and effective and suggested solutions to any problems encountered in implementing the intervention. The information from the facilitator record forms was used to further refine the Irie Homes Toolbox.

In addition to the ongoing process evaluation, in-depth, individual, semi-structured interviews were conducted with a subsample of participating parents (n = 28) and with one teacher from each preschool who co-facilitated the sessions (n = 9). A section of the interview focussed on participants' perspectives of the main benefits of the program and is reported here. One or two parents from each school who had attended a minimum of four sessions were randomly selected for interview. Eighty three (79%) parents had attended four or more sessions and fourteen parents were randomly selected from participants in round one (Autumn term) and a further fourteen parents were randomly selected from participants in round two (Spring term). In-depth interviews with parents were conducted over two phases, within one month after the end of the sessions. Teacher interviews were conducted at the end of round two. Interviews were conducted in a quiet place in each preschool by a female research assistant who had not been involved in implementing the sessions. All interviews were recorded and transcribed. The analysis was conducted using the framework approach which is particularly appropriate for applied research with specific objectives (47). Codes were developed by HBH and a trained research assistant applied the codes to the data and developed the thematic charts. The coding was checked by TF and any discrepancies were discussed and resolved by TF and HBH.



Results

Parental attendance averaged 71.5% in round one (Autumn term) and 67.1% in round two (Spring term). 61.8% parents attended six or more sessions with 28.7% all eight sessions. We documented the reasons for parent non-attendance and 79% of the absences were rated as legitimate. Legitimate absences were absences that were deemed unavoidable such as: clinic/doctor visit, called in to work unexpectedly, child being sick, unchangeable appointments, and meeting at older children's school. Teachers co-facilitated a mean of 7.1 (SD 0.9) sessions in round one (the Autumn term) and 3.4 (SD 2.8) sessions in round two (the Spring term). In the Spring term, teachers had many competing activities and responsibilities and attendance was more challenging. In addition, teachers were confident that the facilitator would continue to conduct the sessions if they were absent and this also led to reduced attendance, especially in the face of competing activities.

Facilitators made notes of multiple instances that supported the fact that the intervention developed was acceptable, feasible, relevant, and effective to the participants. In terms of acceptability it was noted that parents would consistently laugh and have fun with the games, role-plays, and visual aids presented. Parents were eager and willing to participate in the different activities during the sessions and they would incorporate their own personality and flair to the activities further confirming their acceptability. The feasibility of the strategies was shown through the parents' reports on how they used the strategies at home in different situations. The relevance of the intervention was illustrated through the discussions in which parents shared instances of issues they were experiencing with their child and would provide examples of how the strategies helped them at home. Throughout the sessions, facilitators documented evidence of effectiveness including parents being able to use strategies with little to no prompting and becoming more confident and skilled in using the strategies as the weeks progressed.

Tables 6, 7 present the evidence from the qualitative interviews on parents' and teachers' perspectives of the benefits of the intervention. Both parents and teachers reported that parents had better emotional self-regulation skills, used less violence against their child(ren) and that parent-child relationships improved. Parents also reported being more confident and proud of their parenting skills, while teachers reported that parents used more praise with their child and showed more interest in school activities. Teachers reported similar benefits to themselves from co-facilitating the sessions, especially in terms of better emotional self-regulation, less violence against children (both in the classroom, and with their own children), and using the other strategies introduced through the program (e.g., praise, modeling, withdrawing attention, and redirecting children's attention) more frequently than previously at school and at home. Parents and teachers also reported similar benefits to children including children being more independent and displaying fewer behavior difficulties (for example, less aggression, and fewer tantrums). Parents also reported increased child compliance and an increase in their child's positive behavior and emotions. Teachers perceived children of participating parents to be more confident in school. Teachers also reported benefits to their relationships with parents and expressed more empathy with and understanding of parents and the difficulties they faced.


Table 6. Parents' perceptions of the benefits of the Irie Homes Toolbox.
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Table 7. Teachers' perceptions of the benefits of the Irie Homes Toolbox.

[image: Table 7]

Table 8 shows the barriers faced in implementing the sessions with the changes made to address these barriers. This data was used to further refine the Irie Homes Toolbox to produce the final version of the program.


Table 8. Areas of the intervention requiring revision as extracted from the process evaluation tool and changes made in stage four.
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Description of the Irie Homes Toolbox

The intervention developed through the four stages of this study is a violence prevention program for parents of children aged two to six years called the Irie Homes Toolbox. The main goals of the program are to prevent and/or reduce parents' use of violence against children, increase positive parent-child interaction, and prevent and/or reduce child externalizing behavior problems. The Irie Homes Toolbox is a group-based parenting program consisting of eight sessions, each lasting 90 min, delivered once a week for eight weeks. Each of these eight sessions follows a set structure that includes (1) a game or song, (2) feedback from the previous week including a discussion of the home assignment, (3) introduction of a new topic consisting of discussions, role plays, demonstrations, rehearsal, and practice, (4) introduction of a child-led play or picture book reading activity with demonstration, rehearsal, and practice, (5) practicing the child-led play or book activity with their child with supportive feedback, and (6) review, goal setting, and allocating homework assignment. The toolbox consists of content divided into five modules (1) promoting positive behavior, (2) preventing misbehavior, (3) understanding emotions, (4) managing misbehavior, and (5) supporting homework (Table 9). In each session, parents are encouraged to spend daily Irie Time with their child which involves spending quality time with their child and following their child's lead while playing with toys and/or looking at picture books (Table 9). The content covered through the eight sessions of the program is represented in the Irie Tower (Figure 4). The Irie Tower has the blocks representing the positive parenting strategies at the base of the tower as these form the foundation of the program. As the sessions progress, parents are encouraged to use the blocks near the bottom of the tower every day and to only use the blocks at the top when absolutely necessary. Materials used in the Irie Homes Toolbox include materials for facilitators and materials for parents (see Figure 5 for examples of these materials). Materials for facilitators include: (1) a fully scripted training manual including the training scripts for the eight sessions, (2) visual aids (including pictures of parents and children engaged in everyday activities and routines, pictures of parents using the strategies introduced in the program, and pictures of children engaged in common misbehaviors), (3) hand-held charts with key points from the session, and (4) the Irie Tower. Materials for parents include: (1) a take-home card for each session summarizing the content introduced, (2) a homework assignment record for each session, (3) selected toys and picture books for parents to use during Irie Time and (4) an Irie Parent Oath that parents sign on completion of the program (Figure 6).


Table 9. Session content of the Irie Homes Toolbox.
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FIGURE 4. The Irie Tower: pictorial representation of the strategies introduced in the Irie Homes Toolbox. The base of the tower (green blocks) are strategies to promote positive behavior and to build a positive parent-child relationship. The yellow blocks are strategies to prevent child misbehavior. The orange and red blocks are strategies to manage child misbehavior. Parents are encouraged to use the strategies in the two bottom rows liberally and the strategies in the top rows more sparingly.



[image: Figure 5]
FIGURE 5. Examples of resources used in the Irie Homes Toolbox.



[image: Figure 6]
FIGURE 6. The Irie parent oath.





DISCUSSION

The development of the Irie Homes Toolbox was guided by theory, evidence, and practice. Through a series of four stages, the intervention content, materials, structure, and process of delivery was tested through an iterative and cyclical process of design, implementation and evaluation with the aim of producing a parenting intervention that was acceptable, feasible, relevant, and effective in the context. The resulting intervention: (1) is theory-informed and incorporates evidence-based content and evidence-based behavior change principles, (2) was developed with participation of Jamaican parents and teachers who are the end users, and (3) was designed to be low-cost and integrated into the existing preschool network thus promoting wider dissemination and sustainability. Evidence from stage four showed that parent attendance and retention in the intervention was good indicating that the intervention was acceptable to parents. Parents and teachers reported benefits to parenting and child behaviors that were targeted through the intervention. Specifically, this included: (1) parents using less violence against children and spending more time building a positive relationship with their child, and (2) children displaying more positive behaviors and fewer behavior difficulties at home and at school. These perceived benefits indicate that parents understood and were willing and able to use the strategies taught through the program, providing evidence for feasibility, relevance, and the perceived effectiveness of the intervention. Parents reported greater confidence in their parenting skills which is likely due to the positive, supportive, and non-critical nature of the program in combination with the changes that they perceived in their own and their children's behavior. The advantages of integrating the intervention into the preschool network were evident as teachers reported benefits to their relationship with the parents and to parents' interest and engagement in school activities. There was also evidence that teachers' involvement in delivering the Irie Homes Toolbox reinforced and enhanced their previous training in the Irie Classroom Toolbox as they reported increased use of appropriate child behavior management strategies in the classroom, in addition to with their own child(ren). The fact that teachers reported benefits to their own personal and professional life is promising as interventions are most likely to be sustained when there are clear benefits to the persons delivering an intervention, in addition to the intended beneficiaries (48). In previous qualitative research with Jamaican preschool teachers, we found no evidence of teachers showing empathy with parents and it was encouraging that in this study, teachers also reported an increased understanding of parents and the difficulties they faced (14). Empirical evidence of effectiveness will be reported separately with the results from the impact evaluation.

There are three broad categories in the literature for the development of behavior change interventions that involve: (1) transporting an existing evidence-based program for use in a new cultural and/or economic context [for example, (49)], (2) developing an intervention specific for the context [for example, (21, 36)], and/or (3) learning while growing which involves continually improving an existing intervention [for example, (50)]. For the development of the Irie Homes Toolbox, we developed a context-specific intervention while also learning while growing through iterative cycles of design, implementation, and evaluation with the results being used to continually improve the intervention. In developing an intervention specifically for the context, we transported and adapted evidence-based principles, rather than transporting an evidence-based program. This approach has several advantages. Firstly, the resultant intervention will be specific to the needs and context of the target group (51) and may lead to a more efficient intervention. For example, in a previous study of training Jamaican preschool teachers in child behavior management, we found that making substantial adaptations and additions to an evidence-based program (in this case the Incredible Years Teacher Training Program) led to a more efficient intervention, requiring less support, and supervision for participants, than when using a minimally adapted version (20). Secondly, there is a growing call for programs to be made freely available globally (52) and this is especially important in low and middle-income countries where the upfront and ongoing costs associated with many packaged programs are prohibitively high. Thirdly, there may also be challenges related to workforce capacity due to the need for highly skilled professionals to deliver some of these existing programs (53). The Irie Homes Toolbox was designed to be integrated into the existing preschool network and to be delivered by preschool teachers, many of whom are paraprofessionals. Fourthly, an intervention that has been developed in the context with participation from local stakeholders is likely to be more acceptable to participants, practitioners, and policy-makers. These factors suggest that transporting evidence-based principles and operationalising those principles for the setting may lead to an intervention that is more scalable and sustainable for that particular context (21).

The Irie Homes Toolbox incorporates the use of evidence-based behavior principles with a particular emphasis on behavior change principles that have been shown to be most valued by Jamaican preschool teachers in a complementary teacher-traning program. These behavior change principles include rehearsal and practice, positive feedback, group support, provision of materials, and ensuring sessions are fun and interactive (21). These methods are used extensively in the implementation of the Irie Homes Toolbox. The use of complementary content and methods of implementation across both the teacher and parent-training programs has several advantages including (1) promoting consistent use of strategies with children across home and school settings, and (2) making it easier for teachers to understand, adopt and implement the program with parents as it mirrors training that they have received. In addition, these interactive and practical training methodologies have been reported to be a key characteristic of effective early childhood parenting programs in LMIC in previous studies (49, 54–56).

The development and/or adaptation of interventions for use in LMICs often entail formative research (14, 57–60). Lachman et al. (36) developed a parenting program to address child maltreatment in South Africa by combining formative research with a theory driven approach that included identifying empirically-derived core components from the literature. To develop the Irie Homes Toolbox, we integrated data from three sources: (1) theory: including behavior change theory, the common core components of parenting programs and the core components used in the complementary teacher-training program, The Irie Classroom Toolbox, (2) formative research: seeking the perspectives of parents and teachers of preschool children, and (3) practice: repeatedly testing and revising the intervention under development with representatives from the beneficiary group. The intense piloting undertaken in this study as part of the intervention design provides the opportunity to pre-test every aspect of the intervention (content, process of delivery, structure, materials, recruitment, and engagement strategies) prior to wider-scale implementation to maximize the likelihood that it will be acceptable, feasible, relevant, and effective in the context. Enablers and barriers to the intervention's effectiveness were documented on an ongoing basis to ensure the intervention can be implemented in the real-world setting. In addition, the intervention was refined iteratively and collaboratively with the end users; incorporating the perspectives of the end users from the initial stages of design onwards increases the acceptability, feasibility, and relevance of the resultant intervention (61). During these learning cycles, we were able to identify problems, implement and evaluate possible solutions, and then implement the learning cycle again with the revised materials. These learning cycles continued until piloting of later drafts of the intervention resulted in little to no changes (29).

Following this development process, we now have an intervention that can be tested in a larger scale effectiveness trial. In the next phase of implementation, the program will be implemented by preschool teachers and supervised by government supervisors from the Early Childhood Commission. There will be a continued need for ongoing learning cycles to identify the strengths and needs of preschool teachers and government supervisors to implement the program and to identify the optimal levels of training and support to ensure the intervention maintains its effectiveness at scale. From a public health stand point, scaling up effective programs is critical to achieving population-level benefits in terms of reduced violence against children and reduced child externalizing behavior problems (62). However, few parenting interventions have been implemented successfully at scale, especially in LMIC, and paying attention to the scalability and effectiveness of an intervention from the design stage onwards is essential to wide-scale dissemination of effective programs. There were several decisions made in the development of the Irie Homes Toolbox to promote future scaling. Firstly, the Irie Homes Toolbox was designed as a complementary program to the Irie Classroom Toolbox. Preschool teachers who have been trained in the Irie Classroom Toolbox, and who are utilizing the strategies taught on a daily basis with children in their class, will deliver the Irie Homes Toolbox to groups of parents within their school. The Irie Classroom Toolbox is currently being disseminated nationally in Jamaica by the Early Childhood Commission, thus providing a strong foundation for the implementation of this intervention. Secondly, the Irie Homes Toolbox was designed to be relatively low cost, requiring few materials, or equipment. We choose not to rely on technology (e.g., video vignettes, audiotapes, presentations requiring a computer, or projector) and designed the sessions so that minimal resources were required. For example, all visual aids are hand-held so no flip-chart stand is required, and we used large pieces of cardboard placed on parents' laps to conduct child play activities rather than use a table. All materials required to implement the intervention are stored in a large, portable, plastic tub. Hence the sessions can be delivered across various locations within the school compound. Thirdly, throughout the development of the Irie Homes Toolbox, we continually revised and refined the intervention content, process of delivery, structure, and materials to promote its acceptability, feasibility, relevance, and effectiveness in the Jamaican early childhood education context. Although the intervention was developed specifically for the Jamaican context, the content, process of delivery, and materials of the program could be adapted to other LMICs. The Irie Homes Toolbox will be made available through a Creative Commons License to the global community.

The methods used in the development of the Irie Homes Toolbox are relevant for use in developing or adapting other educational and public health programs. We recommend an approach that integrates formative research, theory, empirically derived content and behavior change principles, with extensive piloting in the context. Throughout this process, ongoing attention should be given to ensuring the content, process of delivery, and materials used in the intervention meet the four key principles of acceptability, feasibility, relevance, and effectiveness. Figure 3 provides an overview of the key considerations involved in meeting these principles. Furthermore, it is important to engage the end users from the outset and to maintain their engagement throughout the development process. In addition, early consideration needs to be given to how, where, and by whom the intervention will be delivered as that will influence the design of the intervention. For an intervention to be suitable for use at scale, it is likely that it will need to be designed for use by an existing service, existing staff, and using low-cost materials. These factors have a strong effect on all four of the key principles of acceptability, relevance, feasibility, and effectiveness. Conducting a rigorous piloting and feasibility study of a new or adapted intervention prior to implementing an efficacy or effectiveness trial will ensure that the intervention fits the context, will assist in identifying the enablers and barriers to implementation thus maximizing the likelihood of success of the trial and the subsequent uptake of the intervention if is proven effective.
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A Corrigendum on
 Design and Implementation of the Irie Homes Toolbox: A Violence Prevention, Early Childhood, Parenting Program

by Francis, T., and Baker-Henningham, H. (2020). Front. Public Health 8:582961. doi: 10.3389/fpubh.2020.582961



In the original article, there was a mistake in Table 9 as published. Two rows are missing in the published article: the row with information relating to session five, and the row with the subheading for sessions six and seven (Managing Misbehavior). The corrected Table 9 appears below.


Table 9. Session content of the Irie Homes Toolbox.
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The authors apologize for this error and state that this does not change the scientific conclusions of the article in any way. The original article has been updated.
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This Perspective presents the five key aspirations of an approach to data use, decision making and monitoring, evaluation, and learning (MEL) in Early Childhood Development (ECD) referred to as Measurement for Change. The core ideas of Measurement for Change gave rise to this series, and many of the papers submitted in this series speak to this approach, whether directly or indirectly. The five aspirations describe interconnected concepts that advocate for practitioners and researchers within ECD to build the capacity to use data in their decision making, by establishing a monitoring, evaluation, and learning system that strives to be: Dynamic; Inclusive; Informative; Interactive; and People-centered.

Keywords: measurement, evaluation, learning, context, stakeholder


INTRODUCTION

The 2016 Lancet series Early childhood development: the foundation of sustainable development called attention to “estimates … that 250 million children (43%) younger than 5 years in low-income and middle-income countries are at risk of not reaching their developmental potential” [(1): p. 77]. The series highlighted the costs and risks of inaction, the value of interventions, and the need for government engagement to achieve better outcomes at scale (2). Yet, there is a considerable challenge to deliver high quality ECD interventions for all children, especially for those living in adversity; as a result, too few children in low resource settings are reached by high quality ECD programs (3, 4). Achieving success over whole populations, not just in small intervention settings, requires the combined knowledge, skills and expertise of multiple disciplines and professions, working at multiple levels, especially with the community and with families (5).

While the challenge remains to achieve widespread access to quality resources, the publication of the Lancet series in 2016, among others, underscores the growing global interest in ECD, and not only among academics and researchers. ECD practice similarly has in recent years seen an increase in investment and the development of national and international ECD policies (1). One key example is the United Nations' Sustainable Development Goal 4, target 4.2: “By 2030, ensure that all girls and boys have access to quality early childhood development, care, and pre-primary education so that they are ready for primary education” (6). Another is the launch of the Nurturing Care Framework, an initiative by WHO, UNICEF, World Bank, and others, focused specifically on translating this ambition on ECD into action (7).

There is growing recognition that the success of an ECD intervention at scale is not simply the function of an increase in size and reach (3–5, 8, 9). Scaling frequently diminishes or even eliminates the positive effects seen at small scale. With scale, the elements surrounding the delivery of an intervention frequently change. Even if the content or curriculum of an intervention remain the same, consistency in effectiveness cannot be assumed as key delivery mechanisms may need to alter. Adaptations may be required in light of new delivery agents (e.g., different teachers, health workers), different target groups (e.g., different children, parents), and differences in prevailing social and cultural norms and economic circumstances (10). Effective transfer of an intervention to the new setting may result in changes to content, implementation processes or both. Success is therefore the product of a range of components and processes, yet the aspect of local adaptation and implementation is understudied, and under reported, in comparison to the study of the effectiveness of individual intervention models.1 Two recent special issues speak to these challenges and, like the 2016 Lancet series, highlight the importance of strengthening monitoring and evaluation as a key contributor to generating knowledge on effective delivery at scale.

The 2018 special issue of Annals of the New York Academy of Sciences, “Implementation Research and Practice for Early Childhood Development,” harvested research findings on implementation of ECD programs. Contributors presented frameworks for gathering and reporting data relevant to effective implementation and called for continued empirical research with the explicit aim of improving both implementation and scale-up (3). The commentary paper to the series (12) builds on the contributions to provide seven recommendations providing “guidance on what implementers need to do in the coming years to provide a systematic body of useful knowledge …” [(12): p.265].

The 2019 Archives of Disease in Childhood series “Informing Design and Implementation for Early Child Development Programs” presented five papers and an editorial on ECD intervention design, measurement, and implementation topics. This series supports decision-makers in the design, implementation and program renewal cycle, with further calls for systematic data collection and reporting and, in common with the other two series, a focus on the challenge of successful scaling (9).

Each of the special issues or series (2016, 2018, and 2019) calls on implementers to continue strengthening their monitoring, evaluation and learning (MEL) systems to guide design, implementation and scale-up to create a systematic body of useful knowledge. However, there is also recognition of the challenges that arise when theory meets practice. For example, in one contribution the authors note that while interviewees2 agree on the importance of MEL, “data collection in ECD projects was often seen as intended solely for scientific publications, and of little use for project improvement or addressing implementation challenges” [(9): p. S47].

Given the importance of MEL highlighted by these special publications, this series intends to focus on the lived experiences of ECD implementers, harnessing the knowledge, know-how and practical solutions they are generating as they integrate data collection and MEL into their intervention design and implementation. As such this series hopes to stimulate the development of more effective, feasible MEL systems to support decision making at every stage of a program, from initial design through implementation and scaling, with ongoing adaptation. This implies engaging all those who work on ECD interventions, not just those who have been tasked with running MEL systems, in reviewing their systems, and the rigor with which they have tackled the need for ongoing adaptation. The ideas put forth in this series may also extend beyond the ECD sector, to others working on effective behavior change interventions in different fields.

The series will seek to explore how on-the-ground innovators are approaching questions such as: What does it mean for design and scaling decisions to be data and evidence informed? How can MEL contribute to decision-making that actively engages stakeholders, including beneficiaries? How can MEL adequately capture interactions between participants in the system, to better understand the sources of variability in outcome? How can MEL support the design of programs that move beyond the average, and become more responsive to specific or individualized needs? And, how can implementers manage the ethical dimensions of data collection and use? We refer to this approach as Measurement for Change, and distinguish it from measurement of change, that focuses more specifically on impact alone.



CONSULTATION AND CO-CREATION WITH ECD PRACTITIONERS

The aspirations of Measurement for Change emerged through consultation and co-creation, as described in detail in an accompanying Perspective (13). An inital approach was presented to ECD-practitioners, researchers and MEL specialists, mostly working in low-resource settings, for reflection and review. Through two workshops3, the first in Utrecht, the Netherlands in September 2019, and the second in Wardha, India in March 2020, participants were asked to reflect upon their own information and data use, and their MEL systems. Discussions brought into focus scaling challenges while identifying meaningful applications of monitoring, evaluation, and learning. The oral and written feedback provided by workshop participants on the initial set of aspirations was used to further develop the Measurement for Change approach. During the process of manuscript preparation by the Utrecht workshop participants developing papers for this series, we also drew upon their later reflections through a webinar in March 2020, and through an online survey in June 2020.

The purpose of this Perspective is to share with the reader the current framing of the Measurement for Change approach, and to provide a lens through which the reader can explore the value and feasiblity of the approach as described through the practical examples shared in the series. The series “Effective Delivery of Integrated Interventions in Early Childhood: Innovations in Evidence Use, Monitoring, Evaluation and Learning” includes narratives from Utrecht workshop participants and other contributors on innovations in monitoring, evaluation, learning, and data use.



THE FIVE ASPIRATIONS OF MEASUREMENT FOR CHANGE

Out of the consultation and co-creation process emerged five aspirations that currently inform the Measurement for Change approach. These five aspirations communicate an ambition for how MEL can function as ECD interventions are designed, implemented, and scaled. Measurement for Change addresses the connection between data collection and its utilization to help communities and families create nurturing, stimulating spaces where children can flourish.

The five aspirations describe interconnected concepts that together suggest that practitioners and researchers within ECD use data, decision making, monitoring, evaluation, and learning in a way that strives to be:

- Dynamic: with the capacity to adjust frameworks, processes or methods to be responsive to challenges, surprises, or opportunities, and to be able to reach learning goals

- Inclusive: with the capacity to identify and actively involve all stakeholders in making contributions to, and benefiting from, measurement and learning

- Informative: with the capacity to continuously seek, assess and use information from various sources to guide decision-making

- Interactive: with the capacity to observe, track and utilize interactions, responses, and relationships

- People-centered: with the capacity to be responsive to distinct and different goals, strengths, priorities, circumstances, characteristics of different people, and communities

As aspirations they serve to expand our thinking on why and how measurement, in its various ways and forms, can be utilized to create effective programs serving families and children. Cross-cutting these five aspirations is a focus on human dignity and a human rights centered approach. At the heart of the Measurement for Change concept lies a recognition of the dignity of every person, including, notably, the child and her family members. An ECD system must honor and respect that dignity in every relationship engaged in, and in every activity undertaken, including those focused on measurement, monitoring, evaluation, and learning. Through respectful, collaborative engagement, systems serving families and children will generate valuable learning and evidence-based insights.


Dynamic

A “dynamic” approach embeds an ability to adjust and adapt frameworks, processes, or methods in response to changing circumstances. An implementation process will face challenges, unexpected or otherwise, new opportunities, surprises, new information and lessons, that will influence the achievement of the targeted impact or quality of delivery. A dynamic approach anticipates that as projects or interventions progress, knowledge and information will increase, which will inform new adaptations. While the end goals may remain constant, a dynamic approach leaves flexibility in how those goals can be achieved and seeks to base adjustments on information gathered. A dynamic approach implies an intentional awareness of the context, stakeholders, and of future plans, such as scaling. This awareness resonates strongly with the other aspirations, which highlight different ways in which we can intentionally be sensitive in our measurement.

A paper submitted to this Series from a team in Bulgaria provides an illustration of a dynamic approach to MEL. A randomized controlled trial was insufficient to achieve the aim of informing change in national ECD policy. Additional evidence answering complementary questions was needed, ranging from municipal level data and case studies for assessing local situations, to a nationally representative survey of parental attitudes toward the proposed policy change, among others.4 The reader is invited to explore articles in the series for further illustrations on how this aspiration can be achieved while also maintaining a systematic and rigorous methodology which tracks and explains pathways to change.



Inclusive

The aspiration to be inclusive captures the intention and the capacity to include all stakeholders, the children, families and communities, in the development and use of measurement within interventions. This aspiration is linked to the principle that distributed leadership, constructed around a common goal, is a cornerstone of the human rights approach. We also hypothesize that the generation of a system of distributed leadership will be an asset for scaling, as interventions adapt to different contexts and cultures.

The Inclusive aspiration addresses the crucial role that all stakeholders, from the children to the policy makers, play in the development, implementation and sustainability of an intervention, and the key role they have in defining and assuring success. The diversity of contributions to the conversations at any stage of program development will increase the value of the learning and insights that can be derived from measurement. As elaborated under the Informative aspiration below, key stakeholders, including the children, families and communities, are a crucial source of knowledge, which needs to be engaged for interventions to be adopted and owned at a local level. Being inclusive means that stakeholders should be included not simply as sounding boards, or occasional contributors, but as genuine partners in a joint project. For example, the paper in this series by Nair et al. (14) describes efforts to improve inclusion of fathers, a crucial stakeholder group, in an ECD intervention in India.

The ambition to be inclusive can seem overwhelming, as it may appear everything and everybody will need to be included at all times. Resource and other constraints will inevitably balance the extent to which stakeholders can reasonably and practically be included. The aspiration nevertheless urges us to look at measurement from the perspective of inclusion; that is Measurement for Change seeks, from the outset and always, to recognize and respect the human rights of stakeholders and to include them intentionally. Clear documentation of how and to what extent inclusion is achieved, as well as the rationale for limitations, will contribute valuable information to guide future planning.



Informative

“Informative” is the ambition for the measurement system to have the capacity to continuously inform decisions by bringing to bear a wide variety of relevant sources of information, at all stages of project development and implementation. As such this aspiration links to the Dynamic aspiration, given the evolving nature of information needed to inform decisions, and to the Inclusive aspiration, since multiple perspectives are relevant to good decision-making. Thus, the Informative aspiration signals a commitment to learning from the context and from all stakeholders. Respect for those stakeholders suggests that no individual can a priori know what is the best solution for a particular problem or situation; rather, solutions will emerge from a dialogue that combines local insight with global knowledge.

Information is understood in a broad sense, based on diverse kinds of data that may be generated, analyzed and used to support decision-making, and the different forms of dialogue and engagement that the Inclusive aspiration encourages. If it is true that successful scaling relies on a variety of skills, expertise, experiences, and knowledge, as Shonkoff et al. (5) note, then the sources of information and knowledge to be generated and drawn upon ought to be equally varied. Likewise, use of information should not be limited to applying conclusions from formal processes or products, such as research studies or evaluations. Rather, feedback and other relevant information should be continuously generated and used.

This process was followed in an early intervention program for children with delayed development in rural areas of India. The program relied on rapid evaluation cycles to improve design and delivery, informed by mixed methods such as surveys, focus groups and interviews.5 The richness of the data, and rapid data collection and analysis cycles, allowed for improvements to the program on an almost continuous basis to prepare it for scaling. Readers are invited to reflect on the diversity and utility of their own data sources as they examine the details of the different examples described in the series.



Interactive

The next aspiration recognizes the complexity of ECD, where the pathway to change is seldom linear. The Interactive aspiration captures the capacity to measure the cyclical nature of interactions and responses between and among adults and children that is inherent in social behavior. This contrasts with a linear model of change, where influence flows from one stakeholder to another, for example from a parent to a child. Failure to explore and respond to the interactive “feedback loop” may lead to cessation of a potentially valuable activity and can, at its most extreme, negatively impact development and change. The Interactive aspiration implies the capacity to observe, track and utilize interactions, responses, and relationships.

For example, at the level of a single parent child dyad, if a baby cries and the caregiver fails to respond (the baby is left to cry), initially the cries will increase. Should the caregiver continue with no response, eventually the crying will cease altogether. In the most extreme of these situations the child will develop an attachment disorder negatively impacting their socio-emotional development, including their ability to form healthy relationships in the future. In another example, when a caregiver coos at the baby and the baby fails to coo back, at first the caregiver is likely to coo more. With a continued lack of response, caregiver initiated cooing may cease altogether, negatively influencing that child's communicative development. These examples suggest that the exploration of the interaction, rather than just the initial response, should uncover the sources of the variability in responses, and lead to more effective interventions that have a sustainable benefit over time.

Many interactions include more than two participants, illustrated in the following example given by Cartwright and Hardie (10). In a parenting program focused on improving child growth the pathway of change was initially conceived as the transfer of knowledge to the mother, who will improve nutritional practices at home. After successful implementation in Tamil Nadu, the application of a similar program in Bangladesh failed to achieve the anticipated growth in children. An exploration of interactions beyond the direct participants, uncovered that it was family members not present at the sessions—for example, the mothers-in-law—who were important decision makers in the home. This knowledge led to the conclusion that including these other actors in the parenting sessions may be a more effective strategy than increasing the number of sessions. Including a method for exploring social interactions in the monitoring and evaluation process is crucial to understanding the underlying complexities that influence change.



People-Centered

This aspiration brings to the fore natural diversity among people. No individual quite matches the average, no context wholly mirrors another. Central to the aspiration is that programs build the capacity to be responsive to the distinct goals, strengths, priorities, circumstances, and characteristics of different people and communities. It is commonplace that different people react differently to interventions. By exploring natural diversity, by measuring and analyzing beyond the average, MEL systems can contribute more effectively to a deeper understanding of the possibilities and potentials of human development. This is well-illustrated by a paper submitted to this Series on an intervention in the Amazon.6 The intervention involves 27 ethnic groups speaking 22 different languages. It honors this diversity by using digital media to record the different childrearing practices so they can be shared with, and are accessible to, others.




ASPIRATIONS AND THE SERIES

The five core ideas that constitute Measurement for Change have been explicitly framed as aspirations as they reflect an approach to monitoring, evaluation, and learning that may be developed, in different ways, in the context of different interventions. Measurement for Change is not intended as a prescriptive framework, but rather as a guide to building the capacity to choose the right method for the context, resources, and stage of development of an intervention or program.

In developing the Aspirations through the practical application of the practitioners we have worked with, we have seen their value as reference points for reflecting on all the stages of the development of an intervention as well as their usefulness as guides for building a path to scale. As such, the Aspirations can be seen as complementary to existing implementation science frameworks.7By applying the Aspirations across the elements of alternative frameworks, a practitioner can enhance and deepen the value of the method they choose to use.

We hope the monitoring, evaluation, and learning efforts of ECD practitioners discussed in the articles in this series will shed light on whether and how the aspirations proposed provide guidance, and how they are being shaped in practice. The articles explore the efforts taken to apply them, and what the processes followed may ultimately mean for the well-being of children and families participating in ECD interventions.

Collectively, these contributions may validate the framing of the aspirations, or raise areas for improvement and adaptation. The exciting prospect for this collection of papers is to explore how this series can give both practical content to the aspirations, while also contributing to the further development of a monitoring, evaluation and learning system that uses measurement to promote and enhance change, rather than merely record the change that has already occurred.
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FOOTNOTES

1Cartwright (11) contrasts the “intervention-centered approach” with to a “context-centered” approach, and argues that while both are valuable “we need to put far more effort” (p. 54) into the latter; see also Radner et al. (4).

232 interviewees: 13 were from NGOs, 17 from academic institutions, 1 independent consultant from the private sector, and 1 policymaker.

3Attendees in the workshop at Utrecht University, in Utrecht, represented 21 organizations in ECD from across the globe. Attendees of the workshop at the Datta Meghe Institute for Medical Sciences, in Wardha, represented 11 organizations working in the ECD-field in India.

4Paper submitted to this Series by Volen and De Laat titled “Building Evidence for Preschool Policy Change in Bulgaria.”

5Paper submitted to this Series by Krishna et al. titled “Rapid-cycle evaluation in an early intervention program for children in South India: optimizing service providers' quality of work-life, family program engagement and school enrollment.”

6Paper submitted to this Series by Shaw and De Cácia Oenning da Silva titled “Look Upstream: Measurement for Innovation on the Upper Rio Negro of the Amazon Basin.”

7An example of such a framework would be the Medical Research Council's Guidance on developing and evaluating complex interventions (15). But equally the Aspirations seem to complement, as another example, the toolkit for engagement of communities described by Pratt (16). In addition, a simple four step model was used in the workshops with practitioners on Measurement for Change to stimulate the exchange of ideas, as described by Van der Haar et al. (13).
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Measurement for Change proposes an integration of monitoring, evaluation, and learning into decision-making systems that support sustainable transition of interventions to scale. It was developed using a cyclical, interactive 1-year dialogue between early childhood development (ECD) practitioners and academics from across the globe. Details are presented in Krapels et al. (1) as part of this special issue in Frontiers. In this paper, we trace the developments that inspired Measurement for Change and the novel ways in which the approach and the special issue was developed. The experience, and the reflections on this experience, are intended to inform those implementing initiatives that similarly seek to integrate practitioner- and academic experiences in support of sustainable transitions of interventions to scale.

Keywords: implementation science, measurement for change, collaborative research, ECD, monitoring, evaluation and learning (MEL), intervention

Measurement for Change, in common with other current approaches to implementation science (2) recognizes the need for a more holistic, process based, adaptive, and learnings informed approach to implementation (1). This recognition is also central to three recent series in early childhood development (ECD), published in the Lancet (2016), the Annals of the New York Academy of Sciences (2018), and the Archives of Disease in Childhood (2019). These series highlight that strengthening monitoring, evaluation, and learning (MEL) systems are key in generating knowledge for effective intervention delivery and scale-up of these interventions with consistent effectiveness (3, 4).

The Measurement for Change approach hopes to contribute to the development of effective MEL systems for implementation and transitioning to scale. At the core of the Measurement for Change approach are five aspirations that can guide practitioners and researchers designing and using MEL systems in ECD programs, namely MEL systems that are (1) dynamic, (2) inclusive, (3) informative, (4) interactive, and (5) people-centered. Cross-cutting these five aspirations is a focus on human dignity and a human-rights centered approach. For details on the approach, see Krapels et al. (1) in this special issue. These aspirations serve to expand our thinking on why and how measurement, in its various ways and forms, can be utilized to create effective programs serving families and children.

These aspirations were arrived at through a structured dialogue over the course of a year between and among a group of academics and ECD practitioners representing 21 organizations working with families and young children in low resource settings across the globe. Most of the participants in this dialogue submitted individual contributions to this special issue, reflecting on MEL experiences in the context of their respective ECD initiatives. In this paper, we trace the developments that inspired this Measurement for Change approach, how the structured dialogue was organized, and reflect on this experience.

The progression from idea to approach is illustrated in Figure 1, which has as its center the four stages or components that guide our narrative. This model draws on the principles of a number of implementation frameworks. While each component informs the activities and reflections of the next, the process is not linear; the four components overlapped. When experiences suggested a need to revisit earlier components, adjustments were made to refine and improve the process.


[image: Figure 1]
FIGURE 1. Development of Measurement for Change Approach.



DESIGN

Here, we outline the influences that culminated in the decision to put together this special issue.


Evolution in the Measurement of Complex Systems

The first influence was a reflection on measurement itself. Figure 2 summarizes the evolution of approaches to measurement that have supported decision-making at practice, program, and policy levels. Analytic methods, in the center, have developed out of, and contributed to, advances in science (including intelligence, epigenetics, and demography, indicated in green). Each new form of data has supplemented, not replaced, earlier measurement methods. Along with technical advances and theoretical shifts (also in green), monitoring and evaluation processes have strengthened implementations systems to meet changing, and ever more complex, service needs.


[image: Figure 2]
FIGURE 2. The evolution of monitoring, evaluation and learning (5–9).


Being able to simultaneously track and regularly review multiple elements has supported program design to meet the specific needs of particular populations, enhancing effectiveness and increasing the “fit for purpose” of services, processes, and interventions. By incorporating additional sources of knowledge as they become available, the process of review and re-design has become even more informative. One of the contributing teams to the series, for example, has used social media to evaluate the quality of delivery, and applied both high- and low-tech methods to enhance community participation.

As advocated by United Nations agencies such as UNICEF, system strengthening develops out of shared decision-making by all contributors, and is informed by common learning (6). Such a (rights-based) framework requires the capacity to explore interactions. In contrast to the exploration of transactions, where influence is assumed to be unidirectional (A acts upon B, B acts) interactions acknowledge that in reality the response elicited from B will itself influence A, in a continuous cycle. A “feedback loop” is required to inform the consequences of an intervention, intended or otherwise, that influence the potential sustainability and scalability of interventions.

In summary, a recognition of the complexity of human behavior has generated the need for complex monitoring, evaluation and learning systems. The challenge is to apply these systems in practice given the constraints on resources of time, cost, and skill, often in challenging environments.



The Struggle to Scale Interventions

While many innovations have had a measurable effect on early child development on a small scale, their effective transfer to larger scale delivery and across contexts remains a challenge (3, 4). Our experiences with ECD implementing organizations receiving support from, among others, the Saving Brains Program, have spurred the idea for more flexible MEL approaches to meet the challenges of scaling. One illustration from an organization in Uganda described the shift from the application of a pre-set fixed curriculum to the co-creation with the community of a parental training program. This more flexible approach, combining issues of interest and importance to the community with the science behind those issues, proved to be engaging for both the contributors and the delivery team, and was reported to be associated with high participation rates and quality of delivery. The necessity to adapt to new settings while also maintaining quality at scale may require both flexibility and rigor. The methods applied must also be recognized as valid. This last point is crucial if implementing teams wish to ensure the sustainability of their innovation.



The Measurement for Change Team

Discussions of effective assessment1 brought the coordinators of this special issue together, and the role we play is to stimulate further discussion and to synthesize the ideas generated with the lessons learned from the translation of these ideas into practice. This multidisciplinary team comes from a variety of professional backgrounds, including implementation, research, MEL, as well as human rights advocacy and action, and includes the five authors of this paper.




DECIDE


Sharing and Developing the Measurement for Change Approach

The coordinating team agreed on a strategy to stimulate a critical review of the utilization of MEL in program design, implementation and decision-making within the ECD implementation community. Discussions were to focus around the articulation of a rigorous, systematic, but non-prescriptive, approach to measurement and scaling called “Measurement for Change.”

The initial approach was built around four key principles. These were that decisions should be continuously evidence-informed (Evidence), that all involved in the program should contribute to and benefit from the learning (Inclusion), that measurement processes should be responsive to the cyclical nature of change (Interactions) and that programs should be responsive to individual needs (Heterogeneity). The approach was to be reviewed and revised through a series of workshops and webinars attended by an invited audience of ECD practitioners and research groups. The culmination of these conversations is the current series of papers, detailing how these practitioners have used MEL to shape their decision-making. Through this series of articles, we intend to share the details of “Measurement for Change” more widely, what it is intended to achieve and how it has been applied in practice. This series will also act as an invitation for others to contribute to the continued evolution of this approach.




IMPLEMENTATION

Here, we describe three events where the Measurement for Change approach was discussed with ECD practitioners, and how these discussions led to revision of the approach.


Utrecht University Workshop

Invitees were drawn from implementation teams focused on early childhood development in South America, Europe, Africa, and Asia, supported by the Saving Brains Program and other associated early childhood programs.2 All workshop contributors (hereafter: contributors3) work in the field of early childhood development in low resource settings, with extensive experience of project design, research and implementation, active involvement in monitoring, evaluation, and the analysis of their programs. To bring this group together, a call for papers was circulated and the 21 responding organizations were invited to attend a writers' workshop on September 17 and 18, 2019 at Utrecht University, the Netherlands. Contributors were introduced to the concept and intention of Measurement for Change and were invited to reflect on this approach and its principles as they explored their own MEL systems. Exploration occurred through a series of detailed presentations, activities and focused discussions. Contributors presented practical examples of how data guided their decision-making, leading to re-design, adaptations and improvements in implementation and/or positioning for scaling of the intervention. The common challenges and lessons learned in implementation and scaling, as well as practical solutions, were captured and used to revise the Measurement for Change approach (1).


Reflections and Redesign

The contributors valued being part of a learning network through which they could explore how other organizations address measurement challenges. They drew attention to the large amounts of data collected during the design and implementation stages of a program. While this information is crucial to decision-making, it is rarely published, and therefore not openly available to inform others about essential adaptation and implementation processes. The contributors collectively defined the need for systematic documentation of the innovative use of data to contribute to global knowledge of effective delivery mechanisms.

The Measurement for Change approach, and the initial approach that was shared, resonated with the practitioners. Limitations in how contributors related the principles to their own practices reflected a need to articulate these principles more concretely. A mind map exercise of the common themes discussed drew attention to the regularity with which the word “flexibility” was mentioned. Contributors spoke of a flexible and growth mindset that was needed to apply the overall approach, and the individual principles. It was from this discussion that the concept of flexibility4 was added to the approach.

For the funding community to accept the need for extended periods of formative research within a fixed term funding cycle, contributors recognized the important advocacy role of those funders who already recognized the need for flexibility in the scaling process. They also recognized the need for published evidence of the effect of flexibility in effectively transitioning to scale. However, they questioned whether narratives reporting on the process, rather than the outcomes; and narratives that documented iterations in program content, rather than fixed intervention protocols, would be accepted for publication by journals. Without the support of journals, there would be significant limitations to sharing these experiences and the knowledge they generate.




Wardha Workshop

In March 2020, at the “One Health” conference in Wardha, India, the ECD-track focused on the application of Measurement for Change amongst ECD implementation and research groups. The Datta Meghe Institute of Medical Sciences in India organized the workshop and the Saving Brains Program was invited to facilitate. The Wardha workshop contributors were drawn from groups delivering a variety of ECD-programs in India. Building upon the experience of the Utrecht University workshop, the Measurement for Change approach was more tightly embedded in examples of the application of the now expanded, set of principles. After introduction to the Measurement for Change approach, contributors were invited to present the measurement and data use systems of their own programs and to reflect on the contribution of these systems to supporting effective delivery mechanisms. Clinic group discussions that followed these presentations explored the capacity to apply the different principles and their contribution to effective program delivery. In the final session, contributors reflected on which principle was the least well-addressed in their projects, and how they will incorporate this principle, and its measurement, into their projects.


Reflections and Redesign

Workshop contributors recognized how the issues of complexity can be addressed using the Measurement for Change approach and valued the opportunity to apply it to their projects. The contributors reported this helped clarify the approach and enabled an adequate modeling of self-reflective practice and experiential learning.

The contributors recognized that collaborative decision-making is also an evolutionary process. Another learning was the need for the Measurement for Change approach to address planning for sustainable scaling early in project cycles. The contributors' acknowledgment that respect for others runs at the heart of Measurement for Change, is through positioning these concepts as central to all aspirations. They also recommended that Measurement for Change should explore the utility and effect of each aspiration for effective delivery of interventions.




Writer's Webinar

The advancements made in the articulation of the Measurement for Change approach were presented to contributors of the Utrecht University Workshop, through a writers' webinar held in March 2020. The webinar was designed to support the completion of the papers being prepared for the series by clarifying the structure of the contributors' Measurement for Change narratives. During the webinar, the 11 attending contributors provided examples of their narratives and the accompanying discussions helped to refine the content and provide guidance for contributors who were uncertain how to proceed with their manuscripts.


Reflections and Redesign

Contributors indicated that the examples shared provided clarity about how to present their narratives in a format appropriate for a scientific paper. Feedback from each discussion opportunity also added clarity to the articulation of the approach. For example, we defined the dynamic principle through the phrase “stop, think, act.” Contributors indicated that “one never actually stops.” This aspiration was adjusted accordingly, and now describes a process of being cognizant and responsive to events and opportunities as they occur.




Nine-Month Evaluation Survey

In June 2020, the coordinating team developed an online survey containing eight questions about the Measurement for Change development process and shared this survey with the Utrecht University workshop contributors. The survey had an 80% response rate. The survey was designed to assess how contributors applied the Measurement for Change approach to their projects and to evaluate the development process. We inquired about the usefulness of each of the implementation steps, the contributors' learning's throughout the process and the extent to which contributors felt included in the development process.


Reflection and Redesign

The survey showed that contributors valued inclusion in the process. The contributors indicated that applying the Measurement for Change approach helped their decision-making processes. Furthermore, the contributors valued the opportunity to meet the other teams. The majority of the contributors were still (and hoped to remain) in contact with at least one other team from the workshop. Between 70 and 90% of the contributors found the Utrecht University Workshop, discussions and feedback from the workshop team, and the writers' webinar useful. The contributors' interest in remaining involved in the Measurement for Change coordinating team's ambition to further explore the effect of the approach, led to the design of a Measurement for Change website. The website5 provides a platform to applications of the Measurement for Change approach, provided by the Utrecht University workshop contributors, Wardha workshop contributors, and new Measurement for Change ambassadors.





EVALUATION

The 1-year preparation phase we have described in this paper, illustrates how each of the aspirations of Measurement for Change were addressed in meeting the objectives of this initiative. The series of practitioner papers in this special issue will provide the evidence of how a shift from measurement of change (with a focus on fixed term outcomes) to measurement for change (with a focus on effective translation over time, place and need) is applied in practice. An editorial paper will be prepared to synthesize the learning across these diverse examples.

We brought together innovators from across the globe in workshops and webinars and inspired them to apply the approach to their own thinking and practice. The collaborative process has provided confirmation that Measurement for Change as an approach has the potential to significantly strengthen the implementation process. Discussions have provided examples that include the contribution of an iterative process to adapting to change, the benefits to decision-making of multiple data sources, and of the important contribution of actors in the local context to sustainable scaling. The measurement of the direct effect of these processes will need to be the focus of future initiatives.

The rich discussions generated through the in-person and virtual meetings have added considerable clarity to the articulation and shared understanding of the Measurement for Change approach (1). We learned there is extensive interest in exploring in detail the implementation process, to reflect on that process, and to share the knowledge gained from that process. This is supported by the fact that, at the time of the 9-month survey, 17 teams still intended to submit a full manuscript despite their busy schedules. We also learned that implementation cannot be too tightly defined. Deadlines for the series had to be adjusted to fit the time it takes for these reflections to come together, and to adjust to the pressures on teams to respond to unanticipated events such as Covid-19.

The development of the Measurement for Change approach does not end here. It will continue to evolve as it responds to new insights and further scientific and technological advances. In planning this journey, we attempted to respond to individual needs by providing different forums for exploration and discussion. Contributors rated most highly the opportunity to meet, share and discuss experiences, challenges and lessons learned. The results highlighted the need for knowledge- and experience-sharing platforms (collective learning spaces) for implementers and the desire to remain part of the development process (co-creation).

In sum, the collaborative design has been essential to the achievement of our short-term objectives, as it will be to the continued development of the Measurement for Change approach. Through the publication of this series, and the proposed launch of a website forum, we intend to continue this journey to address the challenge of translating good ideas into effective sustainable and scalable practice.
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FOOTNOTES

1Dubai 2019 The Saving Brains Transition to Scale Workshop, organized by Grand Challenges Canada and funded by a private philanthropy.

2https://www.grandchallenges.ca/programs/saving-brains/.

3Contributors to the Utrecht University workshop are the main group of contributors we follow through this process (the Writers' webinar, the evaluation survey, the paper series). Contributors to the Wardha Workshop are a different group of academics and ECD-practitioners.

4The flexibility-principle was renamed as the “Dynamic” principle.

5The website, as it is under construction, has limited visibility. It is hoped to make it open access in 2021.
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Background: This paper explores how implementation and refinement of an early intervention (EI) program for children with delayed development was informed by an iterative, intentional and structured process of measurement. Providing access to early intervention therapy for children in rural areas of India is challenging due to a lack of rehabilitation therapists and programs. Following a biopsychosocial framework and principles of community-based rehabilitation, a non-governmental organization, Amar Seva Sangam (ASSA), overcame those barriers by designing a digital technology supported EI program in rural Tamil Nadu, India. Program objectives included providing service access; supporting program engagement, child development and school enrollment; and positioning the intervention for scale-up. This paper contributes to a growing body of literature on how program design and implementation can be informed through a cyclical process of data collection, analysis, reflection, and adaptation.

Methods: Through several strands of data collection, the design and implementation of the EI program was adapted and improved. This included qualitative data from focus groups and interviews with caregivers and service providers, and a mobile application that collected and monitored longitudinal quantitative data, including program engagement rates, developmental progression, caregiver outcomes, and school enrollment status.

Results: Measurements throughout the program informed decision-making by identifying facilitators and barriers to service providers' quality of work-life, family program engagement, and school enrollment. Consultation with key stakeholders, including caregivers and service providers, and data driven decision making led to continual program changes that improved service provider quality of work-life, program engagement and school enrollment. These changes included addressing gender-related work challenges for service providers; forming caregiver support networks; introducing psychological counseling for caregivers; providing medical consultations and assistive devices; creating community awareness programs; improving access to therapy services; focusing on caregiver education, motivation and support; and advocacy for accessibility in schools.

Conclusion: The process of using evidence-informed and stakeholder driven adaptations to the early intervention program, led to improved service provider quality of work-life, greater program engagement, improved school enrollment and positioned the intervention for scale-up, providing lessons that may be beneficial in other contexts.

Keywords: rapid cycle evaluation, early childhood development (ECD), program engagement, school enrollment, community based rehabilitation (CBR), early intervention (EI), India, disability


INTRODUCTION

In India, there are nearly 2.3 million children under the age of 6 with developmental disabilities, including 100,000 in the state of Tamil Nadu (1). Approximately 67,000 of these children live in rural and semi-urban areas and have no access to early childhood intervention services. Barriers include lack of rehabilitation centers in rural or semi-urban areas, long traveling times to urban centers, and high costs associated with private therapy. Barriers to establishment of more centers in rural and semi-urban areas include an inadequate number of rehabilitation specialists, high costs and lack of accessible transportation for families to bring their children to centers. Following a biopsychosocial framework and principles of community-based rehabilitation (CBR), a non-profit, non-governmental organization, Amar Seva Sangam (ASSA), designed, and implemented a community-based early intervention program called the mobile Village Based Rehabilitation–Early Intervention (mVBR-EI) program that provided access to early intervention (EI) service for children with delayed development in rural areas of Tamil Nadu, India, by leveraging mobile technology. The program was supported by the use of the mVBR-EI mobile application. Going forward, in this paper, the term mVBR-EI program will refer to the entire early intervention program and the term mVBR-EI app will refer to the mobile application that was used as part of this program to provide digital connectivity and case management.

The primary objective of ASSA's mVBR-EI program was to increase access to early identification of disabilities and provide EI therapy services to children identified with disabilities. The goal of EI services was to enhance children's physical, cognitive, communication, social and emotional development, reduce caregiver burden, empower families, and increase inclusion and participation of children with disabilities within their families, schools, and communities.

This paper describes the monitoring, evaluation, and learning systems employed by ASSA and how through several strands of data collection, the design and implementation of the mVRB-EI program was adapted, improved, and positioned for scaling. The paper seeks to contribute to the literature in various ways. First, research in early childhood development (ECD) has often focused on outcome measurement to evaluate the end point of an implementation process. Literature surrounding the dynamic process of change in ECD programs is less common, hence the call for improved implementation science in the 2018 special issue of Annals of the New York Academy of Sciences, “Implementation Research and Practice for Early Childhood Development” (2). Evaluation and measurement of both strengths and weaknesses is an important step in program implementation as it can better allow program managers to make decisions about whether to continue, change or stop a program (3). In the mVBR-EI program, we utilized a rapid cycle evaluation (4) to bring quasi-immediate change to our program.

Second, organizations in ECD are struggling to bring their programs to scale (5–7). A key condition for successful scaling is the idea of including stakeholders in decision-making throughout the design, implementation and evaluation of a program. To our knowledge, practical examples of how systematic consultation with stakeholders can be achieved and useful for all stakeholders are scarce in the ECD literature. Therefore, this paper provides two case studies from the mVBR-EI program to demonstrate how measurements can guide decision making and how rapid cycle evaluation and the inclusion of stakeholders in the process can help strengthen programs and advocate for successful scaling.

This paper first provides a detailed description of the mVBR-EI program to set out the context. This is followed by a brief overview of the methods, with further detailed description of methods as part of two in-depth cases that illustrate the rapid cycle evaluation model utilized in this program to generate evidence-informed change. These two cases are described within the context of a larger impact evaluation study of the program. The paper concludes with a discussion that reflects on the changes and results achieved in the program, combined with a general reflection on the utility of the rapid cycle evaluation model used.



PROGRAM


Program Setting

According to the World Health Organization's Early Childhood Development and Disability discussion paper, “If children with developmental delays or disabilities and their families are not provided with timely and appropriate early intervention, support and protection, their difficulties can become more severe—often leading to lifetime consequences, increased poverty, and profound exclusion” (8).

Policy makers in Tamil Nadu recognized that intervention at an early stage of development, in the pre-school years, could lead to better child development outcomes and greater school enrollment. The Tamil Nadu Government has established District Early Intervention Centers where children can access early intervention therapy including physiotherapy, occupational therapy, speech therapy, and special education provided by rehabilitation specialists to improve their development and function. These centers are in urban areas, often attached to Government Teaching Hospitals and therapy is provided free of cost to families. However, these centers are not accessible for the large percentage of children with disabilities who live in semi-urban and rural areas. The mVBR-EI program was implemented in eight rural locations (known locally as “blocks”) in the District of Tirunelveli, State of Tamil Nadu, in South India. A block encompasses a number of villages, each with a population of 70,000–100,000 people. This study occurred between April 2017 and August 2020.



Program Design
 
Theoretical Framework

To address the objectives of our study, we utilized the World Health Organization's (WHO) International Classification of Functioning, Disability and Health (ICF) as a biopsychosocial framework, along with a community-based rehabilitation (CBR) strategy (9). The ICF is guided by the definition of disability as being the outcome of an interaction between a person's health condition and the context in which the person lives. CBR is a “strategy within general community development for the rehabilitation, poverty reduction, equalization of opportunities, and social inclusion of all people with disabilities” (10). In this respect, the ICF may be an excellent framework for implementing CBR programs with outcomes described at three levels—body, person, and society (11). The ICF provides the framework in assessing individuals, their communities, and environment to determine the factors that are creating the disability and provide structure for appropriate interventions. Using a “twin-track” approach, CBR promotes community-based inclusive development by working with people with disabilities, their community and society to provide services that address their needs and providing equal opportunities to enhance their capacities (12). CBR can be especially beneficial in providing low-cost services for those living in low-resource, capacity-constrained settings, which is often the setting for people living with a disability in rural areas of a country in the Global South (12, 13). A CBR approach is complex, multidimensional, multisectoral and bottom-up while providing a practical strategy for program implementation, monitoring, and evaluation (10, 13). Partnerships with relevant stakeholders are key, with emphasis placed on including the voices of people living with a disability and their families (10, 12, 13).



Service Providers and Training

The early intervention therapy service providers in this program consisted of Community Rehabilitation Workers (CRWs) and rehabilitation specialists employed by ASSA. CRWs were high school graduates and some had diplomas in community-based rehabilitation. All CRWs received an initial 10 days of training on how to provide early intervention services to children and support their caregivers in caring for their child. Ongoing training was provided during joint visits to children's homes with rehabilitation specialists, monthly case discussion meetings and 10-day enhancement training workshops that occurred every 6 months.

Rehabilitation specialists were physiotherapists, special educators and speech trainers who all had degrees or diplomas in their respective field of practice. In addition, the program had one occupational therapist and one speech therapist who provided consultative care. Rehabilitation specialists also received 10 days of initial training and enhancement training every 6 months in the clinical and operational aspects of providing early intervention therapy services.

All service providers were trained on how to provide family-centered care based on the ICF framework (9) and principles of CBR (10). Service providers were given resource materials, including impairment-specific, treatment-specific and operational manuals.



Screening and Assessment

In India, children are often identified as having a developmental delay when they attend an unrelated health-care appointment (14) or when they start school (8). To promote early identification of developmental delays in children, ASSA implemented screening programs. These were conducted by ASSA's CRWs in primary health centers along with government Village Health Nurses where children aged 0–3 years receive regular health check-ups and immunizations, and in Anganwadi Centers with government Anganwadi workers (pre-school teachers), where children aged 3–6 years attend pre-schools. To screen children in a standardized manner, the Trivandrum Developmental Screening Chart (TDSC) was used. The TDSC was developed and validated for use with children between 0–6 years old and administered by community-based workers in a similar setting to the mVBR-EI program, in rural South India (14). The tool is available in English and was translated into Tamil (the first language of most residents of Tamil Nadu), is easy to use and consists of 51 items assessing mental, motor and language skills, and showed high sensitivity and specificity when validated against the Denver Developmental Screening Test (14).

All children screened by ASSA had their TDSC data entered into the mVBR-EI app. If a child's screening showed potential developmental delays, a CRW working in the community where the child lived was notified on her mVBR-EI app to do a home visit for an initial assessment, which captured demographic data, medical history and developmental concerns provided by the child's caregiver(s). Rehabilitation specialists, including a speech trainer, special educator, and physiotherapist, would then visit the child's home to complete a comprehensive developmental assessment which included baselines assessments and validated, standardized measurement tools that are embedded in the mVBR-EI app. These tools included the Gross Motor Function Measure—GMFM-88, pediatric version of the Functional Independence Measure (WeeFIM), Functional Assessment Checklist for Programming (FACP) and the Communication Developmental Eclectic Approach to Language Learning (Com DEALL) Development Checklist.

Physiotherapists performed the GMFM-88 (15, 16), which measured gross motor development for children with cerebral palsy and the WeeFIM (17), which measured self-care, mobility, and cognition for all children. Special educators performed the FACP (18), which measured the child's performance in four domains: occupational, academic, social, and personal skills, and speech trainers performed the Com DEALL (19) which measured receptive and expressive communication and speech. These developmental tools were measured at baseline and repeated every 6 months. In addition, at their initial assessment, children with cerebral palsy were classified by a physiotherapist on their level of severity using the validated 5-level Gross Motor Function Classification System (GMFCS), with level I being the least severe and level 5 being the most severe (20) and this was entered into the mVBR-EI app.

From April 2017 to August 2019, a total of 52,036 children (26,717 boys, 25,319 girls) were screened as part of the mVBR-EI program and a total of 1,136 (2.2%) were identified as having delayed development. The primary developmental disabilities identified were cerebral palsy (40%), speech and communication disorder (26%), intellectual impairment without cerebral palsy (22%), orthopedic disabilities (8%), and autism (4%).



Family-Centered Services

Family-centered care (FCC) is considered best practice for planning and delivering pediatric health care services and is a component of the ICF model (9). Our study recognized the three core beliefs of FCC including respect for children and families, appreciation of the family's impact on the child's well-being, and family-professional collaboration (21). Therefore, in addition to child assessments, caregiver outcomes were measured in the mVBR-EI app by a rehabilitation specialist using the Tirunelveli Early Intervention Caregiver Assessment Tool developed by ASSA that consisted of existing scales and subscales, including the Family Empowerment Scale (FES) (22), Modified Caregiver Strain Index (MCSI) (23), and a locally developed scale to measure caregiver-child interaction. In addition, caregiver feedback on the program was collected through a series of questions rating their satisfaction with the EI therapy services they were receiving and open-ended questions on how to improve the program and an opportunity to share their challenges and successes.

FCC services endorse shared decision making and continuous, effective communication with families to ensure care is responsive to their needs and priorities (24). To facilitate family centered goal setting, caregivers identified child strengths, and needs through a tool called the Canadian Occupational Performance Measure (COPM) (25). The COPM has been shown to be a reliable, valid and responsive measure with families in a pediatric population (26). In addition, the mVBR-EI app tracked school enrollment and access to government services such as disability cards, grants, and assistive and adaptive equipment.



Therapy Planning

Based on these assessments, domains of delayed development were identified, and goals, barriers, and detailed intervention plans were developed by each rehabilitation specialist and entered into the mVBR-EI app. This plan was family centered by focusing on child strengths and areas of needs identified by family members. A CRW was assigned to each child and was responsible for implementing the tailored therapy plan with a focus on training caregivers to provide regular therapeutic activities to their child and integrate these activities into their child's daily life. Therapy visits also focused on caregiver education to foster positive attitudes, increase knowledge of their child's impairments and capabilities, and increase confidence in caring for their child. Caregivers were provided with resources and manuals in Tamil that covered impairment and intervention specific topics.

Rehabilitation specialists were available to support the CRW through monthly meetings, joint visits, phone calls, text messaging, or live video conferencing. Rehabilitation specialists reassessed the child every 6 months, including assessing the developmental and caregiver tools listed above and setting new goals and intervention plans in the mVBR-EI app. In this way, the majority of therapy was given by CRWs and caregivers, but supported by rehabilitation specialists through mobile technology. The program was delivered either within the child's home (home-based) or at a local Early Intervention Center (center-based). The therapy location (i.e., home or center-based) was determined in consultation with the child's family based on their preference. A number of factors might have influenced this choice, including distance from center, perceived and actual stigma in the community, transportation issues, and perceived severity of disability.

Therapy session lengths were determined based on the therapeutic needs of a particular child. For home-based care, each child was booked to receive 20 therapy sessions per 6 months for 30–90 min per visit from their CRW. In addition, joint visits by their CRW and treating rehabilitation specialist occurred once per month. In center-based care, children were booked to receive 60 therapy sessions per 6 months for 30–90 min per visit. Center-based therapy sessions alternated service provider, with CRWs and rehabilitation specialists guiding therapy and caregiver training on alternate visits. Therefore, the center-based program was more time and resource intensive (i.e., more therapy time and more time with rehabilitation specialists).



mVBR-EI App

The mVBR-EI app was initially designed in 2014 at ASSA with extensive input from a team of internal rehabilitation specialists and information technology (IT) experts. The app was then created by a team of third party IT consultants. The app was field tested between 2014 and 2017 with 212 children and their families and based on that experience, a major upgrade to improve functionality, user interface and user experience was completed prior to the launch of this study, which started in April 2017. The mVBR-EI's features are described above and include general assessment by CRWs, specialized assessments for rehabilitation specialists, goal setting using the COPM, individualized treatment planning using an extensive drop down menu and tracking of child access and participation, including school enrollment and government benefits. Community workers could see goals and treatment plans on their app and used it to follow through on regular therapeutic activities. Standardized developmental assessments described in section Screening and Assessment were all embedded in the app.


Dashboard, Scheduling, and Monitoring

The mVBR-EI app had scheduling and calendar features whereby the program's field team leaders planned and assigned schedules to all service providers based on activities required (e.g., screening camps, therapy visits, awareness programs, etc.). Scheduling for therapy visits were based on each child's needs, their location and availability. Service providers, including CRWs and specialists, had a calendar view whereby they saw what activities were scheduled for each work day and used GPS enabled check in and check out functions, so that travel and time spent providing therapy were monitored.

The dashboard feature of the mVBR-EI app allowed real-time monitoring for program management. If a child's development or caregiver assessment scores dropped, it created a flag in the system for program management and treating CRWs and specialists to review. The case was reviewed by the treating team, discussed with the management team, and if needed, discussed at monthly case rounds. Through these mechanisms, the intervention plan was re-adjusted as required. In addition, the dashboard allowed for a case management and data management system where various analyses could be performed at the level of the individual child, family or service provider and at the program level.






STUDY DESIGN AND METHODS


Data Collection Methods

In this paper, we employ two cases from the broader mVBR-EI program to investigate: What is the impact of employing a cyclical and iterative process of measurement and evaluation to support mVBR-EI program change? We sought to understand impact in terms of program outcomes, benefits, challenges and opportunities. To support this investigation, we drew on evaluation data from across the mVBR-EI program. The methods employed for each of the two cases are described in detail in the next section. The methods and data sources employed in both cases are summarized in Figure 1.


[image: Figure 1]
FIGURE 1. Summary of study methods and data sources.




Consent and Confidentiality

Written informed consent in accordance with the Declaration of Helsinki was obtained from service providers participating in the focus groups. Written consent was also provided by the primary caregiver of children enrolled in the program in consultation with the head of the family, caregivers and/or guardians of the child with development delay, as is customary in India's communal family system (27) for both the longitudinal cohort study and interviews. Consent documents were developed in English and translated into Tamil, and back translated to ensure integrity of translation.

Participation in the longitudinal cohort study and interviews had no influence on the care that the child received, and caregivers could choose not to participate in the study, but still have their child enrolled in the program. The researchers who conducted interviews and focus groups, collected data, and performed the data analysis were not involved in providing care to the family nor did they hold a supervisory role over the service providers. An independent translator with good working knowledge of Tamil and English assisted with translation and data collection. The translator accompanied the researcher to interview participants and signed a confidentiality agreement indicating that they understood and would maintain participant confidentiality.



Ethics

Research ethics approval for this study was obtained from the Health Sciences Research Ethics Board, University of Toronto, Toronto, Canada (ref #34653) and the Research and Development Committee at Kalasalingam Academy of Research and Education, Madurai, India. In addition, the study was registered with an international clinical trial registry, ClinicalTrials.gov (NCT03202966).



Rapid Cycle Evaluation

CBR programs are encouraged to use a management cycle to develop or strengthen their program (10). Given our methodology was guided by CBR principles, program changes to design and implementation were made in response to data collected and analyzed over the course of the program. These changes were the result of the application of rapid cycle evaluation. The goal of rapid cycle evaluation is to frequently evaluate a program after its implementation, which enables rapid identification of successes, needs, and opportunities (4). Changes can then be implemented more quickly rather than waiting to evaluate a program at its completion. This was important to the organization, as our goal was to advocate for further scale up of early intervention services in rural and semi-urban areas of the state to the Tamil Nadu state government. In order to be successful at this advocacy, it was essential that our program's outstanding challenges were addressed and mechanisms were in place to promote flexibility and adaptability. In the following sections, we describe the results obtained through measurement targeting three aspects of the program (service providers quality of work-life, family program engagement, and child school enrollment), through two cases that illustrate how results informed program changes through rapid cycle evaluation.




RAPID CYCLE EVALUATION CASES

For each case presented below, the context is described followed by the data collection method utilized to inform changes. Results from the data collection and the changes in program design and implementation that followed are presented. Finally, we reflect on data that may reveal early effects of these implemented changes.


Case 1—Service Provider Study on Gender, Work Quality of Life, Challenges, and Opportunities
 
Context

Traveling to rural and remote communities to provide home-based therapy can be challenging. It can positively and negatively impact service providers' health, economic status, family life, and sense of safety and well-being (28). In addition, the ability of service providers to attend a child's home for therapy visits plays an important role in program engagement rates, defined in our study as the proportion of planned therapy visits that were successfully completed. The majority (95%) of service providers in the mVBR-EI program are female, as it is more culturally acceptable and non-threatening for a woman to enter a household where the mother is usually the primary caregiver of a child with a disability. A study focused on female community health workers in India identified many factors that facilitated and impeded their well-being and ability to deliver home and community-based services, including sense of self-worth and motivation, community norms and beliefs as well as health system attitudes and practices (28). ASSA sought to examine the challenges and opportunities of female service providers working in our home-based program in order to make changes to improve their work-life experience. In addition, by examining barriers and facilitators to attending home visits, we could strengthen strategies to improve program engagement.



Methods: Focus Group 1A

A total of 10 female CRWs and 15 female rehabilitation specialists participated in 5 focus groups conducted to examine the relationship between gender and their work and its impact on their personal lives, relationships, health, sense of safety and well-being, social status, economic condition, and ability to perform work duties. Service providers were selected to participate on a voluntary basis and no incentive (financial or otherwise) was provided to participate in these groups. The groups consisted of 4–6 participants. One of the group facilitators was a newly hired staff member who spoke Tamil, had knowledge of the cultural context of the region, and did not know the focus group participants. The other group facilitator was a Canadian occupational therapist who helped develop this study, had a functional understanding of Tamil and knowledge of related literature.

There were two main sources used for developing the methods for gathering perspectives of service providers; a research article investigating female community health workers' experiences in navigating work challenges and addressing gaps in the healthcare system in India (28) and the Gender Equality Strategy Tool developed by Grand Challenges Canada (29). Components from these sources were included to gather information on potential limits to participation in work-related responsibilities, level of safety for women, gendered division of roles and link to decision-making power, and balance between work and life responsibilities. Focus groups were chosen with the intention to facilitate group discussion and enable the women to share their narratives and relevant experiences in a safe, comfortable, and judgement-free space.

Thematic analysis was used to interpret the data collected from the groups. First, the focus group recordings were translated and transcribed by group facilitators, with the removal of personal identification. When analyzing the focus groups, a six-stage thematic content analysis was conducted (30). The two researchers coded independently and read through the transcriptions and noted initial ideas (Phase 1), generated initial codes (Phase 2), searched for themes (Phase 3), reviewed themes (Phase 4), defined and named themes (Phase 5), and produced the report (Phase 6) (30). Program strategies informed by the results of these focus groups were then designed and implemented with an aim to improve service providers quality of work-life and ability to travel to rural communities to complete booked therapy visits.



Results

Figure 2 summarizes findings from this case, including the issues identified, rapid cycle evaluation actions taken and indications of effectiveness. Service providers in focus groups reported that working in the early intervention program at ASSA contributed to improving their self-confidence, economic status, and relations within their own family and community members. The focus groups gave space for the service providers to share the challenges related to their work with specific examples of encounters, their reactions and impact on their well-being and their ability to attend home visits and perform their work duties. The common issues raised can be broadly summarized under safety, health/physical well-being and access to bathrooms.


[image: Figure 2]
FIGURE 2. Summarized findings from Case 1, including the issues identified, rapid cycle evaluation actions taken and indications of effectiveness.


Many service providers reported at least one instance that they felt threatened, uncomfortable, or isolated when traveling via walking or public transit in the villages to conduct home visits as part of their work. It was common for the women to be approached particularly by single or groups of men, asking them why they were “roaming” around the community. Sometimes, the women reported being followed for several blocks and other times being asked to never visit the place again. They felt that they were unwelcome and judged negatively in these situations, stating that it was uncommon for a woman to be walking alone.

The participants mentioned numerous issues related to the nature of work and their physical well-being. They identified the long hours spent walking in the field and exposure to extreme heat contributing to various skin conditions, fatigue, and body pain. Gender specific issues were brought up by many of the women in terms of a lack of accessibility to toilets in their regular workday, especially when menstruating. The women shared that they often had to go without using a bathroom over the entire work day because many homes they worked at did not have a bathroom, locations of safe public bathrooms were not known to them, or they felt shy to ask caregivers to use their bathroom. This often led the women to abstain from drinking water and other fluids during the workday to minimize chances of needing to use a bathroom, which led to dehydration. This lack of accessibility to bathrooms was an amplified issue when the workers were menstruating, as there were no facilities to change their sanitary napkins. The women also described a stigma related to a woman being impure or “dirty” when they were menstruating, which dissuaded them from asking to use families' bathrooms. In addition, there were explicit requests from caregivers that they not enter their house during menstruation. Due to lack of accessibility to bathrooms and stigma, menstruation became a reason for missed therapy visits and being absent from work. In addition, concerns about dehydration, especially during menstruation, led to missed workdays.



Rapid Cycle Evaluation Action Taken

In light of the above results, ASSA developed strategies for service providers to increase the workers' work-related sense of safety, healthy practices, use of and accessibility to bathrooms, and reduce menstrual stigma. The strategies, described below, aimed to improve service providers' work-life well-being and ability to complete planned home visits.


Strategic Resource Mapping of Community Resources for Service Providers

ASSA management mapped out which families being served in the program had bathrooms. Therapy schedules were created so that workers had access to bathrooms in at least one home per half-day. Service providers were provided with a list of safe bathroom and rest spaces in every village including service users' homes and safe community spaces such as community centers or village leaders' homes. ASSA contacted village leaders in every village and explained the work our service providers were doing and gained their explicit support. Contact information for these village leaders and ASSA management were provided to service providers so they could make contact in case of a safety concern.



Service Provider and Caregiver Education

During their semi-annual 10-day training, all service providers were educated on measures they could take to stay safe while traveling in rural communities, including general safety measures such as traveling in groups and specific actions to be taken when feeling unsafe, such as calling village leaders. In addition, training on the importance of, and solutions to, maintaining healthy habits like using the bathroom more frequently during work, drinking fluids, taking care of themselves during menstruation and maintaining menstrual hygiene were given. They were educated about myths and stigma related to menstruation and encouraged to develop confidence to ask caregivers to use their bathroom during home visits and to enter houses during menstruation. A manual was also created to educate and provide tips to service providers regarding menstruation and health (particularly hydration, hand-washing, and menstrual hygiene). Safety concerns were addressed through the manual, with tips for safety and who to contact when concerned about safety.

Caregivers were educated about service providers' concerns around bathroom accessibility and menstruation-related stigma during a parent consultation meeting in which 604 caregivers of 312 children in the program attended. A simple hand-out was distributed to all caregivers in the program, including those who did not attend the meeting. It highlighted the importance of allowing service providers bathroom access and addressing menstrual stigma, including education around safety and acceptance of women working in their homes during menstruation. Awareness programs were created and provided to people living in the communities we worked in, in order to educate them on child development, child disability and early intervention therapy. By doing this, the community could gain greater understanding of the services ASSA was providing, thus reducing behaviors that threatened safety, such as questioning the presence of our service providers in the villages.



Monitoring and Consultation for Service Providers

Through the mVBR-EI dashboard, the management team was able to generate reports on individual service provider's rates of completed visits. Those with low rates had meetings with management to discuss individual challenges and barriers. Based on these consultations, individual solutions were instituted. For example, one service provider informed management that the route to clients' homes had frequent public transportation cancellations. Community leaders in her working area were informed and they raised funds to purchase a motorcycle for her to use for reaching children's homes. Another example was junior service providers being provided with peer mentorship from more senior service providers in order to improve their job satisfaction and ability to provide service.




Indications of Effectiveness
 
Methods: Questionnaire and Focus Group 1B—Effectiveness of Strategies to Address Gender-Related Work Quality of Life and Work Challenges

In order to examine the effectiveness of strategies implemented to address challenges described by service providers, a post-implementation study was conducted. The study consisted of a questionnaire and three focus groups, which focused on health, bathroom use, menstruation, and safety, after the implementation of the rapid cycle action. Convenience sampling was used to recruit participants including some who had participated in focus groups 1A and some who had not. There was a total of 32 service providers who completed the questionnaire and of those, 16 participated in one of three focus groups.

Six overarching themes for both the questionnaire and focus groups were created to address the impact of training, manual and resource mapping on health, safety, menstrual stigma, and bathroom use and access. The questionnaire used Likert-scale self-administered questions in paper format that required participants to rate the impact of the rapid cycle evaluation action from 1 to 5, where 1 indicated no positive impact and 5 indicated very strong positive impact. Focus groups were then conducted with participants to understand collective and individual perspectives. Descriptive statistical techniques, including means and frequency distributions, were used to summarize the quantitative information obtained from the questionnaires. Focus groups were recorded and transcribed verbatim by two researchers. When analyzing the focus groups, the same six step thematic content analysis that was performed for focus group 1A was conducted.



Results: Questionnaire and Focus Group 1B

Figure 3 highlights the results of the questionnaire. Overall, the results demonstrated that the training, manual and resource mapping had a major impact on improving service providers' health, access to bathrooms, their attitudes toward menstruation during work and their perceived safety. The impact on their attitude toward using bathrooms in the service users' home and in community spaces was moderate. The results of the focus groups mirrored the questionnaire, with feedback indicating an overall positive effect of training and manual on improving healthy practices including hydration, using bathrooms and menstrual hygiene practice; and resource mapping on improving bathroom access.


[image: Figure 3]
FIGURE 3. Impact of rapid cycle action addressing service provider challenges-questionnaire results.


The focus groups additionally provided more nuanced insights. There were some concerns that lingered from initial focus group (1A) results, such as environmental factors (e.g., harsh weather conditions, poor hygiene in family or community bathrooms), which negatively impacted their physical well-being and continued to prevent use of bathrooms. While there was indication in focus group 1A that workers felt shy to ask caregivers for use of their bathroom, focus group 1B illustrated that interpersonal factors such as rapport and trust were important to create space for open communication and decreased fear of judgment for service providers. There were continued concerns expressed among participants related to attending work during menstruation, including discomfort with defying socially and culturally accepted practices for women and undervaluing the family's wishes for women not to enter the home during menstruation. As far as safety concerns, the participants stated that the connection with village leaders, their contact information and the awareness programs had a positive impact on reducing threatening behaviors and improving perception of safety while working in rural communities.




Case 2—Program Engagement and School Enrollment
 
Context

An essential component to providing early intervention therapy services is to gauge the level of demand and acceptance by service users. ASSA recognized that not all families may share the same level of interest or ability to engage in EI services. Factors such as home stressors, personal priorities, work obligations, competing childcare duties, transportation, and stigma may impact a family's interest or ability to participate in EI services. As ASSA values equity in service accessibility, we sought to better understand the barriers and facilitators for program engagement for families, so that barriers could be addressed, enabling greater engagement by more families.

Overall, 72% of 5-year olds with disabilities in India have never attended any educational institution (31). The state of Tamil Nadu has been one of the most successful states in India at implementing programs under the Education for All—Integrated Education for Disability program, which aims to improve school enrollment and integration for children with disabilities through the implementation of individualized education programs, use of resource teachers and resource classrooms, provision of therapy and aids in school, transportation support, and home school support (32). However, despite these measures, school enrollment for children with disabilities in Tamil Nadu remains low with 23% of all children with disabilities aged 5–19 having never attended an educational institution, while 99.4% of all children attend school (31). Given this disparity, ASSA made it a priority to address school enrollment at an early age as part of the mVBR-EI program.

Since program engagement and school enrollment are interconnected and have many shared aspects related to caregiver challenges, it was felt that these two aspects should be studied and reported together.




Methods

Qualitative and quantitative data were employed to inform the Rapid Cycle Evaluation in this case (see Figure 1). The main purpose of the focus groups and interviews was to generate information that could inform program changes, while the main purpose of the longitudinal cohort study was to observe potential effects of the changes on the outcomes sought by the program.


Focus Group 2 and Interviews—Child Program Engagement and School Enrollment

Participants for the qualitative data informing this case were selected through purposeful sampling of families with children receiving care in the mVBR-EI program by independent researchers not involved in service provision to children. Families were chosen to represent a broad cross-section of participants based on a variety of criteria: program engagement (low, medium, high), gender of child (female/male), age (0–3/4–6), school enrollment status (yes/no), diagnosis, and location of therapy (home/center). In total, 30 families were selected and 14 agreed and were able to participate.

Most interviews were conducted with mothers (N = 8), although fathers (N = 3) and a combination of mother and father (N = 3) were also interviewed as primary caregivers. A convenience sample of service providers (rehabilitation specialists and CRWs) were invited to participate in focus groups. Eight focus groups were held with a total of 32 rehabilitation specialists and 10 CRWs participating. No incentive (financial or otherwise) was provided to caregivers or service providers.

The interviews and focus groups were held in locations that were considered convenient and private by the participants (e.g., home, ASSA center, sitting outside, etc.). Data collection occurred in Tamil, with English translation by an interpreter. Data were analyzed through coding of emergent categories by the primary investigator. An iterative, constant comparison approach was used whereby analysis began immediately following each focus group and interview, and informed future data collection. Focus groups and interviews were audio-recorded and summary notes taken. In addition, field notes regarding any observational or contextual details not captured on the audiotape were also collected to supplement the analysis.



Longitudinal Cohort Study

A prospective open cohort longitudinal design was used to evaluate the effectiveness of the mVBR-EI program. The primary objective of this prospective design was to assess change over time of child and family outcomes, including all the outcomes listed under the program design section above (Program Design). A primary caregiver was identified for each child enrolled in the mVBR-EI program. A primary caregiver was defined as the person who was most involved in the day-to-day care of the child. Caregivers were included if they were 18 years of age or older and were able to understand Tamil. Children were included if they were enrolled in the mVBR-EI program and their primary caregiver consented for the child's data to be included in the study.

Program engagement: definition and calculation. Program engagement was defined in our study as the number of therapy visits completed divided by the number of therapy visits planned for a child. Completed therapy visits were electronically monitored through the GPS functionality of the mVBR-EI app. Every time a CRW and/or rehabilitation specialist visited a child's home, they used the check-in and check-out function on the mVBR-EI app on their smart phones or tablets, thereby confirming that the home visit occurred and recording the time that was spent providing therapy. Similarly, check-in and check-out occurred on the app when a child visited a center for therapy. Program engagement rates were therefore informed by the ability of both the service provider and the families to attend appointments.

Mean program engagement was calculated as a percentage during 5 different assessments intervals (T1 to T5), with each interval encompassing a 6-month time period. The exception was T1 which encompassed 4-month period starting April 2017. In addition, the mVBR-EI app's dashboard allowed for various reports to be generated including program engagement for individual children, CRWs, specialists, blocks, and EI centers. These measurements allowed for interventions at a micro (individual child or service provider) and meso (program) level to improve program engagement.

To identify engagement categories, the team reviewed the distribution of engagement to identify natural cut points while considering clinically meaningful exposure. Based on these considerations the following three program engagement groups were chosen:

• </= 60% = low engagement

• 61–80% = medium engagement

• >/= 81% = high engagement.

Of the 1,136 children that were eligible to participate in the study, a total of 1,050 children's (679 boys and 371 girls) families consented to participate and they provided 3,408 program engagement measurements over the course of the study. A total of 274 children withdrew from the study; 78 children were discharged due to significant improvement or being transferred to a school therapy program and 196 children withdrew for other reasons, with the most common reasons being families moved out of catchment areas (N = 113) and parental withdrawal (N = 40).

School enrollment: definition and calculation. In Tamil Nadu, children are able to enroll in school after their third birthday. Therefore, all children aged 3 years and above at the time of assessment, whose primary caregiver was available to be asked about school enrollment and who consented to participate in the study were included. Eligibility for school was determined at each assessment round.

School enrollment data was first collected in July 2017, and then every 6 months after for a total of five measurements (T1 to T5). School enrollment was determined by caregiver response to the question about whether or not their child was currently enrolled in school by a rehabilitation specialist. Type of school (if enrolled) and reasons for non-enrollment and school dropout were also recorded. To reduce bias, specialists were blinded to the participant's previous responses about school enrollment and were not the child's treating specialists.




Results: Focus Group 2 and Interviews

Figure 4 summarizes the findings of this case. While separate sets of questions were asked of caregivers and service providers about their thoughts on program engagement and school enrollment, we found the following themes impacted both aspects: (1) Caregivers' Mental Health and Supports, (2) Motivation and Expectations, (3) Stigma, and (4) Accessibility. As such, qualitative results for these two aspects are presented together.
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FIGURE 4. Summary of program changes implemented in Case 2 that addressed aspects impacting program engagement and school enrollment.



Caregivers' Mental Health and Supports

Caregivers and service providers shared experiences where caregivers' mental health and access to supports influenced engagement in therapy and school enrollment. Caregivers with increased strain, stress, depression and poor mental health had lower levels of therapy engagement and school enrollment according to service providers and caregivers themselves. A need for greater psychological support for these caregivers was highlighted through this study.

Access to supports also influenced appointment and school attendance. Some families were encouraged to attend school and EI therapy regularly by their medical doctor, ASSA service providers and/or supportive family and community members. When some mothers, who are the primary caregiver, are unable to attend the child's appointment or take them to school, they have support from other family members or friends who bring the child to their appointment and school or are available at home to greet the service providers. In other cases, family and community members provide financial or caregiving support to caregivers.

In contrast to this, some caregivers stated that lack of support for them within the family, and lack of community networks led them to be the sole support for their child with a disability. This led to poor program engagement and lower school enrollment as the child was completely dependent on one or two caregivers, and if they were not available due to sickness, other child care needs or work commitments, their child missed out on therapy appointments or going to school. Caregivers and service providers highlighted a need for greater peer support networks in the community and among family members of children with disabilities in order to increase both practical and psychological support for them.

The level of support from staff at local schools played a critical role in families' abilities and willingness to enroll their children with disabilities. Some caregivers shared that teachers or headmasters encouraged them to enroll their child, through a graduated integration (e.g., starting with once a week and then increasing) and by providing supports such as peer helpers. There are also many supports available to children attending schools provided by the government that include financial support for transportation, personal support workers in school, therapy in school, assistive devices, and home tutoring support. However, knowledge and access to such supports varied considerably amongst caregivers. To receive this support, it often required the caregiver self-identifying a need and advocating on their child's behalf which was often a challenge for many. If these supports are not offered by the school or accessed by caregivers, caregiver soften did not send their child to school because they felt they can provide a better quality of life for their child at home.



Motivation and Expectations

The primary motivator for high program engagement was seeing improvement in the development of their child. Caregivers stated they were more likely to attend therapy regularly if they perceived improvements in their child and felt that therapy was leading to that improvement and/or that therapy was meeting their goals and expectations. This led to feeling hopeful about their child's future. One mother shared:

“When we started at the center, I saw improvements, which motivated us to continue coming regularly because it reduced my burden and stress” [interpreter translation from Tamil].

Some caregivers shared that when they did not see improvements, attending therapy sessions was less of a priority for them. Service providers stated that caregivers with realistic expectations around their child's prognosis had higher program engagement rates compared to those expecting changes that were unrealistic or who had unrealistic timelines. They also stated that caregivers with greater understanding and knowledge surrounding the nature of their child's disabilities and abilities and the purpose of early intervention therapy had higher program engagement rates. Service providers felt that educating caregivers on their child's disabilities, abilities, prognosis and purpose of early intervention therapy was a very important factor in improving their level of program engagement.

Most caregivers were highly motivated to have their child attend school and considered school as an opportunity for their child to learn skills and gain a livelihood later on because their caregivers would not be able to support them forever. School was seen as one way that children could become independent by gaining academic and social skills. One caregiver shared:

“If I keep my child out of school, he will not be aware of the outside world.

It is important that he gains knowledge, even just basic knowledge, in order to be able to navigate in the community, like take public transportation” [interpreter translation from Tamil].

Specialists added to this theme, highlighting that some children learn academic skills while others may not necessarily learn to read or write, but they learn how to sit for 2 hours which is seen as a big accomplishment by caregivers. Specialists also added that enrolling a child in school could provide some respite for caregivers. Caregivers' motivation for enrolling their children in school also revolved around their desire for achieving “normality”. Some caregivers felt that it was best to enroll their child in a mainstream integrated school so their child could learn how to do things like typically developing children.

Other caregivers felt that early intervention therapy was the main factor that allowed for child's development to improve enough to have them enroll and integrate into school. For example, one child had tried attending school but had difficulty with feeding and writing. He took a break from school to receive therapy for a year, focused on acquiring both those functional tasks, and once achieved, was able to be integrated into school. Caregivers expressed their desire for EI therapy and school to be more complementary in order to achieve academic, social, and other developmental goals. Service providers highlighted that caregivers often need to be encouraged and motivated to enroll their children in school, as fear and stigma were often barriers.



Stigma

Family, neighborhood, school and community stigma were stated to influence program engagement and school enrollment. Some caregivers and service providers shared that stigma often involved blaming mothers for the child's disabilities, gossip about the family or being shunned by neighbors. This led some caregivers to want to hide their child's disability and not be seen going to therapy centers, schools or have service providers entering their homes. A service provider shared the following story:

“When the specialist arrived for the initial visit with thefamily, the family was asked by neighbors why specialistswere visiting their home. When the caregivers explained why, the neighbor stated that the child would be delayed formarriage because of therapy. The neighbor said this loudlyin the middle of the street. The caregivers stopped treatment” [interpreter translation from Tamil].

According to both caregivers and service providers, stigma played a major role in a child's ability to enroll and integrate into school and was found to occur at the level of peers, teachers and school administrators. Peers often excluded children with disabilities from play and activities. Children were sometimes teased and called names by their peers because of their disability. Children were interested and motivated to attend school, but when they were teased, they no longer wanted to go to school. School peers often lacked understanding of the child's ability and how to modify play and activities to make it safe and enjoyable for children with disabilities.

School attitude and stigma about disability and integration seemed to greatly influence the capacity for a child with special needs to be integrated in school. Caregivers stated that teachers and school administration often encouraged them not to admit their child to that school because they did not feel that they were capable and would instead recommend they attend a special school or receive home schooling. Service providers shared that school administrators felt that children with special needs may bring down test scores or have higher dropout rates at the school and this would reflect poorly on the school. One caregiver expressed frustration:

“If my child was sent to a special school, she would not beintegrated in the normal society. But, when she is going toregular school for integration, my child is excluded fromthe group because of her disability” [interpreter translation from Tamil].

Community stigma played a major role. Interviews revealed that caregivers of other children complained that their children would adopt the behaviors of children with disabilities and encouraged headmasters and teachers to separate or exclude children with disabilities from school activities or school enrollment in general. Though all children have a legal mandate under India's Education for All Act, perceived and actual stigma led to challenges in school integration and discouraged caregivers from enrolling their children into school.



Accessibility

Program engagement and school enrollment were affected by a family's ability to access early intervention or school services which included transportation, family income, child factors, physical environment and access to assistive devices, and accommodations in school. The lack of accessible public transportation and cost of private transportation (e.g., personal vehicle, taxi) was a major barrier to bringing children to center-based therapy appointments and school. In the study area, most children walk to school or are taken on motorcycles. As such, child mobility issues and physical disabilities were major barriers to using these modes of transportation. Some schools do provide school bus services, but they were usually inaccessible as the child needed to be brought to a bus stop and buses were not modified to accommodate children with physical disabilities.

Family income level was also noted as a barrier, even if therapy services are provided at home. Since families need to be present for both home-based and center-based therapy, work opportunities were noted by some to be prioritized over child therapy visits, impacting their ability to engage in the therapy program. However, this was less of an impact for home-based therapy as visits were once a week compared to three times per week for center-based therapy. Finally, home services were seen as beneficial because service providers use equipment already at home and therapy was provided in the setting children spend most of their time in. Therefore, caregivers learned to integrate therapy into the child's daily life in a more “real” environment, outside of their weekly session with service providers.

Child factors, including type and severity of their child's disability could be a barrier for caregivers to take them to EI centers and schools. One example was a caregiver stating she could not take her son to school because he was not an independent walker and was too heavy to be carried. Many caregivers shared bluntly that if their child cannot walk, their child cannot attend school. Distance from their homes to the EI centers and schools were also noted as related barriers. Home-based therapy was seen as more accessible by caregivers as it overcame some of these barriers. Aside from walking, independence in activities of daily living, especially toileting, was also listed as an important facilitator to attending school. If the child was unable to effectively communicate their need for toileting or ambulate independently to the toilet, caregivers did not feel comfortable sending their child to school or the school discouraged their enrollment.

A child's severity of disability and medical co-morbidities played a large role in both program engagement and school enrollment. A child who had little to no functional impairments could integrate into school with ease and little adaptation was required from the school. However, children with greater severity of functional impairments had lower school enrollment. Child illness was noted as a factor for missed therapy appointments. The physical environment at school was also listed as an important factor. Ramps, rails and accessible toilets for children with mobility challenges were not available at most schools. Children who had access to schools with a barrier-free environment were more likely to be enrolled. Caregivers highlighted that the lack of accessibility made them hesitant about the ability of the school to care for their child effectively.

Many caregivers noted that inability to access assistive devices such as wheelchairs, walkers, hearing aids, braille textbooks, etc. were barriers to school enrollment and integration. A lack of accommodation in curriculum delivery to children with disabilities and varying learning needs was highlighted as a major barrier to school enrollment. In the study region, resources in government schools consists of one special educator covering 15 schools and providing consultation and advice to teachers on adapting the curriculum to children with special needs in their class. Many service providers and caregivers interviewed felt that these resources were not sufficient to meet the needs of children with disabilities. Another barrier identified by caregivers was a lack of access to medical specialists who could prescribe medications to their children to control behavior, seizures or spasticity, all factors that could impact program engagement and school enrollment and integration.

Although inclusive education is government-mandated in India, service providers shared that little is done to make this possible. Teachers have classrooms of 40 or more children and do not have the knowledge and time to modify education to the child's needs. When children with a mild or moderate cognitive delay were enrolled in school, teachers often discouraged caregivers, stating that they cannot teach and take care of the child and the child will not be able to adapt to the school environment.




Rapid Cycle Evaluation Action Taken

The data collected through interviews and focus groups was complemented by qualitative and quantitative data collected with individual children and families. As described in section Program Design, development scores, family outcomes, and caregiver feedback were collected every 6 months for all children and families in the program. Based on all these data sources, a number of rapid cycle actions were taken throughout the course of the study and are listed under the theme categories described above.


Caregiver Mental Health and Support

To address the issues of caregiver mental health and support, and to improve program engagement and school enrollment rates, counseling, and peer support networks were introduced. A psychologist was hired and families who had low program engagement, high levels of strain and low family empowerment were flagged on the mVBR-EI app dashboard and were referred for counseling. Counseling occurred in both one-on-one sessions and in group sessions. These sessions focused on caregivers' mental health and increasing their supports. CRWs and rehabilitation specialists were also advised by the psychologist on how to better support caregivers' mental health during their regular therapy visits.

In addition, peer networks were created in the form of eight Early Intervention Parent Participation groups (one for each block). Parent leaders were elected and monthly group meeting at the center were held between caregivers and social media networking groups through WhatsApp were formed between caregivers. In addition, large group meetings for parent consultations and networking were organized every 6 months, where all caregivers and family members involved in the program were invited. These opportunities allowed caregivers to share, interact, and form social support networks. Some caregivers formed transportation-sharing networks to help get their children to school or EI center appointments. Some caregivers started joint small business enterprises to financially support each other. Other caregivers started having their own small group meetings and organized play dates with their children. These parent groups also acted as a collective force to advocate for school enrollment and accommodation of their children with disabilities.



Motivation and Expectations

To address the issue of motivation and expectations, a policy was created whereby each rehabilitation specialist reviewed the developmental scores of a child on the mVBR-EI app with their caregivers every 6 months. During these visits, prior to goal setting, specialists highlighted the progress of the child to date, which helped caregivers recognize subtle gains and motivate them toward greater engagement in therapy. In addition, the anticipated functional outcomes were highlighted to set realistic expectations. Caregivers and service providers were encouraged to set therapy goals and priorities that would help achieve school enrollment and integration.

If caregivers showed a lack of motivation or unrealistic expectations, they were connected to a family of a child with similar disability for peer support, role-modeling and motivation. Feedback and testimonial videos of other children and their families were developed and shared with caregivers. In addition, during parent meetings, motivational speeches were given by caregivers in the programs, village leaders and youth with disabilities to motivate caregivers toward greater EI therapy program engagement and to enroll their children into school.



Stigma

To address stigma, awareness and training programs were instituted for the community and delivered by CRWs and specialists working in the mVBR-EI program. Three categories of awareness programs were formed: Women, Schools and General Community. Women's Awareness programs were designed for expectant mothers and General Community Awareness programs were for anyone living in the community. The programs sought to increase awareness about early childhood development, childhood disabilities, early intervention therapy, the potential of children with disabilities and how to better integrate children with disabilities in the community and support families. These programs were done with the involvement and support of local community leaders with the goal of reducing stigma and allowing the community to understand the aim of our early intervention program. A total of 20,417 participants attended these programs between April 2017 and August 2020.

The school awareness programs were conducted at primary and secondary schools and focused on raising awareness about childhood disabilities, the rights and laws related to school enrollment for all children and how to accommodate and integrate children with disabilities into the classroom and school setting. These programs were attended by a total of 13,338 students, teachers and school administrators over the 28-month study period. Pre-school teacher training programs conducted by ASSA's service providers focused on training for identification of children with delayed development. These training programs were strengthened to include how to integrate, accommodate and teach children with delayed development in pre-schools. In total, 2,033 pre-school teachers were given this enhanced training. In addition to these awareness and training programs, advocacy at individual schools occurred. If a child was denied school enrollment or proper accommodations were not given, advocacy by that child's CRW and rehabilitation specialists and EI parent groups occurred to facilitate enrollment and accommodation.



Accessibility

At T3, there was a drop in program engagement rates for center-based children from 63 to 46% (see Figure 5). The mVBR-EI dashboard was examined and it was revealed that the drop-off was largely driven by four out of the eight EI centers. The management team consulted service providers and families working and attending these centers. They revealed that the main issue was that the public transit bus route had been changed and the location of the centers were no longer close to bus routes. This caused many families to miss appointments or stop coming altogether. Solutions were sought to this issue, including ride sharing and van service. However, they were not feasible and these four centers were re-located. In addition, 22 families with low program engagement accepted the opportunity to transition to the home-based program. Management redeployed staffing of service providers to meet this adjustment.
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FIGURE 5. Average program engagement rates for center-based and home-based programs during each time interval.


To help families work around competing priorities, including work and other childcare needs, schedules were established in consultation with individual families to adjust therapy timings to their needs. In addition, to prevent families from having competing priorities of attending therapy vs. school, therapy sessions were scheduled in school during school hours. This had the added positive effect of connecting our service providers with teachers. This helped build positive relationships and provided an opportunity to educate teachers on how to better accommodate, integrate and provide therapeutic activities for children with disabilities in their classrooms.

To meet the need for increased access to assistive devices that was identified in the stakeholder consultation, a survey of existing community programs and resources was undertaken. It was recognized that some equipment is funded through government programs, but often families were not able to access medical professionals to obtain prescriptions for the required corrective equipment. In addition, it was recognized that some of the needed equipment, including pediatric wheelchairs, were not funded. To address these issues, ASSA set up medical camps. Medical camps were organized every 6 months where medical and surgical specialists were brought to one convenient location and children in the mVBR-EI program were referred to them by CRWs and rehab specialists in our program. The medical specialists included orthopedic surgeons, pediatricians, urologists, neurologists, neurosurgeons, ophthalmologists, otolaryngologists, speech, and hearing specialists and dentists. These specialists prescribed needed medications, adaptive equipment and facilitated further surgical and medical referrals to government and private hospitals. CRWs also helped families' access available government funding for equipment.

In addition, funds were raised from donors to set up an equipment provision fund in which service providers could apply on behalf of families for funding for adaptive equipment not covered by government programs. To further improve school enrollment, service providers also started to help families access other government funding available, including transportation support, school personal support worker services, and home tutoring support. Thus, there was an expansion of the role of service providers to include addressing social and environmental barriers faced by families.




Indications of Effectiveness

Through the longitudinal cohort study, it was possible to monitor levels of program engagement and school enrollment. The trends over the duration of this study were largely positive, with increased program engagement and school enrollment over time. These changes could be a result of the rapid cycle actions evaluation taken. However, given the study design, the data below are not intended to reflect the causal impact of the changes implemented. Rather, the longitudinal data has been used to monitor changes and serve as a feedback loop of data for the changes implemented.


Program Engagement

At completion of the first interval, T1 (0–4 months), the overall program engagement rate was 59.9% and this gradually increased over the next four time periods to 95.3% by T5 (22–28 months). Center-based program engagement rates started at 57% and dropped to 46% at T3 (11–16 months) and then increased to 95% by T5 (22–28 months) while home-based program engagement rates steadily increased with time (Figure 5).

Overall, 53.5% of children had high engagement (81–100%), 33.7% had medium engagement (61–80%), and 12.8% had low engagement (0–60%). The distribution of center-based vs. home-based by program engagement group was significantly different with higher program engagement among children receiving home-based therapy, cumulatively from T1 to T5 (p < 0.0001; Figure 6). There were no statistically significant differences in program engagement by gender. The distribution of family income by program engagement was significantly different with higher engagement among families with higher income (p < 0.0001; Figure 7). The distribution of program engagement groups by type of disabilities (p = 0.08) and severity (GMFCS levels) for children with cerebral palsy did not show any statistically significant differences (p = 0.686).
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FIGURE 6. Cumulative program engagement over the duration of the program segregated by low (</= 60%), medium (61–80%), and high (>/= 81%) rates of engagement for center-based and home-based programs.
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FIGURE 7. Cumulative program engagement over the duration of the program segregated by low (</= 60%), medium (61–80%), and high (>/= 81%) rates of engagement for various family income levels.




School Enrollment

The proportion of children enrolled in school at each of the assessment points increased over time from 69.8% at T1 to 84.7% at T5. There were no statistically significant gender or age differences in school enrollment. There was a statistically significant difference for school enrollment by location of therapy (p < 0.0001) with higher enrollment among children receiving home-based therapy. At T5, the primary reason for children not attending school is shown in Figure 8. At T5, among children enrolled in school: 68% were in primary school, 27% were in pre-school, and 6% were in a special school.
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FIGURE 8. Distribution of children not enrolled in school by reason for non-enrollment at T5.


At baseline, 132 children (41 girls and 91 boys) were not enrolled in school and were still in the study at T5. Of these children, 63 (47%) achieved school enrollment at T5. At baseline, 335 children were enrolled in school and 97.9% were still enrolled in school at T5. Enrollment by type of disability at T5 varied from 72.8% for children for cerebral palsy to 100% for children diagnosed with autism (Figure 9). Children with cerebral palsy with greater severity (i.e., GMFCS Level IV or V) were less likely to be enrolled in school (Figure 10).
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FIGURE 9. Percentage of children with various diagnoses enrolled in school at T5.
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FIGURE 10. Percentage of children with cerebral palsy with various levels of severity as defined by GMFCS levels enrolled in school at T5.







DISCUSSION


Program Outcomes

Our unique theoretical perspective combined the biopsychosocial framework of ICF along with a CBR strategy and resulted in successful rapid-cycle evaluation and program improvements.

The ICF integrates relevant information on the different components for individual, environmental and personal factors to guide interventions and inform program planning, monitoring and evaluation (11). This holistic picture proved to be one of the major benefits of using the ICF to guide our CBR program.

Measurements, involving stakeholder consultation, led to action that had an effect on improving working conditions for service providers. This resulted in improved service provider well-being during work, including improved health, access to and use of bathrooms and sense of safety. However, societal barriers including menstrual stigma and lack of bathrooms facilities remained challenges to service providers. These require broader interventions including policy-maker advocacy to provide bathroom facilities in homes and community spaces in rural areas as well as improved societal awareness to address and reduce menstrual stigma. ASSA recognizes that there may be limits to our ability to fully impact societal barriers, which are deeply ingrained, but remain committed to modeling, promoting and advocating for inclusive policies.

Program engagement and school enrollment both increased significantly over time. It is possible that the increase in school enrollment was because the cohort of children aged 3 years and above got older over time. However, there was no statistically significant difference in school enrollment based on age at T5, so this is likely not a major factor for the increase in school enrollment seen.

Addressing service providers' quality of work-life and challenges in reaching children's homes through education of health and resource mapping likely had a major impact in improving program engagement (i.e., visit attendance) over time. Improving caregiver mental health through psychological counseling, peer support networks and training service providers to motivate and set realistic expectations with families likely had an impact on improving program engagement and school enrollment as well. Having identified family, school and community stigma as a major issue through consultation and conducting awareness program targeted at reducing stigma likely also contributed to positive changes. This coupled with training programs for pre-school teachers and advocacy at schools likely had an effect on improving school enrollment and program engagement, as we observed a shift in the community's attitude toward children with disabilities and their potential.

A family-centered approach was supported by considering the contextual factors related to child, family, services, and culture (33). Stakeholder consultation revealed caregivers faced a lack of access to medical consultations, adaptive equipment, and medications. By responding with a mechanism to provide increased access to adaptive equipment such as wheelchairs, walkers, orthotics, hearing aids and eye glasses and medications for medical comorbidities such as seizures, spasticity and hyperactivity, it likely had a major effect on improving child well-being and function that facilitated improved program engagement and school enrollment. Similarly, access to government grants and supports including transportation assistance and building family networks for ride sharing greatly assisted families in taking their children to school and therapy.

The actions described were taken at a meso level (program), but the monitoring mechanisms allowed for measurement at a micro level (each child, family, or service provider). Families with high strain or low empowerment, children not meeting expected development milestones or children not enrolled in school, all created flags on the mVBR-EI dashboard. These flags were then reviewed by those families' service providers, field team leaders and management and targeted action was taken. This rapid cycle action included providing psychological counseling to caregivers, providing peer mentorship, adjusting individual therapy goals and plans, referral to medical camps, provision of adaptive equipment and advocating at individual schools for enrollment, accommodation, and integration.

The qualitative measurements complemented the quantitative measurements in our rapid cycle actions. These data revealed that children with a primary motor disability, such as cerebral palsy were less likely to be enrolled in school compared to children with other disabilities, including speech and language disabilities. In addition, those with greater severity (higher GMFCS levels) were less likely to be enrolled in school than those with more minor motor impairments (lower GMFCS levels). This was coupled with the results of the focus groups and interviews that revealed a lack of physical accommodations in school (i.e., ramps, rails, accessible toilets) and that caregivers were unlikely to enroll their child in school if they could not walk. This led us to focus on advocacy for greater physical accommodations at individual schools. In addition, we recognize that advocacy with policy makers to ensure accommodations set out in the Education for All Act are universally fulfilled are also needed. A barrier identified for program engagement was the service access inequity along income lines. Changes in this domain would require government policies and public support for initiatives such as improved minimum wages, and employee benefits such as paid time for caregiver responsibilities. Raising these inequities is part of public education that supports broader social movements toward such changes.



Study Limitations

A limitation of this study is that rapid cycle actions were bundled, multi-pronged interventions and therefore, we are unable to determine the effect-size of any one intervention. For example, did school enrollment increase more because of advocacy at individual level or because of school awareness programs? Did program engagement improve more because of parent group formation or because of addressing service provider work challenges? Such questions cannot be answered with the data collected in this study. Another limitation of this study for the quantitative data analysis is a lack of a control group, blinding and randomization.

Another limitation is that only 14 families of 1,050 families in the study participated in focus group 2 that explored barriers and facilitators to program engagement and school enrollment. Therefore, it is possible that other perspectives were not captured. However, purposeful sampling of families aimed to represent a broad cross-section of participants, including low, medium, and high program engagement and school enrollment and non-enrollment were chosen and by the end of data collection, similar themes were recurring in interviews. In addition, ongoing administrative review of feedback from families throughout the study using the Tirunelveli Early Intervention Caregiver Assessment Tool confirmed and supported the themes presented.



Experience With Rapid Cycle Evaluation
 
Cost and Opportunity

The study incurred a range of direct costs to set up, such as hiring research consultants, interviewers, and translators. In addition, as the study worked with a range of stakeholders within the program, there was the indirect cost of not providing service to children and caregivers while service providers were involved in focus groups and interviews. As the interviewers were intentionally selected to be external to the program, for reasons of objectivity and validity in data collection, it also took more time for study participants to build rapport with interviewers than if they had been drawn from program staff.

However, the data collection and analysis approach also generated a range of opportunities. First, through the Rapid Cycle Evaluation, there was a real feedback loop between data being collected and modifications being made to the implementation of the program. This relatively quick and visible link between data collection and implementation meant that the hesitation that was felt by service providers as well as caregivers to take part in data collection was reduced. This was evidenced by an increase in the number of service providers wanting to take part in interviews and focus groups over the duration of the study. Service providers and caregivers also voiced that they felt empowered and had a strong voice in the co-creation of the program, as their feedback led to visible programmatic additions and changes.

Second, having formalized data collection and feedback through a study setting, the data and insights generated carried more weight and credibility. The data from the study, rigorously collected and analyzed, enabled a well-informed conversation between ASSA management and Tamil Nadu state government given the credibility of the data. This in turn, proved extremely valuable in conversations with the state government regarding the scale-up of the program.

Third, the study approach provided a way to operationalize the inclusion of key stakeholders into the program. Many programs and interventions seek to organize the meaningful participation of stakeholders such as caregivers; but generally, this is not easy. Through the interviews and focus groups, it was possible to give a voice to both program staff as well as caregivers. As the Rapid Cycle Evaluation allowed for relatively quick implementation of some of the results, these data collection methods served as a concrete way to include stakeholders into the design and implementation of the program. Further, the qualitative data helped to explain results from the quantitative data. Fourth and most importantly, this study approach allowed for the flexibility of adapting without the confines of a more rigid study structure. This approach strengthened the delivery of the program which may have led to more positive outcomes for children and families.



Scale-Up

The monitoring and evaluation mechanism and ability for rapid cycle change put in place for this program has allowed the program to scale-up. The government of Tamil Nadu, in collaboration with Grand Challenges Canada, has agreed to fund an expansion of the program from the existing 8 blocks to 31 blocks. The Government of Tamil Nadu is also exploring the scale-up of this program methodology using the mVBR-EI app and monitoring system to all semi-urban and rural areas of Tamil Nadu with the goal of reaching 67,000 children with disabilities. Advocacy for this scale-up was driven by the high quality and fidelity data outputs and outcomes generated by ASSA. This, coupled with the flexibility and ability to institute rapid cycle action to improve program outcomes at both micro (with each child and family) and meso (program) levels including improved program engagement and school enrollment over time, provided policy makers in Tamil Nadu with the data needed to make an evidence-informed decision to scale-up the mVBR-EI program.

In conclusion, the process of using evidence-informed and stakeholder-driven adaptations in the early intervention program has led to greater program engagement, improved school enrollment, improved service provider quality of work life, and has successfully positioned the intervention for scale-up, providing lessons that may be beneficial in other contexts.
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Background: Capturing real-life practices through photographs provides an opportunity to create awareness and focus discussions on relevant issues in community. Photographs and narratives also engage decision makers, inspiring changes in policy and practice.

Objective: Paper describes development and adaptation of an integrated photostory approach documenting actions and stimulating positive change in Early Child Development (ECD).

Methodology: The Photostory method was built through a cyclical process to describe and explore early-childhood practices in central-India through photographs and stories. A systematic format to capture, archive and evaluate photographic material was developed. A standardized rating system was established to monitor levels of, and change in, community practices. We integrated Photostory process into routine visits undertaken during implementation of Stepping-Stones, an ECD intervention program. This paper utilized collected data to explore utility of rating framework to describe and measure behavior and to track change. We explored role of Photostory approach in engaging community in process of stimulating positive ECD experiences.

Results: We developed a systematic framework to support data capture, analysis, and data utilization using multistep iterative mixed method process. A total of 161 Photostories were collected (72 at baseline and 89 at endpoint). Using a rating system which measured both the structure of the tasks, and the emotional engagement of the child and parent, many activities and practices observed were evaluated as providing at least an adequate learning space. In exploring change over the implementation process, at endpoint children were more likely to be observed as more engaged in their play activities (p < 0.05). Parental engagement levels remained stable, toward being less actively engaged. At endpoint we observed a trend toward activities being provided for children at a level of difficulty higher than child's level of developmental. The data provided the intervention team with local examples through which to engage parents in discussions on activities that stimulate effective child exploration and learning. We were also able to demonstrate the added value of photographs in stimulating detailed discussion amongst community members on early child development.

Conclusion: Photostories can provide a systematic and rigorous methodology to stimulate engagement, monitor and measure change in community-based parenting interventions.

Keywords: ECD, parenting, community engagement, rural India, photostory


BACKGROUND

Photography is seen as an important and effective means of involving people in activities that promote health (1). Photographs provide a means to connect life experiences with scientifically based knowledge, so that people are “touched rather than indoctrinated” by health messages (2). Photographs also provide a way to express health related needs and views without the need for complex language and scientific knowledge. WHO recognizes the power of photographs to communicate—a power that transcends barriers of language, distance, and time. Photography has long been employed by the organization to inform the public of new developments in healthcare and medical technologies, to give a face to initiatives and projects that might otherwise seem unconnected, and to increase understanding of global health concerns (3).

Photo elicitation has provided an essentially qualitative research method widely used in the social and health sciences as an evidentiary tool (4). Photographs provide a visual insight which, through their description or dissemination, offer a means to assess knowledge at a specific point in time and to document the change and the development of ideas (5).

In Photostory, we have developed an innovative approach to documenting and stimulating change in social actions, initially for use in the Stepping Stones Early Childhood Development (ECD) Programme. The programme operates in two rural districts in Central India to support and promote positive and conscious caregiving practices amongst families and ECD practitioners. The Photostory technique is an adaptation of Photovoice, which uses photographs taken spontaneously, without artistic or journalistic intent, to capture personal perceptions as part of the process of stimulating social change (6, 7). The three main goals of Photovoice are to enable people to record and reflect their community's strengths and problems, promote dialogue about these issues and to engage communities directly with policymakers (6). Photostory integrates into the process of documentation and reflection a structured evaluation of the activities captured. Photographs and their accompanying narratives were used to rigorously monitor ECD practices, systematically track change, and stimulate dialogue on ECD practices.


The Context

Stepping Stones involves a number of different approaches to stimulating change in ECD, a vital time point in development (8). The programme is designed to stimulate change in six key areas of child development and child-care: Food and Nutrition; Shelter and Care; Health and Safety; Play and learning; Psychosocial Skills; and Child Protection (9, 10). For parents of children under 3 years old, the intervention includes activities such as toy making, as well as the opportunity to participate in conversations facilitated by ECD practitioners in which information is shared on needs and practices. For children aged 3–6 years the focus is on supporting the Anganwadi (or Early Childhood) Centers to deliver a child centered curriculum.

The Stepping Stones initiative was built on the evidence that the environment and nurturing care play a vital role in shaping the interactions a child experiences (11, 12). Continuous exploration and learning in the early years of life build both positive and negative experiences, with each type of experience forming the basis of brain development and functioning, which in turn impacts upon health and well-being throughout the life course (12). The complex interactions between the parent-child and environment thus need to be understood and monitored to ensure healthy caregiving relationships essential for positive outcomes (9, 11).

In this report we describe the development of Photostory and reflect on the lessons learnt about applying an inductive learning process within a community-based intervention.




METHODOLOGY

The Stepping Stones programme promotes positive and conscious activity by caregivers to support their children to become confident and independent learners (13, 14). The theoretical framework of the program design comes from Vygotsky's concept of the Zone of Proximal Development (ZPD). The ZPD refers to the development of independent action/skills/knowledge through the provision of adequate support and encouragement, referred to as “scaffolding” (15–17). The Stepping Stones program was delivered by 30 community volunteers trained and certified in ECD. These community volunteers were female, from the same village, able to read and write the local language (high-school education was preferred wherever available) and willing to give 2 h a day for 4 days a week (total 8 h in a week). Each community volunteer served around 8–10 beneficiaries from the same village and were supported by 1 field supervisors. The intervention included the delivery of a parenting curriculum through personalized home visits and group sessions. The intervention was delivered to 326 eligible households in 55 villages covering a population of 41,663.

Our intention in exploring the use of photographs was to enhance the monitoring and evaluation process of the programme and help us make corrections to enhance the quality and coverage of the intervention. We sought a methodology that: increases awareness of what is happening; tracks achievements and needs; and involves the community directly in that dialogue. We also sought to systematically and rigorously collect material that supports learning/training, evidence informed decisions and that can be used for advocacy with policy makers. Photostory was thus developed to provide an integrated approach to continuous learning, evaluation, and decision making. The name Photostory was used because of the intent to combine photographs with a supporting narrative. The Objective of Photostories was to capture:

• Evidence of the “learning” environment: In early childhood, every experience provides the opportunity to learn. The photostory illustrates what those experiences are and how they are structured. Each story can be explored for evidence of nurturing care, protection, and exposure to stress. They can therefore provide the evidence of whether an experience offers adequate and appropriate scaffolding. By making a comparison over time we will also explore the use of Photostory as a method to evaluate impact.

• Material to build a repository of Contextualized Resources: By illustrating example behaviors based on real life stories that are set in the local community Photostories have the potential to initiate discussion as well as trigger reflection and action. With the focus of the Stepping Stones programme on inductive learning, contextualized materials provide valuable support to the implementation of ECD interventions. We will explore the use of Photostory to stimulate engagement, and trigger conscious decision making.


Ethical Approval

The study was first approved by the Institutional Ethics Committee Datta Meghe Institute of Medical Sciences, India and main trial was registered with Clinical trial registry of India (Trial Registry Number: CTRI/2017/05/008553) (Registered on: 15/05/2017).

Consent from the Village Head was sought to take photos in the neighborhood and community settings. The community-based volunteers took photographs on their mobile telephones/tablets as they carried out their home visiting schedules. The photos were taken unobtrusively and then consent was taken from the head of the household to use the captured materials.



Development, Implementation, and Evaluation

The development of the photostory methodology was a co-creative process coordinated by a team of researchers responsible for the monitoring and evaluation of the Stepping Stones programme. We intentionally sought to develop a technique that provided information to add value to the programme. The “add” would come from the observation of real life events, while “value” would come from the triangulation of evidence from other sources using a method that was rigorous, systematic, and feasible to complete within an already complex intervention system. The different components, how to capture, store and analyse the information, developed through an iterative process outlined in Figure 1.


[image: Figure 1]
FIGURE 1. Components of Photostory.


Following the initial design of the photostory methodology each component was evaluated as it was used, in a cycle of application and review, using feedback from the the community-based team. From this we observed the feasibility of the method proposed and identified the challenges to be addressed. Adaptations, or even re-design were then identified in collaboration with those who would actually be using the methodology, taking careful notice of what methods might cause additional challenges, and what aspects of the process engaged the users, and were seen as valuable. This was a crucial element of our design, enabling it to be culturally and contextually relevant so as to weave it into the system seamlessly. Our final step was the evaluation of information gathered through Photostory to measure behavior, track changes, make evidence-based decisions so as to stimulate further change in the Stepping Stones program. We applied a multistep iterative mixed method process to identify themes and evaluate changes in practices.


Capturing Data
 
Capturing Photos

Our primary challenge, while working within a limited budget, was access to and distribution of the necessary equipment, as well as the time to build skills to produce photographs with the clarity needed to support the systematic rating of the content. While other photography-based methods have used the participants themselves to collect the photographic material, these challenges precluded this as an option, at least for the initial round of data capture. Instead we used the staff delivering the intervention as the “observers,” while still directly involving parents in the process of analysis and reflection. Community based staff were trained on photo capture techniques, including composing photographs, as well as ethical issues on the collection and use of photographs. They were instructed to capture snapshots of activities they observed in the field which illustrated, in one or a series of photographs, current ECD practices in the community and homes.



Recording Narratives

Data collectors were trained to keep field notes, which were converted to narratives around the photographs on the day of capture. The narrative was intended to clarify the location of the activity, the proximity of the caregiver, and any other information that would increase the clarity of the story being told.




Storing Data

The photographs and narratives for which consent was received were handed over on the same day to central office for tagging and storage. The challenge here was to set up a system that could be applied efficiently to enter the Photostory into storage, as well as to easily identify and retrieve data as required. The system for downloading, archiving, and tagging the photos was managed by the coordination team. The keys steps identified were:


Selecting photos

From the photographs taken and downloaded only those photographs that were clear and in focus were archived.



Tagging

Each photograph was provided with a Unique Identification code that captured the date, time, and place of the story, while maintaining the confidentiality of its source. The code also linked the photograph/photographs to a transcription of its narrative.



Themed Coding

A data bank of photos was built up to be used as resource materials. To help in data retrieval the themes covered by the photo were identified and the photos tagged accordingly.




Analyzing Data
 
Developing a Rating Framework

The challenge was to identify a method that was simple enough to be applied consistently across raters while also capturing the inherent complexity of the Photostory. Other criteria were to enable comparison over time and place, and to share the findings in a clear, meaningful, and accessible format. Initial attempts to capture the complexity of each activity through an individual score failed to achieve these criteria. Instead we created an evaluation matrix, that reflected both the adequacy of the support provided, central to the ZPD concept of “scaffolding,” as well as the emotional aspects of teaching and learning that are integral to effective learning (18).

The starting point for this matrix was a description of positive parenting behaviors. A positive parent will ensure the young child is being watched over, but has the opportunity to explore, is encouraged to try new experiences, and develop old skills, and is praised for the attempt, irrespective of success or failure. The positive space will be where a balance is achieved through:

• Giving priority to a child's needs, interests, and level of development, while also drawing boundaries around safety.

• Providing clear standards of behavior and consistent monitoring, while also encouraging the child's freedom of expression.

• Including positive feedback through expressions of warmth and affection.

The Matrix was conceived as defining the “Learning Space” along 2 dimensions, that of Structure/Organization and Emotional Engagement. Within each dimension we acknowledged that a positive experience is a balance between two extremes, high vs. low, and that effective learning can be constrained by “too much” or “too little” on either of our key dimensions.



Dimension 1—Structure/Organization

This covers the planning of and for an event, activity, or routine, asking the questions: Are ECD opportunities being provided at all? Are they at an appropriate level for the child? Skills of Organization cover a spectrum, from disorganized; where there is no evidence of planning, no provision of materials, little or no attention to hygiene, environmental hazards; to Overly Organized, where the routines of the family or the events planned are controlled completely by the parent, allowing for no independent choice or space for the child to develop his/her own curiosities. The positive parent will anticipate and prepare to address needs, while at the same time providing the child with appropriate space to explore and play independently.



Dimension 2-Emotional Engagement

This covers the psychosocial aspect of participation in an event, activity, or routine. The evidence for this can be observed in the motivational support provided to the child, asking the question: Is there evidence of encouragement? Again it covers a spectrum, from no encouragement, where the child's achievements are not acknowledged, or the child is experiencing harsh discipline, to the caregiver being overly attentive, and not providing sufficient space for the child to develop his/her own choices, ideas and decision-making skills.

For each activity there are two perspectives that can be captured. One perspective is that of the Child as a Learner, and the other perspective is that of the Adult or Older child as a Caregiver, or mentor.

• From the Learner's perspective we examined (a) the engagement of the learner in the activity portrayed, and (b) the adequacy of the level of independence the activity allows. The focus is therefore on the match between the learning needs, and the learner's attention to and participation in that activity.

• From the Caregiver's perspective we examined (a) the emotional engagement of the caregiver to motivate and engage with the learner, and (b) the attention paid to the organization or structure of the task to stimulate independence.

While there is clearly some conceptual relationship between the two matrices generated, the child matrix illustrates how engaging learning activities are, while the caregiver matrix illustrates the effectiveness of the mentors (caregivers), as a measure of positive parenting, or effective scaffolding.

To be able to place each Photostory on the matrix a Rating Key was developed. Through an iterative process we sought at each step to increase the clarity of the language used, and thus show an increase in the consistency of the ratings within and between “raters.” We used a 5 point scale, with “too little” at one end of the spectrum, and “too much” at the other (rated as A to E), with the central ratings indicating a “balance,” the effective learning space. The key for rating from child and parent's perspectives are provided in Table 1.


Table 1. The key for rating the learning space.

[image: Table 1]



Evaluation—Gathering Evidence of Parenting Behaviors Through Photostories

Data Analysis was carried out by assigning a place for each Photostory collected in the Child/Learner Matrix. If the parent or older child was present, then the Caregiver Matrix was also completed. For cross validation, two independent persons not part of the photo collection process applied the ratings. The matrix of the learning space, along with the placement of the Photostories is presented in Figure 2. It reflects the pattern of behaviors observed, and also has the potential to provide guidance on next steps, illustrated by the different colors.

• Photostories placed in the green space indicate effective learning. These Photostories can be used to illustrate good practice.

• A Photostory that is placed in the yellow space indicates that the activity, or behaviors around it, could be adjusted in some way to make the experience of learning more effective. The type of adjustment depends upon exactly where the story is placed (see the description of the red and gray spaces below).

• Those in the purple space require significant adjustments, as they were placed at the extremes of the learning dimensions. Again, the adjustments needed will depend upon which end of the dimensions of learning they fall in.

• Each dimension is graduated from A to E, highlighted by red, green, and gray colors in Figure 2.

• Those levels in red indicate a trend toward “too much or extreme,” characterized by too much interference, anxiety, over-protection, or inappropriately high levels of difficulty. For Organization/Structure this is represented by levels A or B. For Emotional Engagement by spaces D or E. When a Photostory is placed here, parents need to increase their awareness of the positive benefits of free play and exploration.

• Those levels in gray indicate a trend toward “too little,” characterized by disengagement that comes from under-stimulation, disinterest, or overly simple tasks. For Organization/Structure, these are represented by stories placed in D or E and for Emotional Engagement for those in A or B. When a Photostory is placed here, parents need to increase their awareness of the positive benefits of scaffolding matched more closely to the child's level of development.


[image: Figure 2]
FIGURE 2. Photostories categorized using matrices of learning space from child and parent perspective at baseline and endpoint.





Utilizing Information
 
Describing Practices and Evaluating Change

Photostories were captured by the Stepping Stones team at two time points in the programme, Baseline and Endpoint. We informed parents/caregivers about how the photographs would be stored and also about how they might be used in the future. Participants' identity was not revealed. Photographs and stories that depict a vulnerable point in the child's or family's life were carefully archived and the identity of the person was protected. We anonymized the images by blurring or pixelating faces or other identifying features. We did this with several images.

We examined the two dimensions separately, at bothBaseline and Endpoint, to explore the Learning Space, and then compared the distribution of the Photostories captured at each time point, to explore the possible change over time. The focus of the analysis was the effectiveness of the Photostory process to capture behavior and track change. The data was combined across all villages receiving the Stepping Stones intervention to quantify the Learning Space and describe local practices.



Results

A total of 130 photographs were captured over a period of 3 months at the baseline of the programme. Out of these, 8 photographs that were dark, blurred, or repeated were excluded from the analysis. Some Photostories had only a single photograph, while others included a series of 3–4. Thus, out of 122 photographs, a total of 72 picture-stories were analyzed, 39 photographs were of children only and 33 were of parent and child.

At endpoint, a total of 105 photographs were captured over a period of 3 months during the endpoint survey. Out of these, 16 photographs that were dark, blurred, or repeated were excluded from the analysis. Thus, out of 105 photographs, a total of 89 picture stories were analyzed, 44 photographs were of children only and 45 were of parent and child.

The demographic characteristics of the villages from which photostories were collected are described in Table 2.


Table 2. Demographic characteristics of participants.
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We extracted evidence of the learning space provided for children and compared these across time. The results are presented below in Table 3.


Table 3. Proportion of activities in the effective learning space.
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From a child perspective, a statistically significant increase was seen in the number of photostories in the effective learning space i.e., green. From the parents' perspective photostories illustrated behaviors that more commonly fell in the yellow space, would benefit from adjustments, at both baseline and endpoint.

A statistically significant increase was found at endpoint in the number of photostories that reflect effective structure/organization of activities matching the child's learning needs (C). There was also an increase in the proportion of activities that were rated as “too difficult,” with fewer that were rated as “too easy.”

From the perspective of the parental contribution to the structure/organization of the activities portrayed, the majority of activities were at level C at both baseline and endpoint, with an increase in more difficult activities observed at endpoint (Table 4).


Table 4. Structure/Organization of activities from child and parent's perspective.
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Again, at endpoint a statistically significant increase was observed in the number of photostories portraying children effectively engaged in activities. Parental engagement levels remained stable, with no examples observed of high levels of interference (Table 5).


Table 5. Emotional engagement of activities from child and parent's perspective.
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In addition to a more quantitative use of the data for impact analysis we also explored the different ways in which the data could be summarized, interpreted, and shared.

To explore a method that makes the data accessible to the community we also examined the pattern of photostory placements using a visuo-spatial display of the data (Figure 2). The patterns described above can be more clearly seen in this format. The green area indicates the effective learning space, the yellow area, adequate learning, that could be better matched to children's learning needs, and the purple area indicates the activities that require significant adjustments for effective learning.

Figure 2 illustrates that even at baseline the concentration of activities is toward the center, the positive learning space. The most noticeable shift for children from baseline to endpoint was toward observing a higher level of engagement in the tasks. We can also clearly see that there were no examples captured of Photostories illustrating high stress activities. At endpoint, however, there are examples of activities rated as being poorly matched to the child's developmental levels, suggesting a trend toward tasks becoming more difficult.

Amongst parents, the most noticeable pattern overall was the concentration of behaviors from positive ratings at the center, down toward the bottom left-hand side, denoting low involvement and low engagement. There is also a, smaller, group of behaviors which suggest activities that are too difficult or too highly structured. There is an absence of activities toward the right, associated with more intrusive parenting styles.

Displaying the data in this way draws attention to the the need for parents to better guide their children toward activities more closely matched to their developmental level.




Understanding Local Practices

The details of the stories themselves provides greater insight into the meaning of the patterns described through the ratings of learning Space.

At the Formative stage, that is at baseline, Photostories reflect the positive practices already existing in the villages. This was evident both from the scope and range of activities observed. While the play environment was often observed to be appropriate for optimal growth and development, and the children were in safe spaces, only a few examples of conscious and careful practices in hygiene were found. In addition, the play activities seldom demonstrated actual parental involvement in the child activities. The children were seen to play by themselves, while the parents remained busy with their domestic chores, giving limited direction or encouragement.

We examined closely at the exact nature of the activities captured, comparing the baseline and endpoint stories on a village by village basis. The following stories illustrate the shift from the periphery of the matrix (purple and yellow) at baseline toward the center at the endpoint (green zone) taken in the same village.


Village 1

Baseline: “Two children are seen sitting outside the house waiting for their parents. The younger boy is not wearing clothes. The children look tired. The door is locked. They have a school bag with them, perhaps they have returned from the school (Photo-Story No. 2 Base-Line Archives).”

Endpoint: “The mother of a child has to work in the farm and as she could not leave the child unattended, so she kept her child with her sister in law and there was a neighbour's kid too in the house. The children were happy and playing together (Photo-story No. 1 Endpoint Archives).”




Village 2

Baseline: “A child standing in the vicinity of the house. The child is barefoot. A woman is filling water in the utensils from the tap. Another woman is sitting outside the house. A man is sleeping on a cot nearby. No interaction was evident with the child. (Photo-Story No. 2 Base-Line Archives).”

Endpoint: “A child was seen imitating her grandmother sweeping the floor. The grandmother was very much engaging with the child and she took the child away from the goats present nearby, while doing her work. (Photo-story No. 27 Endpoint Archives).”



Village 3

Baseline: “The child is playing with picture book, alone. Mother is doing her household chores. Grandma is talking with another lady passing by the road. Father is putting fodder to the cows in the courtyard. The child was playing unguided and exploring his environment. (Photo-story No. 28 Baseline Archives).”

Endpoint: “Mother and baby are looking at the chart pasted on the wall. Child wants to explore his environment. The baby is pointing to the pictures on the chart. As the baby is pointing, Mother is interacting and was very much engaging with the child and praising him. perhaps she is teaching her child – This is a ball. It is red in color. (Photo-story No. 87 Endpoint Archives).”



Village 4

Baseline: “The wooden plank is placed on the open drainage to take the motorcycle across, but the two children were sliding over that wooden plank, as a slide. They are sliding one after another. While playing this game, they seem to be quarreling with each other about who will go first and not waiting for their turn. A grandfather sitting on the porch. Both the children were unattended. (Photo-story No. 13 Baseline Archives).”

Endpoint: “Two girls and one boy are playing a popular outdoor hopping game, also called ‘tikker billa’. A grid is drawn on the ground and numbered. Players are taking turns and throwing an object, usually a small flat object over the numbered blocks. They are hopping on one/two legs across blocks to pick up the object to finish the turn. They are very much into the game. A mother and neighbor lady are sitting roadside and enjoying their child's game and cheering them for successful completion of their turns. (Photo-story No. 6 Endpoint Archives).”




Community Engagement

We later shared photographs with the community, with residents both from the intervention arm, and from the control arm of the main study. We organized the group meeting of caregivers in all intervention villages. Around 8–10 caregivers participated in the group meetings. Photographs were shown in groups and participants were asked to express their views on the activity shown.

We observed that photographs provoked detailed analysis of the structure of the activities, as well as of the levels of engagement of the “actors” illustrated in the photographs. This technique readily triggered reflections of their personal world and inner thoughts. The participants discussed various emotions like fun, joy, fear seen in the pictures, and many of them shared their own life experiences related to these emotions.

The parents and grandparents also offered insights of parenting, embedded in their own experiences of childhood. Visualizing themselves in the story helped participants to identify the areas they can strengthen or to improve in their own parenting practices. This exercise also encouraged the participants to acknowledge the positive practices in which they are already engaged, as well the significant role they can play in the child's development. At the end of each session participants were asked for their key take away. Examples of these reflections are:

A Grandfather observed, “I am going to take my grandson for a ride on my bicycle and tell my friends the fun they are missing.

A mother expressed, “While feeding, taking care, and dressing the baby, I will talk to the baby, and will tell him how much I love him. I will interact with him. I have not given enough time to him, but now I will surely do by best to engage, while doing the household chores.” A father pledged, “From now on I will play with my daughter every day. We will build a cardboard doll house together and put doors and windows in that house. I will praise her while making doll house. My daughter will be very happy.”




DISCUSSION


Developing the Technique

In comparison to Photovoice and Photo elicitation, our Photostories approach provided information that can be more directly linked to social action plans as it describes both the level and direction of need (2). We were able to develop a systematic, structured, and feasible process to explore the practices and behavior of rural communities from central India. This analysis was based around two key dimensions of Early Child Development (ECD), Emotional Engagement and Structural Organization. The technique provided an engaging and robust methodology through which to strengthen awareness and understanding of ECD, adapt interventions to meet specific and relevant needs, and generate an evidenced based dialogue on progress and change.



Evaluating Practices and Change

The approach helped us understand community ECD activities/behaviors in relation to effective learning by exploring in detail real-life events. The rating framework guided the analysis to reveal the type and form of activities that were already available in the community, while also providing a systematic approach to monitoring change. There was a noticeable shift of activities toward more effective learning from the child's perspective, most particularly in the greater engagement observed in the children over time. However, the activities from the parental behaviour's perspective showed a very minimal shift, possibly with a trend toward exposure of children to more difficult tasks. At a program level this information is useful to direct next steps. It suggests that future conversations with families will need to address in more detail the concept of “scaffolding.” This would involve guiding parents to closely observe their children's skills and to work together with parents to build up a bank of activities that are more closely matched to the developmental level of their child or children. Photostories will be able to provide both a focus to that conversation, as well as method through which change can be recorded and analyzed.

Through the details of the Photostories, we noted shifts in the interaction between parents and their children which the numeric data represents less effectively. We observed, for example, a change from baseline to endpoint in the way in which parents engaged with their children while carrying out daily chores. At baseline, the photostory would describe young children sitting alongside a busy parent. At endpoint, the photostories showed parents involving their children directly in the activity, increasing both the engagement of the child, and the level of communication between parent and child. This level of detail, embedded as it is in the local setting, provides data that is accessible and meaningful to the community.

Using photostories also provided a way to monitor the learning of the service delivery team. We observed that participating in photo capture and analysis stimulated a more detailed understanding of the daily experiences of the community. The evidence of positive behaviors already existing in the community provided the foundation for the field team to develop a more collaborative/interactive approach to conversations with families. They described Photostories as a “fun exercise,” that also provided a valuable self-reflective tool. It provided the field team with useful information to guide their activities and identify areas of work that need more attention. In addition to taking the photographs, the discipline of writing the accompanying narratives was found to help better understand the specific needs of the community, and of individual families. The field team were observed to use the photostories to inform the adaptation of their materials to match to the needs and lives of those they were working with.



Building a Repository of Materials to Support Behavior Change

Awareness or conscious caregiving emerges from reflection on what is happening in both the learner (child) and the mentor or guide (caregiver). The hypothesis is that greater awareness of what is already happening will ensure that activities will be more appropriately matched to children's learning needs, and that this matching will become a greater part of caregiving behaviors. We were able to successfully use this technique to raise awareness of ECD practices in the community. The field team found that using local examples made the process of illustrating the concept of positive parenting more straightforward. They were also able to draw the families into the conversation in a more interactive way, through affirming the skills and abilities that already exist. This enabled subsequent dialogue to build upon a positive foundation.

Photostory was also effective in generating interest on the part of the community to take part in the study. Unlike interviews, surveys, and even other form of discussion groups, which often fail to catch the attention of the community, parents readily shared their own opinions and ideas when the session began with looking at photographs. The technique provided a tool for parents to reflect on and use their own experiences growing up to make conscious decisions about what practices they should promote intentionally and mindfully with their own children.



Strengths, Limitations, and Mitigation of Risk Associated With Study

The main strength of the study was the demonstration of the adaptability of the process to the local context and of the ease with which participants could be directly involved in the evolution of the intervention. The process developed is easily replicated across different settings, as the content is, by definition, context specific.

We were also able to develop a rigorous rating scale, which links parent and child behaviors to guidance on promoting positive parenting practices. The rating framework was both systematic and informative, identified variability within the population and recorded change at both the individual and community level.

While we were able to demonstrate that within our programme the use of the Photostories technique contributed positively to team training and to community engagement we feel that we are only beginning to exploit the technique as a means of programme evaluation. For the Stepping Stones program the conclusions drawn on the impact of the intervention that this data provides is only preliminary.

Ethical considerations are a challenge. Issues of safety, respectful representation of participants in reports, and how images are used are all important considerations, and may influence the selection of stories to capture or share (1, 2). The validity of the rating scale will be enhanced by creating a more systematic framework of data capture, to reduce the potential bias in the selection of the initial shots around which the stories are based. We also need to explore the number of photostories required to provide an adequate sample.

In future steps we intend to bring families more directly into data capture, to explore the ability of this technique to both directly measure and enhance the shift from awareness to practice within the home. In addition, the framework itself needs to be validated through the exploration of the relationship between the concepts captured and child development outcomes.




CONCLUSION

The Photostory approach revealed that many of the activities in which young children are involved fall within an adequate learning space, highlighting the level of competency already existing in the community. This awareness heightens the sensitivity of the intervention team to their role as a facilitator, rather than that of a trainer, further supporting the value of an inductive rather than directive approach to implementation. Reflecting on the details of stories also increased our awareness of which aspects of the learning environment could be improved to move the narrative from “being effective” to “being highly effective.”

As a next step we intend to include the community in the processes of monitoring change and evaluate how Photostory contributes to building positive self-reflective practice.
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Introduction: The Healthy Pregnancy, Healthy Baby study (HPHB) augments a routine service (pregnancy ultrasound) with information about fetal and infant development and the importance of parent wellbeing and infant care, to assess whether it will improve child development and growth, parent-infant attachment, parental wellbeing and routine clinic attendance. This paper outlines the process of intervention development and implementation in a complex environment with multiple stakeholders.

Methods: Study participants were recruited from pregnant women attending fetal ultrasound (US) at Chris Hani Baragwanath Hospital (CHBH), Soweto, South Africa. Partners were invited to attend all sessions. The HPHB intervention, a novel combination of a health and a parenting intervention that augments a routine service (US), is being tested through a randomized controlled trial with outcome assessments at 6 weeks and 6 months follow-up. The current study outlines the process of moving from intervention design to full implementation in a high-risk clinical setting.

Results: Formative research informed the design and content of the intervention materials. Implementation is monitored through weekly reports and team meetings as well as formal and informal feedback received from staff and participants. Close collaborations with clinicians enhanced recruitment practices and provided clinical oversight of the trial procedures. Ongoing stakeholder engagement informed intervention procedures and strategies to address challenges that arise during implementation.

Conclusion: This study emphasizes the importance of dynamic, inclusive and interactive approaches to intervention development and implementation, as well as the purposeful use of varied information from diverse sources in decision-making for effective implementation.

Keywords: antenatal, ultrasound, development, pregnancy, fetal, parenting


INTRODUCTION

The 2017 Lancet Series Advancing Early Childhood Development: From Science to Scale, made two critical recommendations for scale-up of early childhood development (ECD) interventions. First, reaffirming a life course approach to promoting and supporting ECD and reiterating the importance of preconception health and wellbeing of mothers and the critical first 1,000 days of life. Second, that the health sector, which has frequent contacts with pregnant women and young children, provides an ideal entry point for scaling up interventions for ECD (1). Effective interventions that promote ECD, such as skin-to-skin contact, breastfeeding and micronutrients for mothers and infants, are already delivered through the health sector and these can be built on and expanded feasibly and affordably to include additional benefits (1, 2).

The 2015 South African Department of Health Guidelines for Maternity Care recommend that all pregnant women attending a district hospital should receive one basic obstetric US at 18–20 weeks gestation to determine intra-uterine pregnancy, fetal viability, multiple births and gestational age (3). Further, the country has adopted the 2016 World Health Organization (WHO) Antenatal Care Guidelines, which recommends eight antenatal visits and one US before 24 weeks gestation (4).

This provides a highly receptive context for integrated interventions that render multiple benefits without adding costs to current vertically delivered services. Beyond the health and survival benefits of early US, evidence suggests that US could promote early attendance and use of Antenatal Care (ANC) services (5). Pregnancy US is a highly formative experience and provides an opportunity for promotive activities, such as breastfeeding counseling during pregnancy, as breastfeeding intentions are usually established by the third trimester (6, 7). To capitalize on the potential added benefits, the Healthy Pregnancy Healthy Baby intervention is a novel combination of a health and a parenting intervention that augments a routine service (US) with information about fetal and infant development and the importance of parent wellbeing and infant care.

The aim is to assess whether this intervention will improve child development and growth, breastfeeding practices, mother/father-infant attachment, maternal and paternal wellbeing and routine clinic attendance. This paper reflects on our experiences of implementing a novel intervention in a complex environment with multiple key stakeholders. The paper focuses on the initial stages of the implementation process (Figure 1), viz. design (conceptualization and intervention development), decide (reflection on decision-making at key stages to illustrate our process) and implement (adaptation and initial steps of implementation).


[image: Figure 1]
FIGURE 1. Reflections on specific stages of the implementation process.




MATERIALS AND METHODS


Study Design and Setting

The HPHB study is a randomized controlled trial, which started recruiting from February 2018, with ongoing follow-up.

Study participants were recruited from women attending ANC at Chris Hani Baragwanath Hospital (CHBH), a tertiary level teaching hospital, in Soweto, Johannesburg. Women, with pregnancy risk factors such as hypertension, diabetes and HIV, among others, are referred to CHBH from community health centers. After screening for fetal risk by the Fetal Medicine Unit (FMU), recruited participants attended US visits at the SAMRC/Wits Developmental Pathways for Health Research Unit (DPHRU), located at CHBH.



Study Participants

Two hundred and forty-nine participants were recruited from pregnant women screened at CHBH. Eligibility criteria included age 18 years and older, residence within Soweto, a singleton pregnancy and <25 weeks gestation. Women were excluded if referral to CHBH indicated major fetal abnormalities and/or severe maternal morbidities, or if a woman was attending specialist antenatal clinics. Eligibility screening occurred in two stages. First, age, place of residence and gestational age of the woman was recorded to alert the FMU team that a woman was potentially eligible for study inclusion. Second, the FMU screened women for clinical risk factors, which determined whether a woman was able to be recruited into the study. If fetal abnormalities were detected during US, women were excluded from our trial and followed up at specialist clinics.



Study Procedures
 
Formative Research and Stakeholder Engagement

Study procedures were informed through formative research comprising evidence review and qualitative research conducted with pregnant women attending ANC at CHBH prior to the trial inception. Focus group discussions and in-depth interviews were conducted with women during pregnancy and approximately 6 weeks after birth to explore their expectations and experiences of pregnancy, as well as how nurturing care can be promoted through the health system (8).

Multilevel stakeholder engagement strategies were employed during intervention conceptualization and development, and continuously throughout implementation of the trial. Stakeholder engagement included meetings/workshops and presentations with policy makers, researchers/academics, clinicians and FMU staff, civil society organizations, programme managers, and representatives from public benefit and multilateral organizations working in the field.



Intervention Procedures

Eligible women were randomized to one of three study arms. Arm 1, the control group, received one US at DPHRU <25 weeks gestation, where standard fetal growth measurements were taken but no intervention was delivered. Arm 2 received the study intervention at the first research ultrasound visit. Arm 3 received the intervention at two ultrasound visits' at <25 weeks and <36 weeks gestation. They received the same intervention as Arm 2. All study US were additional to those received as part of routine care at CHBH. Partner involvement and interest in the pregnancy and baby were encouraged by inviting men to attend the study US and follow-up visits in all arms.

Mothers in the intervention arms received a small baby book with information related to fetal and infant development, maternal wellbeing, partner support, breastfeeding and parenting preparedness. Participants in the intervention arms also received hardcopies and digital ultrasound images and a photograph of the woman having the US, with her partner, where present. Digital images were sent to participants via WhatsApp to share with family and friends. Printed images were given to participants during the session, which could be attached to the baby book (Figure 2).


[image: Figure 2]
FIGURE 2. Intervention components.


The intervention was delivered by trained sonographers who, due to the nature of the intervention, were not blinded to arm allocation. Study sonographers underwent 2-day training to standardize ultrasound procedures and another 1-day refresher training conducted by a senior sonographer and educator. As the focus of the intervention was new to sonographers, additional training (by the study investigators) was provided on how to communicate about fetal development with participants (and their partners) and how to deliver and reinforce messages and information about maternal wellbeing and child development using the study resource materials.

Figure 3 shows the implementation framework for the study. Further information on the study procedures are available in the trial protocol (9).
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FIGURE 3. Implementation framework for the Healthy Pregnancy, Healthy Baby study.





Data Collection and Management

Data are collected on the enrolled women, their partners (where available) and the infant by trained independent assessors at three stages, viz. (1) baseline at the first study US visit at DPHRU <25 weeks gestation; (2) 6-week postnatal follow-up; and (3) 6-month outcome assessment.

Baseline data collection included information on the participant's sociodemographic information, reproductive history and feeding intentions. The participant and her partner completed a social support questionnaire and an US experience questionnaire after the session. Maternal and Paternal Antenatal Attachment Scales (10, 11) were used to assess fetal attachment and the Edinburgh Postnatal Depression Scale (12) to identify parents at risk of depression.

Six-week follow up questionnaires and measures were completed with mothers, infants and partners by trained assessors. Questionnaires included information on the perinatal and postnatal period, breastfeeding practices, infant behavior (sleep, crying etc.), and partner and social support. Postnatal depression was assessed for the mother and partner using the Edinburgh Postnatal Depression Scale. Infant weight and length were measured following standard procedures, using the SECA 367 infant scale for weight and SECA 416 infantometer for length. Anthropometric measures were converted to z-scores using the 2006 WHO Growth Standards for LAZ, WAZ, and WLZ. Birth and postnatal information, including on maternal and infant birth outcomes, were collected from the official child health record.

Study outcomes are assessed at 6-month follow-up by trained assessors who are blind to the arm allocation using (1) questionnaires administered by interview, (2) direct child assessments, and (3) videotaped mother-infant interactions.


Primary Outcome

Infant cognitive, language/communication, motor and social-emotional development is assessed at infant age 6 months using the Bayley Scales of Infant and Toddler Development (Bayley-III), which has been validated in SA (13, 14). Assessments are conducted by occupational therapists and physiotherapists trained in child development and blinded to participant allocation. The Home Screening Questionnaire (HSQ), a 30-item parent-report tool, is used to identify features of the home environment related to childhood development (15). The HSQ has been validated and used for research purposes in SA and does not require a home visit (16, 17).



Secondary Outcomes

Mother-infant interaction is rated to agreement, by two blind assessors, from a 5-min videotaped observation of mothers and infants “talking and playing with each other.” The infant is placed in a highchair, with the mother seated at the same height opposite the infant and they have an attractive stack toy to share. An adapted coding scheme developed by Richter et al. (18), is used to code engagement (eye contact, joint attention), emotional tone, emotional regulation (comforting for distress), responsiveness and scaffolding.

Infant weight and length measures, the Edinburgh Postnatal Depression Scale and interview-administered questionnaires on breastfeeding practices, partner and social support are repeated. Information on infant immunization status and clinic attendance are obtained from the child's health record (Road to Health Book).



Intervention Fidelity

Participant adherence is assessed by counts (e.g., visit attendance) and intervention delivery was monitored by observing contacts between the sonographer and participants to record the nature of interactions and assess the quality of intervention delivery and data collected. Intervention dose was measured by recording duration of ultrasound visits (with and without delivery of the intervention). Participant experience was monitored by gathering participant and partner views on the ultrasound experience.

To ensure quality of study procedures, all staff were trained on the principles of research ethics and Good Clinical Practice, including informed consent and how to communicate with participants with low literacy levels. They were also trained on how to complete the study questionnaires, appropriate referral procedures, study operating procedures and how to manage sensitive issues and difficult situations. Outcome assessors are Masters-level occupational- and physiotherapists with a minimum of 5 years' experience in conducting child development assessments. They were trained to administer the child development outcome assessments, as well as to set up the assessment space, establish rapport with infants, and accurate recording etc.

Study data are collected and managed using REDCap (Research Electronic Data Capture), which is a secure, web-based application designed to support research. REDCap enhances data quality by checking for missing data, providing audit trails for tracking data management and export procedures, controlling questions that must be completed for each participant, and detecting invalid answers in real time (19). Standard operating procedures (SOPs) support the delivery of the study procedures and intervention according to the trial protocol. Research staff received thorough training, standardization and close monitoring of adherence to data collection and management procedures. Data are checked regularly by the study coordinator and data manager to ensure quality.

This paper describes the process of intervention development, adaptation and implementation, outlining the decision-making processes and influences at particular stages of the implementation process.




Ethics

The Human Research Ethics Committee (Medical) of the University of the Witwatersrand, South Africa, provided ethical approval for the study (M181915). The trial is registered with https://pactr.samrc.ac.za (PACTR201808107241133).




RESULTS


Description of the Intervention Development, Adaptation, and Implementation
 
Intervention Design and Development
 
Formative Research

Existing evidence indicate that women value seeing their baby and hearing the fetal heartbeat via ultrasound and find the experience emotional and reassuring (5, 20–22). Similar findings have been reported from research conducted with fathers, and the presence of the father appeared to have a positive effect on their pregnant partner (23). US provides an opportunity to engage fathers to promote support for their partner during pregnancy and active involvement in child care (24). There was also evidence showing that there is a demand for pregnancy US, with some women opting to pay for additional scans if needed (25). The additional benefits US may offer, beyond survival-focused clinical care, reinforced the decision to try to leverage this existing service to promote ECD starting in pregnancy, and to engage fathers.

Qualitative findings reaffirmed that women wanted to see the fetal image, did not know they could hear the heartbeat and were often told little other than their expected date of delivery and whether or not there were complications or abnormalities. Many women indicated that they would have liked more information and to be able to share the experience with others (8). These findings confirmed that the US interaction is currently underutilized as an opportunity to engage pregnant women and their partners in the development and wellbeing of their unborn baby and in preparation for parenting. It provided the study team with a better understanding of the current landscape in which practices were embedded and the perceptions, motivations and priorities of the intended target audience (pregnant women and their partners), to inform intervention development and implementation. It also confirmed the importance of including partners in the intervention and the need for information on their role during pregnancy and parenting.



Intervention Delivery and Content Development

Most women attending ANC at CHBH are referred from community health centers with general risk factors. CHBH is one of the world's biggest hospitals and attends to ~24,000 births annually. This meant that the research team had to work closely with the clinicians and staff at the unit to refine screening criteria and recruitment procedures to minimize disruptions to services. The FMU clinicians also helped to define the referral procedures when abnormalities were detected at study US and to tailor the overall intervention design and components to better fit the complex implementation environment.

The next step in the process was to develop the detail of intervention components and materials. This was achieved through workshops with research staff to review formative research findings, discussions with key stakeholders (programme managers, policy makers etc.) and consultations with the clinical staff at the CHBH ANC unit. These were supported by the concurrent development of study SOPs, protocols and tools. One of the main decisions that arose from these engagements is that the intervention had to be “light touch,” in order to be delivered feasibly by an existing health workforce (i.e., sonographers) without significant additional investments, role expansion and burden to already strained services.

Stakeholder engagement workshops held early in the design phase were useful for aligning the interventions with current health system priorities and ensured that policy makers and those responsible for potential scaling up felt the intervention was relevant and feasible. Shifting from a “survive” to “survive and thrive” orientation within the health sector, South Africa's child health record, the Road to Health Book (RTHB), has been redesigned. There is also a move to defining a “first 1,000-day service package” and this led to decisions to align the “look and feel” of the intervention content and material to the RTHB. As current national pregnancy resources are not oriented in the same way nor aligned with the RTHB, this provided the opportunity to test materials that could influence practice if proven beneficial.

Pretesting intervention content and materials allowed us to identify and adapt components that were misunderstood, did not adequately communicate intended messages or were not relevant to our target audience. Pretesting of the intervention materials was conducted via focus group discussions with pregnant women from Soweto. The sessions were led by an experienced, multilingual qualitative researcher, with an observer present, and elicited feedback on comprehension, acceptability and relevance of the content and materials, used to refine final versions.




Recruitment and Retention Strategies

The complex health environment and additional screening requirements posed specific challenges to recruitment as there was a select pool of women from which to sample. The screening US was conducted by FMU staff within a busy public health service, which resulted in slow recruitment. Strategies to overcome recruitment difficulties that did not over-burden clinical staff were agreed upon through regular face-to-face meetings and liaison with FMU staff. For example, recruiters assisted sonographers in completing the screening checklists with women at US during busy periods. We also adopted more proactive recruitment strategies, such as increasing the number of recruiters on-site to follow up all potentially eligible participants before and after ANC consultation and their FMU ultrasound.

Every enrolled participant received a partner invitation card, which contained a brief outline of the study and invited partners to attend the study US. However, partner participation in the study was lower than anticipated. In order to address this, with the agreement of participants, the study team contacted partners shortly after enrollment and made follow-up phone calls closer to the study visit to encourage attendance. Weekend sessions were included to accommodate those partners who worked during the week. The participant and her partner were provided with a photograph of them attending the US session to enable discussions about the experience and to elicit interest and possible future partner participation. Research staff make regular phone and WhatsApp contact with participants and their partners in-between study visits to promote retention in the study. We also follow-up participants who default to encourage and facilitate future follow up attendance, and with those who withdraw to understand their reasons for dropping out of the trial. Follow-up interviews are conducted by telephone for partners who are unable to attend physically.



Continuous Review and Adaptation

We designed a dashboard to monitor study indicators and reports are submitted by research staff on the required indicators and discussed with the study team on a weekly basis to review and address issues/concerns. Staff found the original study dashboard and weekly progress reports confusing, which led to adaptations in the design to simplify the reporting process. Management of the overall dashboard became the responsibility of a data manager and reporting of the weekly numbers was the responsibility of the project coordinator. These changes, as well as regular data and implementation monitoring meetings involving the whole research team, assist with data quality control. It ensures that any issues (such as incorrect data capture) are dealt with promptly, and any required adaptations to data collection or management processes are made timeously. It also facilitates self- and team data quality monitoring.

It became evident that the intervention depends largely on the interpersonal skills of the sonographer to deliver the messages effectively. This information was gained from observational data collected using a variety of sources, i.e., data collected on participant experiences of the US, observations by a senior researcher, reflections from research staff and self-reflection by the sonographer. In this way, an interactive and inclusive approach to data collection (and use) was able to highlight specific issues so that necessary adaptations (in this case, increased supervision and support) could be made timely and collaboratively.

The research staff observed that partners who attended the US visit, displayed great interest in the encounter and were often very emotional during the session when they visualized their baby and heard the fetal heartbeat. Participants who attended with their partners also shared messages with the study team about how the experience had positively influenced their partner's support and interest in the pregnancy, and in their wellbeing and that of the baby. Due to these qualitative observations and the informal feedback received, we submitted an ethics amendment to videotape a small number of couples during the US to illustrate, especially men's responses to the encounter.



Collaboration and Networks

We established a broad stakeholder network at the start of the trial to allow for engagement and input into the design, adaptation and implementation processes. It also served to keep key stakeholders informed of progress and lessons learnt during the course of the study. These engagement processes created as a valuable platform to problem solve challenges, garner support for the research and explore how the lessons learnt and any beneficial findings could be translated into practice. There is considerable interest in the trial, due to the novelty and intuitive appeal of the intervention to stakeholders, who perceive the intervention as having a potential triple benefit for children: survival, health and development.

At an operational level, close collaboration with the clinical management and staff of FMU were critical from the start to provide clinical input and oversight of the trial procedures. This allowed for more effective planning and review of intervention design and implementation, including the recruitment and training of study sonographers, refining study recruitment procedures and defining clear referral pathways.





DISCUSSION

This paper reports on the HPHB study processes used to advance from intervention development, adaptation and implementation, and outlines the decision-making influences and procedures at different phases of the implementation process. The study highlights the need for dynamic approaches to intervention design, adaptation and implementation, the importance of using different types of information from a variety of sources for decision-making and the essential role of inclusive and interactive approaches for intervention development and implementation.

Due to the highly receptive context for potential scale-up of the augmented US innovation through the health system, it was important to include considerations of feasibility, replicability and scalability into designing our intervention from the start. We wanted to maximize this opportunity to integrate an ECD intervention into existing health services rather than try to deliver and scale up a new intervention with additional human resource requirements. Hence, it was important to be responsive to challenges and opportunities that arose during intervention design and implementation to improve the prospects of translating the augmented US intervention into routine practice, if shown to be beneficial.

Adopting a dynamic approach to implementation enabled the research team to make the necessary adaptations to design and delivery and to be sensitized to and leverage opportunities to enhance implementation. Using formal and informal data from our study participants and research staff have helped to complement routine data collection methods, such as including videos of fathers attending the US, as well as guide our decision-making throughout implementation. This is beneficial for the study at this time but will also enable better acceptance and translation of interventions when moving to scale (26, 27).

Regular, “whole team” data monitoring procedures allowed for better data quality (due to improved peer- and self-monitoring), and responsivity when needs for adaptation and improvement arose in response to lessons learnt. Collecting and using quantitative and qualitative data from a variety of sources helped the study team to continuously reflect and monitor implementation progress and quality. These data sources include data about US experiences, observational data collected during sessions, WhatsApp and SMS messages sent by participants about their US experiences, video clips of the sessions, weekly monitoring meetings and reports and regular team debriefing and feedback about progress. Often more traditional forms of feedback, such as data monitoring reports are more valued with less attention paid to the need for, and contribution of, interaction platforms for group and personal reflection as part of the implementation monitoring process (28). Dedicating time for regular reflection by research staff, as well providing opportunities for interactions (formal and informal) that allow participants to share their experiences and thoughts, helped to promote shared learning and continuous improvements along the way.

The formative research confirmed assumptions made by the study team and influenced the nature and delivery of the intervention. Collaborations with the CHBH clinical services and broader stakeholder engagement also played an important role in aligning the research question with local and national priorities, learning from implementation processes and challenges, and providing greater transparency in study procedures and decision-making. This is highlighted as important in intervention research (29, 30), and was also found to be essential here.

Areas that require strengthening include gaining a better understanding of how to address issues faced with recruitment and retention of partners. Despite employing a number of strategies, this remains a challenge throughout the study and requires a more partner-centered approach moving forward. Using interactive and inclusive approaches to data collection is a strength of this study but also an area that should be built on when transitioning to scale. Focused strategies to include more qualitative data, using a variety of methods, would enhance the interpretation of quantitative findings.

Health systems have a number of “moving parts” that are inter-related and interactive (31, 32). We have had to consider these interdependencies and allow for self- and collective reflection on the implementation process and procedures using inclusive approaches (involving all stakeholders) in our decision making in order to adapt and be flexible.

It is clear that successful scaling strategies require dynamic, inclusive and interactive approaches to intervention development and implementation, as well as the purposeful use of varied information from a range of sources for decision-making. Reflecting on the study implementation processes has provided us with a better understanding of the strengths and weaknesses related to our implementation strategy and monitoring and evaluation system. This allows us to work on ways to address deficiencies and build on strengths moving forward but also contributes to the evidence-base on how to address implementation challenges in complex settings, especially when planning for scale-up.
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This paper describes the process of adapting an early childhood development programme, with proven effectiveness in Bangladesh, for integration into government health services in rural Bangladesh. Through a three-stage process, we adapted an evidence-based, home-visiting, programme (Reach-Up and Learn) for delivery in government health clinics by government health staff as part of their regular duties. Stage one involved preparing an initial draft of two parenting interventions for use with: (1) pairs of mother/child dyads, and (2) small groups of mother/child dyads. In stage two, we piloted the adapted interventions in nine clinics with a total of twenty-seven health staff and 357 mother/child dyads. We used data from mothers' attendance, feedback from participating mothers and health staff and observations of parenting sessions by the research team to revise the interventions. Stage three involved piloting the revised interventions in six clinics with eighteen health staff and 162 mother/child dyads. We gathered additional data on mothers' attendance and used observations by the research team to finalize the interventions. Through this three-stage process, adaptations were made to the intervention content, process of delivery, materials, and engagement strategies used. The largest challenges were related to incorporating the parenting programme into health staff's existing workload and promoting mothers' engagement in the programme. We also simplified the content and structure of the curriculum to make it easier for health staff to deliver and to ensure mothers understood the activities introduced. This iterative piloting was used prior to implementing and evaluating the interventions through an effectiveness trial.

Keywords: early childhood, low- and middle-income countries, parenting programme, adapting interventions, integrated services, Bangladesh, psychosocial stimulation


INTRODUCTION

Worldwide 43% (250 million) children under-5 years of age in low- and middle- income countries (LMIC) are at risk of not attaining their full developmental potential due to poverty, malnutrition, and lack of appropriate early stimulation (1). There is evidence from many efficacy trials that early parenting interventions are effective in preventing the loss of children's development potential (2). The challenge now is to implement these interventions at scale to large numbers of disadvantaged children by integrating them into government health, nutrition, social security, or educational systems (3).

Poor Bangladeshi children show a significant cognitive deficit as early as 7 months of age compared to their more affluent peers, and the deficit grows larger as children reach 5 years of age (4). These deficits are likely to lead to long term effects on their educational attainment and adult productivity. There is thus an urgent need for national dissemination of effective parenting programmes to promote young children's development. The evidence-based, Jamaica home-visiting early childhood intervention programme (now called Reach-Up and Learn) was previously adapted for Bangladesh (5). The programme has been evaluated in three efficacy trials with undernourished children and has shown significant benefits to children's development and behavior and to mothers' parenting practices (6–9). The next steps are to extend the reach of this programme in Bangladesh, while maintaining its effectiveness.

The Bangladeshi government delivers primary health care through community clinics (CCs) in rural areas across the country. The CC is the lowest tier of the health facilities providing primary health care, family planning and nutritional services. There are over 13,000 CCs and they are established in all rural areas including remote and hard to reach areas. Each CC is staffed by three health workers: a Community Health Care Provider (CHCP), a Health Assistant (HA) and a Family Welfare Assistant (FWA). The CHCP works full-time in the clinic, and the HA and FWA spend 2–3 days at the clinic and the remaining days work in the community. CCs provide services for 6 days a week with operating hours from 9 a.m. to 3 p.m. The majority of CHCPs and HAs have Masters degrees and the FWAs have usually completed secondary (grade 10) level education. Most patients attend clinic in the morning and CC staff generally finish their regular schedule work around noon. Given the reach, structure and staffing levels of the community clinics, they provide a logical service for integrating parenting sessions within the routine work of the clinic.

The aim of this study was to adapt the Reach-Up and Learn home-visiting programme so that it could be implemented through the CCs with sessions conducted by government health staff as part of their routine duties. The beneficiary target group was mothers of undernourished children aged 6–36 months. We targeted undernourished children as undernutrition is an important risk factor for poor development, is relatively easy to measure, and has high prevalence in Bangladesh (10, 11).



METHODS

We developed two adapted versions of the Reach-Up and Learn home visiting programme for integration into the community clinic services including curricula for use with: (1) pairs of mother/child dyads, and (2) groups of four to five mother/child dyads. Both curricula have potential to extend the reach of the intervention, which was previously delivered with one mother/child dyad. The intervention development approaches used included: (1) the “target population centred” approach that involves incorporating the views and actions of the participants and delivery agents, and (2) the “implementation-based” approach that involves maximizing the likelihood that the intervention will be used in the real world (12). The study was conducted from July to December 2014 and consisted of three stages of formative research (Figure 1). In stage one, we developed a first draft of the two new curricula. In stage two, we piloted these curricula in nine CCs and identified enablers and barriers of implementation related to the content, structure, materials, and process of implementation. The data gathered was used to revise the curricula and process of delivery. In stage three, we piloted the revised curricula and tested two different participant engagement strategies in six CCs. The results of this study were used to finalize the two parenting interventions for testing in an effectiveness trial. Ethical clearance for the study was obtained from Institutional Review Board of the International Center for Diarrhoeal Disease Research, Bangladesh (icddr,b). Informed consent was obtained from all health staff and parents participating in the study.
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FIGURE 1. Stages followed in adapting Reach Up and Learn for integration into Government Health Services in Rural Bangladesh.



Stage One: Preliminary Adaptation of Reach-Up Home-Visiting Curriculum

Reach-Up and Learn is a home-visiting, play-based intervention for mothers of children aged 6 months to 4 years that was developed from the Jamaican early stimulation programme (13). This programme has evidence for long term benefits to children's IQ, educational and economic achievement, mental health, and involvement in violence (14, 15). It has been replicated in several low- and middle-income countries (16), including Bangladesh (7–10). The programme uses a structured curriculum, suitable for use by paraprofessionals, with developmentally appropriate activities organized to support weekly or fortnightly home visits. Emphasis is placed on parent-child interaction, praise for both parent and child, and encouraging parents to play and talk with their child during everyday routines and in structured play activities. The curriculum uses home-made toys (e.g., toys made from recyclable materials and soft toys such as doll, bean bag, ball), wooden blocks, picture books, puzzles, and games. One or two play materials are left in the home after each home-visit and then swapped for different materials at the next visit. To adapt this intervention for integration into the Bangladesh government health system we revised the curricula to make it suitable for use in the community clinic setting (rather than through home visits) and for use with either pairs or small groups of mother-child dyads to extend the reach of the programme. The content and structure of the first draft of the pair and group curricula is shown in Table 1. Each curriculum consisted of 12 parenting sessions, lasting between 45 min and 1 h, designed to be delivered fortnightly and suitable for mothers of children aged 6–36 months. The most important adaptations involved (1) reducing the number of play materials used in the intervention due to cost, transportation, and storage problems associated with providing a wide variety of materials, (2) adapting the play activities to make them suitable for children of a wider age range, (3) ensuring the activities were suitable for use in a clinic rather than a home setting.


Table 1. Development of the pair and group curricula.
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Stage Two: Piloting of Adapted Pair and Group Curricula
 
Methods

The aim of stage two was to identify the enablers and barriers to implementing the adapted pair and group curricula within the community clinic network, using the existing health staff. This included factors relating to the content, structure, materials, and process of delivery of the curricula, the strategies used to recruit and engage the mothers in the session and the challenges faced by health staff in integrating the sessions into their regular workload.


Sample

The study was conducted in the Sonargaon sub-district, under Narayanganj district, located 80 km from Dhaka city. Sonargaon consists of 30 community clinics and nine clinics were purposively selected for easy accessibility and availability of transportation facilities. We screened all households with children aged between 6 and 33 months old living within 45 min walking distance from the selected clinics. All children were weighed and those with weight-for-age z-score of ≤-2SDs of the WHO growth standards were eligible to participate in the study. We enrolled up to 40 children in each clinic; when more than 40 children were identified, we randomly selected 40 children to participate. The programme was discussed with the mother and other members of the household who were present and the mother was invited to participate in the parenting sessions. Children with severe malnutrition (<-3SDs weight for age z-score) and children with disabilities were referred for specialist services and excluded from the study. Details of the number of clinics, health staff, and mother/child dyads participating in the piloting activities are shown in Figure 1.



Intervention Implementation

The research team provided 2 weeks training in how to conduct the parenting sessions to the Community Health Care Provider (CHCP), Family Welfare Assistant (FWA) and Health Assistant (HA) from each of the selected nine clinics. Training was conducted in two waves: health staff from five clinics were trained in the pair curriculum and health workers from four clinics were trained in the group curriculum. A member of the research team supervised the parenting sessions with a minimum of two visits per week to each clinic. During each visit, the supervisor assisted the health staff in preparing for the session, provided ongoing support during the session, and completed a monitoring form with input from the health staff to record enablers and barriers to programme implementation. During this pilot study, mothers attending clinics implementing the pair curriculum were offered a total of six parenting sessions, while five parenting sessions were offered to mothers attending clinics delivering the group curriculum. Each mother-child dyad attended fortnightly sessions. Health staff in pair clinics conducted 9–11 sessions/week and staff in group clinics delivered 4–6 sessions/week.



Data Collection

We collected data on parent attendance at each session and conducted semi-structured interviews with health care staff and a subsample of participating mothers. Twenty-three mothers were selected from two of the pair clinics based on session attendance to identify the enablers and barriers to attendance from the perspective of the mothers. The sample included five mothers who attended all six sessions, ten mothers who attended three sessions, four mothers who attended one session and four mothers who attended zero sessions. Nineteen mothers who had attended three or more sessions were selected from two of the group clinics to investigate the extent to which the mothers understood the activities that were introduced in the sessions. Mothers were asked to show the interviewer the toy, book, and language activity that had been introduced in the previous session and to describe the developmental and nutritional message. This data was used to assess if mothers remembered and understood the activities and messages from the session. Mothers were also asked how many times a week they conducted the activities at home. Mothers were interviewed at their home by a female member of the research team using a semi-structured questionnaire. Mothers' responses were written verbatim. Each interview lasted ~30 min. We also conducted two group discussions with clinic staff to explore the enablers and barriers to implementing the parenting sessions from their perspective. A semi-structured interview was used and covered enablers and barriers relating to the curriculum content, the materials used, the process of delivering the sessions, mother engagement, and integrating the sessions into the regular clinic activities. Nine health staff from pair clinics and eight health staff from the group clinics participated in these discussions. Two researchers conducted these interviews with one moderating the discussion and the second keeping detailed notes.




Results

Mothers' attendance declined over time in both pilot studies (Table 2). Table 3 shows the main reasons for non-attendance from the perspective of mothers in the pair clinics and the data on mothers' understanding of the activities from the interviews with mothers attending the group clinics. Many mothers expressed ambivalence about the sessions, describing the positive aspects of the sessions while also mentioning factors that limited their motivation to fully engage with the programme:

“The session is very much and he enjoyed the sessions. But the clinic does not provide any vitamin syrup. If the clinic gives medicine, nutritious food and advice about nutrition and sickness then I will come to the sessions.” (Mother from pair clinic)


Table 2. Mothers' attendance at parenting sessions in stage 2 and stage 3.
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Table 3. Supervisors', health staff and mothers' perceptions in stage two.
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In the group clinics, the majority of mothers (95%) reported doing the activities at home frequently with their child. However, the activities reported were not always age-appropriate, indicating that more clarity was needed during session delivery.

Key enablers and barriers from the perspective of the clinic staff and core observations from the supervisors are also given in Table 3. The clinic staff recognized the value of and gained professional satisfaction from conducting the sessions; their main concerns related to the increased workload.

“I personally think the program is good. Sometimes I feel it is an extra work but not always. If children play well and do better then I feel good to see that the children are improving.” (Community Health Care Provider)

Other barriers to intervention implementation were related to the complexity of the curricula. For example, there were too many activities included in each session, the curriculum manuals were hard to use, and health workers spent insufficient time on some activities. Health staff were also overly didactic during the parts of the session that involved discussion. Based on the data collected, we made revisions to both the pair and group curriculum to make the sessions easier to conduct and to encourage more participatory and interactive delivery methods, and we adapted the process of implementation to ensure the programme could be managed within the staff workload (see Table 1). In addition, due to the poor mother attendance, we limited eligibility for the programme to mothers who lived within a 30-min walk from the clinic and designed two recruitment strategies to be tested in stage three: (1) providing an incentive to attend the sessions, and (2) conducting community motivational meetings prior to restarting the parenting sessions.




Stage 3: Piloting Revised Pair and Group Curricula and Engagement Strategies
 
Methods

The main aim of the stage three was to evaluate the effectiveness of two different engagement strategies on mothers' attendance. We also continued to monitor the quality of the parenting sessions to identify if the changes made to the curricula led to more successful implementation.


Sample

For financial and logistical reasons, the pilot studies in stage three were conducted in only six of the nine selected clinics. From the original sample of 40 parent-child dyads/clinic, we excluded parents who lived more than a 30-min walk from the clinic and then randomly selected 20 parent-child dyads from pair clinics and 30 parent-child dyads from group clinics to continue in the programme (Figure 1).



Engagement Strategies

In community clinics conducting the pair sessions, we organized community motivational meetings that were attended by village elites, local leaders, school teachers, health care staff and the selected mothers and their families. We provided psychoeducation around the importance of play and stimulation for child development and introduced the play materials used in the programme. The village leader also delivered a speech encouraging families to engage with the programme. In the community clinics conducting the group sessions, we offered mothers an incentive of half a liter of cooking oil for every session attended.



Intervention Implementation

A further four parenting sessions were offered to mother-child dyads in all six clinics participating in the stage three piloting activities. Mothers attended sessions once a fortnight and a total of 4–5 parenting sessions/week were conducted in pair clinics and 2–3 parenting sessions a week were conducted in group clinics. Supervisors continued to attend a minimum of two sessions per week in each community clinic to provide ongoing support to the health staff and to document the quality of the sessions.



Data Collection

Mothers' attendance at the sessions was recorded. Supervisors completed record forms on the enablers and barriers to implementation after each session.




Results

The adaptations to the curricula, including adaptations to the content, materials, and structure as shown in Table 1, led to higher quality implementation of the curriculum. Observations by supervisors indicated that the sessions were more organized and interactive and health staff were competent at conducting the age appropriate activities with each mother-child dyad. Sessions were usually held on time and the reduction in the number of sessions held per week made it easier for the health staff to schedule the sessions when the clinic was quiet.

Mothers' attendance was greatly improved with both engagement strategies used (Table 2). The incentive of a half liter bottle of oil was highly successful at motivating mothers to attend with average attendance above 90%. However, there were logistical problems in giving oil related to purchasing, delivery, storage, accountability, and record-keeping. Furthermore, other members of the community started to gather at the clinic to ask for oil and the health staff also expected to be given a bottle of oil after each session. The use of community motivational meetings led to a slightly lower, but still acceptable average attendance of above 80%.




Final Versions of the Adapted Parenting Interventions

The final version of the curricula consisted of 12 fortnightly parenting sessions, suitable for children aged 6–36 months that were repeated every 6 months. Activities were divided into child age months for the pair curriculum and either 6- or 12-month age bands in the group curricula. Hence, when the sessions were repeated, most children would be introduced to activities in the higher age range. Each session included the following: (1) feedback from the previous session, (2) a song, (3) demonstration and practice of the toy, book and language activities, (4) developmental and/or nutritional message(s), and (5) review and reminder of home activities. Mothers were given at least one book and one toy during each session and these were swapped for a different book and toy at the next session. Given the cost and the logistical challenges associated with providing oil and the success of the community motivational meetings, we chose the latter strategy as the key engagement strategy to be used in the effectiveness trial. We also planned for quarterly refresher meetings within the community with small gifts provided to mothers with high attendance at the sessions to sustain mothers' engagement in the programme. We also decided to only recruit eligible mothers who lived within a 30-min walking distance from the community clinic. The revised curricula have since been evaluated with large benefits found for child cognition, language, motor development and behavior in addition to home stimulation, maternal knowledge of child rearing and maternal depression (17). Interestingly, the benefits were larger and more extensive than found in previous studies in Bangladesh possibly because the pair/group format provided social support and the health providers were better educated and more credible than previous home visitors.




DISCUSSION

In this brief research report, we describe the process of adapting an early childhood parenting intervention with proven effectiveness in the Bangladeshi context for integration into the government health service including delivery by existing health staff. Adaptations were required to take into account differences in the delivery location (clinic vs. home), delivery agents used (health care staff vs. persons hired by the research team), and the intended reach (higher number of mothers reached per delivery agent) of the intervention. The adaptation process involved two rounds of piloting and during the piloting process we (1) measured mothers' attendance at the sessions, (2) incorporated feedback from the intended beneficiaries (mothers) and the delivery agents (health staff), and (3) documented enablers and barriers to implementation through ongoing observations of the research team. Adaptations were made to the content of the curriculum, the materials used, the process of delivery, and the engagement strategies used. The paper illustrates the importance of thorough piloting of all aspects of an intervention, when moving from smaller-scale implementation in an efficacy trial to large scale implementation through an existing service. The value of investing resources to iteratively field test an adapted intervention in the context in which it is to be implemented is demonstrated by the large and wide-ranging benefits to children and mothers who later participated in an effectiveness trial (17).

There are examples in the literature relating to (1) transporting evidence-based parenting interventions across countries (18–20), (2) developing interventions specific for the context (21–23), and (3) integrating interventions into government services (19, 24). There is less literature on adapting an early childhood parenting intervention, with proven effectiveness in the setting, for wide-scale dissemination by integrating it into existing services. However, there are some common issues across this literature on developing, adapting and integrating early childhood interventions in LMIC.

Firstly, attention to staff workload is important, especially when integrating into an existing service. Through the piloting process, we aimed to incorporate the additional responsibilities into staff's existing duties without reducing their effectiveness in other aspects of their role, and without leading to staff demotivation. Other early childhood parenting interventions have reported that staff workload is problematic leading to high staff turnover (18) and/or a reduction in the number and duration of planned sessions (24). We designed a clinic-based intervention to facilitate the integration of the programme into the health staff's existing duties. Through piloting, we determined the number of weekly sessions each health worker could feasibly conduct.

Secondly, it is important to develop a feasible and effective strategy for engaging participants in the intervention. We found the strategies that we had previously used to engage mothers in a home-visiting intervention, were less effective at engaging mothers in a clinic-based intervention. The lack of an incentive and family members discouraging attendance were the most frequent barriers to mothers' engagement. These barriers have also been reported in a recent study in Bangladesh (20). We tried two specific engagement strategies, giving cooking oil as an incentive for attendance and community motivational meetings to engage all family members. Both strategies were effective although giving oil proved difficult due to logistical problems. The importance of community sensitization to increase participant engagement in parenting programmes has been reported in other studies (19, 20).

Thirdly, it is important to ensure sessions are simple for staff to deliver and the messages and activities are easy for mothers to understand. We found the curricula manuals were too complex for the health staff to use during the sessions, particularly for the group sessions. Navigating through the different sections of the manual took their attention away from the mothers and children, leading to lower participation and interest. We therefore designed a laminated summary card for use during the session. Also, when many activities were introduced during the session, mothers were unable to recall the content. A simple, streamlined intervention with user-friendly manuals is recommended to maintain the interest and engagement of participants and to maximize the likelihood that the intervention will be delivered with fidelity (20). Reducing the complexity of the intervention to make it easier to deliver is also likely to lead to higher motivation among the health staff (25).

Fourthly, using active learning and evidence-based behavior change techniques (e.g., demonstration, practice, positive feedback, social support) are key characteristics of effective early childhood programmes (26, 27). Through the piloting process, we identified opportunities for improving the intervention content, materials, and process of delivery to ensure that these techniques were embedded into the intervention design. For example, we adapted the content to promote mothers' interaction with each other and to ensure the sessions were collaborative and participatory. We also revised the activities that involved group discussion to make them more practical and concrete by incorporating games, objects, and actions to maintain participants' engagement. Using hands-on, practical activities also ensured that the health staff dedicated sufficient time to these activities.

Fifthly, it is important to decide on the target population for the intervention as it may not be feasible to offer a parenting intervention for all families in need. For example, in Malawi, health staff were only able to reach 14.2% of eligible children, with an early childhood development intervention (19). We targeted undernourished children but even so, we were limited by the capacity of the health clinics and the programme was not suitable for mothers living far from the clinic. Alternative strategies are required to reach all young disadvantaged children and their families.

Finally, incorporating participant feedback including feedback from potential beneficiaries and from the delivery agents is an important part of the adaptation process (20–23), in addition to using observations from the research team during intervention implementation (23). To adapt interventions for a new context, we recommend the use of iterative rounds of piloting with ongoing improvement and refinements to the intervention to promote the acceptability, relevance and feasibility of the intervention for participants and implementers.
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Indian communities have the ancient cultural practice of gentle oil massage for infants which has been shown to play a beneficial role in neuro-motor development. The concept of incorporating nanosized liposomes of micronutrients (i.e., iron, folate, vitamin B12, and vitamin D) in the body oil leverages this practice for transdermal supplementation of essential micro-nutrients. This paper describes the experience of developing an intervention in the form of body oil containing nanosized liposomes of iron and micro-nutrients built on the social context of infant oil massage using a theory of change approach. The process of development of the intervention has been covered into stages such as design, decide and implement. The design phase describes how the idea of nanosized liposomal encapsulated micronutrient fortified (LMF) body oil was conceptualized and how its feasibility was assessed through initial formative work in the community. The decide phase describes steps involved while scaling up technology from laboratory to community level. The implementation phase describes processes while implementing the intervention of LMF oil in a community-based randomized controlled study. Overall, the theory of change approach helps to outline the various intermediate steps and challenges while translating novel technologies for transdermal nutrient fortification to community level. In our experience, adaptation in the technology for large scale up, formative work and pilot testing of innovation at community level were important processes that helped in shaping the innovation. Meticulous mapping of these processes and experiences can be a useful guide for translating similar innovations.

Keywords: causal pathway, theory of change, implementation science, translational, scale–up


INTRODUCTION

Globally, almost 50% of under-five children suffer from hidden hunger due to deficiencies in essential nutrients, with majority of these children being from developing countries (1). In India, 58.5% of children aged 6–59 months are anemic (2) and 72% of this proportion is attributed to iron deficiency (3). Deficiencies of iron, folate and vitamin B12 especially during early childhood have been linked with poor cognitive development in children (2–4). Vitamin D deficiency is found in 40–99% of the Indian population of all ages and may have adverse health effects due to its important role in skeletal and extra-skeletal formation (5). Despite the well-recognized benefits of micronutrient supplementation interventions, the benefits of conventional oral supplements have been suboptimal due to poor adherence and concerns about safety and adverse effects (6). There is scope for development of innovative techniques for supplementation of these essential micronutrients.

This paper describes the journey of developing an innovative intervention for prevention of micronutrient deficiencies in children. The intervention involved use of a nanotechnology platform in the form of nanosized liposomes for fortification of body oil which is traditionally used for body massage in Indian infants. The intervention of nanosized liposomal encapsulated micronutrient fortified body oil (LMF body oil) was developed as part of a proof of concept randomized controlled study conducted among rural Indian infants to evaluate the effects of such an intervention on micronutrient deficiencies and neurodevelopmental outcomes.

In order to develop a complex intervention for healthcare delivery, it is important to understand the social context, acceptability and final sustainability which may have a significant effect on the outcomes (7, 8). Development of complex social interventions for mitigating health problems in a project mode or at health policy level essentially involves iterative intermediate steps for conceptualization, designing or monitoring and evaluation of the intervention (8). A Theory of Change (ToC) approach explains how different activities are understood to produce a series of results that contribute to achieving the final intended impacts (7). It is empirically tested by measuring indicators for every expected step along the hypothesized causal pathway to impact. The pathway is developed in collaboration with stakeholders and is modified in the process of development and evaluation through a process of reflection to explore the changes that happened during actual implementation (8).

Using the ToC approach, we describe various steps in the process of development and implementation of the intervention: (i) design (the construction of an intervention); (ii) decide (the decision making processes while developing the intervention); (iii) implement and monitor (covers all steps of practical implementation, tracking progress and allocation of supervision).



METHODS

The intervention of LMF body oil was developed and implemented for a proof of concept community-based clinical study in rural Indian children. This was double-blind placebo controlled randomized study in 444 infants to evaluate whether use of this intervention during 1st year of life can improve nutritional anemia and neuromotor development. The intervention of LMF oil was developed by researchers at Indian Institute of Technology Bombay (IITB), Mumbai, India and the study was implemented at in population of 22 villages of Vadu health and demographic surveillance (Vadu HDSS) (9) by researchers from Vadu Rural Health Program, KEM Hospital Research Centre (KEMHRC), Pune, India.

The causal pathway for ToC was developed through discussion with stakeholders involved in the development and implementation of the intervention. The initial pathway was presented in a workshop on “Effective Delivery of Integrated Interventions in Early Childhood” organized by Saving Brains Learning Platform, amongst other peer groups of various projects and was modified through feedback from peers and reviewers. The final pathway was developed after iterative inputs from the key stakeholders involved in the study i.e., investigators from partner institutes and implementers of the intervention. As this was a proof of concept project, the pathway focusses on the design, decide and implementation part of the process and does not largely cover monitoring and evaluation part of the ToC cycle. The pathway was developed through backward mapping of the activities that led to certain evidence-based decisions and changes in the work plan.



RESULTS

Figure 1 displays the causal pathway developed for the project using the ToC approach. Decisions for finalizing processes during each stage of the project were taken through meetings with study staff and collaborators. The pathway also shows inputs from collaborating institutes at various phases of innovation. The results section describes how ToC applies to each phase of the innovation.


[image: Figure 1]
FIGURE 1. Causal pathway depicting theory of change approach for nanosized liposomal encapsulated micronutrient fortified body oil project. LMF body oil, Nanosized liposomal micronutrient fortified body oil; CRC, clinical research coordinator; PM, project manager; FRA, field research assistant; SOP, standard operating procedures; Eu GMP, European Good Manufacturing Practices; RCT, randomized controlled study; KEMHRC, King Edward Memorial Hospital Research Centre; IITB, Indian Institute of Technology Bombay.



Intervention Design
 
Cultural Context for Infant Oil Massage

Newborn oil massage is an ancient cultural practice in South Asian countries with some reported health benefits (10, 11). The available literature suggests that traditional oil massage is practiced among 80–90% of infants in South Asia, irrespective of the socioeconomic status or place of residence, and is initiated within a few days after birth. The most common perceived benefits of infant oil massage in the community include promotion of strength and health and maintenance of warmth (11, 12). Further, there is recent evidence about benefits of using emollients in newborns especially preterm for improving weight gain, reducing the risk of infection and associated mortality (13, 14).



Nanotechnology for Transdermal Delivery of Micronutrients

Nanoparticles are particles of 1–100 nm in size which exhibit unique properties due to the increase in the surface area to volume ratio of the nanoparticles (15). Liposomes are a type of nanoparticles that are spherical phospholipid based bilayers that self-assemble to entrap a hydrophilic medium in its core. They resemble the cell membranes in composition and can be used to co-entrap both hydrophilic and hydrophobic agents and have been extensively used in drug delivery. Suitably designed liposomes can potentially fluidize the stratum corneum by interacting with the ceramide rich lipid layer of the stratum corneum and penetrate through the intact skin and also along the hair follicles and sweat glands (16). The technology for transdermal delivery of nutrients using fluidizing phospholipid based liposomes has been developed by Banerjee et al. from Nanomedicine laboratory, Department of Biosciences and Bioengineering, IITB, Mumbai, India and has been patented (17). The technology has demonstrated safety and efficacy in in vitro and in vivo animal models for transdermal delivery of nutrients at supplemental doses (18). The technology has also demonstrated no irritation potential during irritation patch testing in healthy human volunteers (19).



Concept of Nanosized Liposomal Encapsulated Micronutrient Fortified Body Oil

LMF body oil is a body oil fortified with liposomes of nutrients (iron, folate, vitamin B12, and vitamin D) that can penetrate through the intact skin while massaging with the fortified body oil. This concept of LMF body oil emerged through initial meetings amongst scientists from KEMHRC and IITB. It was perceived that as the concept was based on the traditional practice of infant oil massage, it was likely to receive greater compliance and acceptability in the Indian community and can potentially overcome barriers associated with non-compliance to oral micronutrient supplementation (Figure 1, see Rationale-a). It was assumed at this stage that the technology would be feasible to scale up, tolerable and efficacious in transdermal delivery (Figure 1, see Assumption-A).

A proposal was developed through collaboration of the two research groups from two institutes (KEMHRC and IITB) for proof of concept evaluation of LMF body oil in a community-based project for improvement in neurodevelopment, prevention of iron deficiency anemia and vitamin D deficiency in rural Indian children. This was an interdisciplinary collaboration between technology scientists and medical as well as public health scientists. The proposal received funding from Saving Brains Platform of Grand Challenges Canada (20).



Formative Study to Assess the Practices of Infant Oil Massage in the Given Community

Before implementation of the study, a formative study was conducted in the study area for the community-based clinical trial (21). This was a questionnaire survey conducted amongst 201 households in the study area having infants below 2 years of age (Figure 1, see indicator (i)). The households were identified through line-listing of households using available data from Vadu HDSS. The objective of the study was to understand the local practices of infant massage and feasibility of implementing the study.

The caregivers in the household were asked by field research assistants about whether they practiced oil massage for their infants, age of onset for oil massage, till what age was the massage practiced, frequency of massage, choice of oil and perceived benefits of oil massage. The survey results supported the available evidence on oil massage as more than 90% of the caregivers practiced oil massage for their infants, believed that it was useful and also showed willingness to switch to a new oil formulation if that contained micronutrients. Majority of the households (about 65%) used marketed oils for massage. In all the households, infants were massaged in the morning before bathing. In 85% households, massage was initiated within the first 2 weeks after birth and in 94% households the massage was continued up to at least 9 months of age. This information demonstrated feasibility for implementation of study oil massage throughout the 1st year of life, especially in the second half of infancy when the prevalence of nutritional deficiencies rises.




Decide
 
Finalizing Composition of LMF Body Oil

The composition of LMF body oil was finalized through review of literature and discussion with subject experts. The composition was devised taking into consideration the physiological requirements of the micronutrients with reference to the available national nutritional guidelines such that doses of none of the nutrients exceed 100% dietary requirement for the given age (21).

The physiological requirements of iron extensively rise after initial 6 months of life, whereas the iron requirements are minimal in the first 6 months due to redistribution of iron from fetal hemoglobin and supply of highly bioavailable iron through breastmilk (22). Physiological requirements for other nutrients i.e., folate, B12, and vitamin D remain similar during 1st year of life (21, 23, 24). With this, it was decided to formulate two compositions for oil (Figure 1 see Rationale-c), one for first 6 months and the other from 6–12 months with increased amount of encapsulated iron as compared to the initial strength (Supplementary Table 1).

Results from the formative study indicated that the local community was not in practice of using any particular natural oil, as majority of households used some form of marketed body oil. Based on review of literature regarding the choice of oil for infant massage, it was decided to use sunflower seed oil as this is a rich source of essential fatty acids and has demonstrated benefits in reducing morbidity and mortality in preterm newborns (25).



Revisiting the Volume of Oil and Time of Oil Massage

The regular practice of oil massage in the local community involved massaging infants in the morning, although some households practiced massaging at bedtime as well. The formative study demonstrated that the infants were bathed soon after this massage. It was felt that this practice may not provide adequate time for absorption of the liposomes due to wash off during bathing. Hence, we planned to implement the LMF body oil massage intervention at night before bedtime (Figure 1 see Assumption-B). This would provide night hours for absorption through skin and body massage at bedtime could potentially help the babies get sound sleep at night (26).

The LMF body oil was planned to be used throughout 1st year of life, during which the baby grows in size and body surface area changes which can lead to change in the volume of oil used for body massage. Also, there may be variability in the volume of oil used by each caregiver for a given size of a baby. It was important to finalize and fix the unit volume of oil to be used daily which would deliver the required dose of nutrients. A pilot study was carried out in 10 infants of various ages which demonstrated that sunflower seed oil in the volume of 2.5 mL was adequate to massage torso and extremities in first 6 months and was just adequate to massage extremities in the 6–12 month old babies (Figure 1 see Intervention-4). Thus, unit volume of 2.5 mL was decided for daily application in infants. There was also evidence from earlier literature that instillation of oil drops into nostrils may be associated with lipoid pneumonia (27). Hence, a decision was taken to only massage torso and extremities without applying oil to face and scalp.



Scaling Up Technology for Large Scale Manufacture of LMF Body Oil

The patented nanotechnology for preparation of micronutrient nanoparticles was available at laboratory scale and used organic solvents (methanol) for preparation of the liposomes. Additionally, the technique used (thin film hydration) was difficult to scale up for large scale manufacturing (28, 29). We therefore switched to a green technique of making liposomes using an organic solvent-free process using high speed homogenizers and the process was optimized to manufacture liposomes at large scale (Figure 1 see Rationale-b) (30). This technique was optimized and standardized inhouse. Various industry partners were approached for contract manufacturing and a EuGMP compliant service provider was identified for large scale production of the LMF body oil (Figure 1 see Indicator-iv). The technology was licensed to KEM Hospital Research Centre Vadu for non-commercial use and to Murli Krishna Pharmaceuticals Ltd. for manufacturing and commercialization.

The storage stability of the LMF body oil was also evaluated. Suitable packaging was used for providing monthly supply of LMF with instructions for storage away from light and heat. Calibrated cups were provided for measurement of accurate volumes of LMF. As the oil was to be used for a double blind randomized controlled study, test and placebo oils as well as low and high strengths of the oil were color-coded without disclosing the composition.



Tolerability of LMF Body Oil in Volunteers and Babies

We decided to evaluate the tolerability of LMF body oil in healthy adults and subsequently in healthy children before proceeding with the randomized controlled study in infants to rule out any irritation potential of the LMF body oils. The need for conducting these studies was perceived after discussion with subject experts as there is some earlier evidence on role of iron in oxidative stress in skin tissue (31) and further the approach of nanosized liposomes were an innovative platform for transdermal nutrient delivery (Figure 1 see Intervention-6). The studies were conducted after obtaining permission from institutional ethics committee and involved detailed written informed consent of study participants aged 18 yrs and above as well as from the parents of children who participated in the study. There was equal distribution of males and females while recruitment.

The first study was conducted in 26 healthy adult volunteers using single application of closed patch test (containing the product) under occlusion for 24 h. Subsequently, tolerability studies were conducted in 15 healthy adults and 15 healthy children aged 8–24 months where predefined quantity of highest strength of the LMF body oil was applied locally on the extremities for 15 days. In all the above studies, skin erythema and dryness were measured before and after the study using Draize score (32). The highest strength of the formulation did not show any irritation potential in any of the above studies (Supplementary Table 2).



Acceptability Studies

Before proceeding for the use of randomized controlled study, acceptability of using LMF body oil was assessed amongst the participants of the two tolerability studies. Acceptability of the oil was assessed for its appearance, texture, fragrance, ease of use and overall evaluation using visual analog scale of 0 to 5 where 0 indicates poor acceptability and 5 indicates best acceptability (Figure 1 see Intervention-5). The median score for all the categories were three or four with none of the observations were <2. This showed that the LMF body oil had good acceptability in view of the caregivers.




Implement and Monitor

The community-based study consisted of administration of LMF body oil and a placebo oil to 222 infants respectively starting from age of 4–7 weeks till completion of 12 months. The implementation at the manufacturer level involved manufacturing of about 500 liters of oil including both test and placebo oil following the good manufacturing practices. At field level, a team of field research assistants, clinical coordinators, laboratory coordinator and project manager were hired and trained for the study protocol. Study documents including case record forms, participant information sheet, informed consent forms, logs for study activities and compliance cards were developed by the implementation team. The study team was trained for completing all the study activities as per the decided timeline.

During implementation of the project, the caregivers were trained about massage with LMF body oil at baseline visit in the study clinic. The field research assistants were trained to supply oil bottles on a monthly basis and monitor the intervention through fortnightly visits as well as through use of compliance cards. Additionally, during implementation, we found that checking the quantity of unused oil was a good measure of compliance. For non-compliant households, despite regular follow up by field research assistants, additional visits and counseling by a senior project staff were required and was found to facilitate compliance in majority of the households.



Challenges Encountered

There were certain challenges encountered during the various phases of work. The laboratory technique available for preparation of nano-encapsulated liposomal micronutrients needed to be changed and a green technique needed to be developed and optimized for further scale up. Identification of the service provider for scaling up an innovative technology was a challenging task. Transdermal supplementation of nutrients is an innovative mode of delivery. Although technology has been tested in preclinical and clinical studies for efficacy and tolerability, exact proportion of absorption of encapsulated nutrients through pediatric skin is not known. Lastly, there were various challenges during implementation which have been depicted in Table 1. Community engagement of pregnant women for study participation, counseling of family members by study team for maintaining good compliance and use of compliance cards were measures taken to mitigate these challenges.


Table 1. Challenges encountered during project implementation.

[image: Table 1]




DISCUSSION

The intervention of a body oil that contains nanosized liposomes of micronutrients is a completely innovative intervention that was developed from laboratory-based technology to a proof-of-concept community level project. Transdermal iron replenishment using biophysical techniques such as microneedle patches and iontophoresis in in vivo animal models of anemia has been reported in the literature (33–35). However, no clinical studies have been reported in published literature. Scalability and costs involved due to additional infrastructure for external application of current scale limit its translation. Transdermal vitamin D supplementation using topical skin cream has been demonstrated in a pilot study in medical students (36). There is no published literature on transdermal supplementation of folate or vitamin B12 in clinical studies. Our earlier studies have reported the proof of concept preclinical studies for delivery of folate trans-dermally through cosmetics (18). Thus, this was one of the first attempts to develop and scale up a technology-based intervention for transdermal supplementation of multiple micronutrients through a body oil platform. Presently, the randomized controlled study has been completed with demonstrated improvement in micronutrient deficiency levels.

During development and implementation of LMF body oil, various aspects of the intervention needed to be addressed. These included feasibility of scaling up the intervention and implementing it, assessing acceptability by the local population and overall safety of the innovative intervention as well as developing measures to improve compliance to the intervention. This being a complex health intervention, lack of effect can be due to failure of implementation rather than genuine ineffectiveness (37). Hence, the process evaluation was necessary to understand the various links in the causal chain.

Our experience of using a causal pathway for ToC for development and implementation of LMF oil has several learnings (Table 2). The causal pathway shows that research ideas may be based on certain assumptions, but the assumptions need to be pilot tested while implementing. The outcomes which emerged during these intermediate steps have changed the directions of research and have modified the design of the innovation. The causal pathway also informed about importance of formative research work while developing and implementing a complex social innovation.


Table 2. Learnings while development of nanosized liposomal encapsulated micronutrient fortified body oil.
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While developing the innovation through the collaboration of scientists from technology and public health domains, the causal pathway helped to map steps where collaborative inputs from all stakeholders were useful in scaling up and evaluation (Figure 1). This also provides a useful example of how intermediate outcomes need to be assessed and how to overcome challenges that can be encountered during translation of technologies from laboratory scale to community level.

One of the limitations while developing this causal pathway was that it was developed retrospectively. Secondly, although the initial design and decide phase of the work was not dependent upon the external funding, it was carried out only after funding for the proof of concept study was available, thus leaving less time to carry out certain study related activities. Despite the limitations, the ToC approach for this project describes how a technology innovation can be based on a traditional practice and can be translated into a viable public health intervention.

In future, we plan to mechanistically evaluate the transdermal penetration of each ingredient of the oil through ex vivo studies and studies in human volunteers and also evaluate the efficacy of LMF oil in anemic children. We plan to scale up the manufacturing of LMF oil for larger public health use through transition to scale programs which will include monitoring and evaluation part of ToC cycle.



CONCLUSION

Use of the causal pathway helped to clearly understand the intermediate steps taken and barriers faced during development of an innovation for transdermal delivery of nutrients, leveraging a traditional practice and its pilot implementation at community level. In our experience, adaptation in the technology for large scale up, formative work and pilot testing of innovation at community level were important processes that helped in shaping the innovation. Meticulous mapping of these processes and experiences can be a useful guide for translating similar innovations.
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The growth of the randomized controlled trial (RCT) as the “gold standard” for evaluation has justly been praised as an advance in the professionalization of social programs and projects, an “adoption of science” - in the words of the Lancet. None the less, the emphasis on the RCT biases funding for projects that distribute private goods and which focus on “low hanging fruit” in health, nutrition, and sanitation, simply because those areas lend themselves to the sort of measurement that works with RCTs. As a result, many project developers in the government and NGO sectors lament that a hegemonic focus on RCTs impedes creativity or new models that challenge traditional paradigms. This case study of CanalCanoa, a community video coaching project for indigenous parents of young children in the Rio Negro region of the Amazon Basin, offers techniques to measure for innovation. Instead of developing a new RCT for an extremely diverse population (27 ethnic groups) where traditional childcare methods are in historical flux because of urbanization, CanalCanoa measured variables shown by previous RCTs to be causally connected with positive development results. By researching the impact of the intervention on nutrition, language (multilingualism, use of traditional songs and stories), and social network expansion, CanalCanoa measured upstream indicators, thus mixing scientific rigor with an opportunity for innovation and providing important insight and reform of a theory of change.
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INTRODUCTION

Indigenous children of the Amazon enjoy a wealth of resources for their intellectual, physical, and social development: the liberty to explore the jungle and experience science-as-curiosity, the joy of collective play, the chance to learn side by side with parents as they paddle, hunt, and garden (1). Neuroscientific studies show these elements as essential to brain development in early childhood. At the same time, provision of services is extremely difficult in a region where parents living in villages must paddle as many as 15 days in order to reach a hospital or pharmacy and the impact of the modern world has made material conditions extremely difficult. Local political leaders, knowing that their funding from the federal government depends upon improvements in health statistics, threaten retaliation and even death to nurses and doctors who report accurate data. For this reason, we see wild fluctuations in data, with child mortality at 15 one year and 150 the next: without objective data, project planning and evaluation are almost impossible (2).

Innovation in service delivery is essential to addressing the diversity and complexity of needs of 27 ethnic groups speaking 22 different languages. However, small sample sizes, extraordinary difficulty of access, and the lack of accepted, standardized metrics for impact results challenge the capacity to prove any concept intervention though a randomized, controlled trial. With CanalCanoa1, indigenous people document their songs, stories, and childrearing practices on digital media and then a team of indigenous educators showed the resulting films to dozens of small groups, to stimulate discussion, reflection, and cultural action for early childhood. In order to evaluate the impact of this initiative, we decided to “look upstream,” both physically and metaphorically, using the way local people think about the flow of water to develop and evaluate project results. CanalCanoa looked upstream toward the traditional villages above the town of São Gabriel in Brazil to help indigenous people to document their songs, stories, and childrearing practices in some 53 movies; a team of indigenous educators then showed the resulting films to more than 30 groups of 10–25 parents as a way to stimulate discussion, reflection, and cultural action for early childhood.

The evaluation system also “looks upstream”: instead of directly measuring impact on children, CanalCanoa measured variables – intermediate outcomes in parlance of RCTs – shown by previous RCTs to be causally connected with positive development results. In this way, the evidence collected through the process of the project could become part of a feedback loop to address specific issues; project adaptations could be informed by evidence in dialogue with previous research. By researching the impact of the intervention on nutrition practices, language use (multilingualism, use of traditional songs and stories), and social network expansion, CanalCanoa measured upstream indicators, thus mixing scientific rigor with an opportunity to test real innovation.



THE CHALLENGES OF THE RCT

Over the last decades, the randomized controlled trial (RCT) has come to occupy a central role in the development and funding of interventions in many areas of health and social services. Comparing before and after the year 2000, we see a 30-fold increase in the production of RCTs (3). “The World Bank's Independent Evaluation Group reports that over 80% of the [evaluations] starting in 2007–10 used randomization, as compared to 57% in 2005–06 and only 19% in prior years”. This growth, which led to the awarding of the 2019 Nobel Prize in economics to the “randomistas” Abhijit Banerjee, Esther Duflo, and Michael Kremer for their experimental approach to alleviating global poverty, solidified this model as the “gold standard” in development economics. Without a doubt, this movement has added important scientific rigor and improved effectiveness of many social projects.

In spite of this positive impact, critics have pointed to several important negative impacts of the hierarchy of evaluation that puts RCTs at the top.

“Randomization tends to be better suited to relatively simple programs, with clearly identified participants and non-participants, relatively short time horizons, and with little scope for the costs or benefits to spillover to the group of non-participants. In short, the tool is better suited to private goods, which are easy to assign across individual households, but are less able to handle public goods with benefits shared across many people.” 2.

The methodological debate in other scientific literature can offer interesting insights into the strengths and weaknesses of the RCT. Volpp et al. have compared innovation in medical research to what happens in software development and technology; examining various meta-analyses of development in both areas, they showed that the RCT model is “best suited for incremental innovations in low uncertainty environments.” [(4), p 4, see also (5)] When the basic intervention paradigm has been established, RCT evaluations can fine tune and perfect the model in useful ways; they can also measure the effects of different well-established models. RCTs do not work as well, however, when the goal is a radical transformation of a model or adaptation to a completely new context.

The context of the Upper Rio Negro plays against the ways that RCTs work best: first, diversity begets diverse responses. People in the region speak 22 different languages. Though many riverine communities share similar ideas of childhood and health, Yanomamis and Nadehups see pregnancy, childbirth, and child development in a radically different way from their indigenous peers. Families may live a hunter-gather lifestyle, one based on fishing and subsistence farming, or in urban slums. The needs of children and families in all of these groups demand a complex and flexible intervention, exactly the kind that RCTs find it difficult to measure. Secondly, just as the small rivers that support remote villages flow into the huge Rio Negro, the close-knit social networks that define indigenous life mean that project benefits will spill over into any control group within the same ethnic group: families share ideas, childcare, and even goods that might seem private. This spillover makes randomization impossible and a control group non-existent. In the heterogeneous context of the upper Rio Negro, an intervention must be flexible to respond to many different needs and demands—and the system of evaluation must also have that flexibility.

At various conferences in which we have participated over the last several years, conversations between academics and program designers have turned to the topic of innovation. Though respecting the need for rigorous evaluations—and grateful for the insights that RCTs provide in this field—we have heard complaints that this model can be a straight-jacket, limiting innovation and creativity. Program designers simply foreclose certain options before they even could come to light, because they understand that such a model would be difficult or impossible to evaluate with an RCT. Though we have been unable to find published articles analyzing this problem, the universality of the complaint among practitioners and even academic experts suggests that the concern is wide-spread. In fact, part of the motivation for this article came from an American academic who asked, wide-eyed, “How did they even convince a funder to look at something as radically different as CanalCanoa?”

Though local leaders and intellectuals may not understand the details of randomization, they strongly critique the interventions used by the Brazilian government. As one Baniwa leader told us, “A 4 year old here can climb a 15 m tall açaí palm, swim across the river, paddle a canoe, distinguish 10 types of manioc, and probably speak four languages. And some bureaucrat from Brasília thinks he can tell me how to define a healthy kid?” Who, then, has the right to establish the metrics and milestones for childhood development?

Perhaps even more significant, indigenous philosophy on the Amazon believes it deeply unethical to see anything else as an object. For them, every other (even trees and rocks and animals) has its own perspective, its wants and desires. Indigenous epistemology does not try to objectively understand the other, but to see through the eyes of the other (6), revealing a world of knowledge that would have been foreclosed by a rigid, randomized controlled trial. CanalCanoa attempted to integrate this epistemology, open to the unexpected and to the productive force of errors and mistakes, in addition to the scientific rigor of contemporary evaluations.



CANALCANOA: UP THE RIVER

Staring in 2012, in collaboration with indigenous leaders, midwives, shamans, educators, and public policy professionals, the CanalCanoa team first scripted and then filmed hundreds of hours of interviews and supporting images, showing and explaining traditional child-rearing practices of indigenous groups on the upper Rio Negro. Though oriented by the questions of the contemporary science of early childhood development, the seven films that emerged from this cinematic research follow the logic established by these local experts. The project emerged from the basic premise that indigenous communities in the Amazon have excellent and time-tested practices of child development, already adapted for the extreme context of the jungle. Instead of imposing western methods of child development, CanalCanoa proposed to support parents as they reflect on and adapt these traditional techniques to the exigencies of modernity. The idea of “video-coaching” (7) has gained important currency in some childhood development circles as a way to create positive feedback loops for parents: CanalCanoa serves as a kind of cultural video coaching, in which larger communities and ethnic groups can look at themselves in the mirror of the camera and movie screen to evaluate and adapt their own child-rearing.

CanalCanoa originally planned to form 20 neighborhood groups of 10 families each in urban neighborhoods of São Gabriel and in the semi-rural villages that surround it; after 12 months of work, however, additional community groups began to request participation in the project, expanding in the intervention to more than 40 organizations and villages in the region. Each group participated in the same series of workshops, generally seven 2-h sessions over 2 months, though community schedules demanded some flexibility. CanalCanoa educators, a team of five local indigenous intellectuals from the largest ethnic groups in the region (Tukano, Tariano, Desana, Baniwa, and Baré), organized the sessions and served as popular educators and discussion leaders. The ajuris de conhecimento (roughly “Knowledge Barn-raising sessions”)3 were held in homes, community centers, or malocas (great-houses), and as participants arrived, they watched a series of shorts made by indigenous children with CanalCanoa — cartoons based on local legends and stories, documentaries showing how to make toys, how to prepare açaí or tapioca, or how to make different arts and crafts. After the group had gathered, everyone watched one of seven films, shown in seven consecutive sessions, on early childhood development, and then spent more than an hour discussing the ideas and images and relating it to their own lives. Though the word “intervention” is more commonly used in the literature, the project really created a space for interactions, re-closing feedback loops (between parent and child, between parents and extended family/community) that had been short circuited by urbanization and modernization. The ajuris were also themselves part of the research and evaluation protocol, because participants suggested new themes to include in the films, suggested other experts to interview, and evaluated the changes in their own lives as they occurred. The project quickly adapted to these new inputs.

The workshops followed the logic of traditional indigenous festivals, taking some elements from the dabucuri — a traditional ritual in the region that formalizes the exchange of goods and ideas with new visitors and other cultures (8) — while using aspects from other social encounters as well. The popular educators organized traditional meals for all participants — generally mujeca or quinhampira (peppery fish stews), açaí with farinha or tapioca, or other local foods — to take advantage of the comensality that both anthropologists and local leaders cite as so important in the region (9). This dialogue over the meal and after the film emerged from Paulo Freire's ideas of popular education (10): they are not didactic, but dialogic, intending to evoke the knowledge of the participants and not to impose new learning.

In the cultures of the Rio Negro, small children accompany their parents everywhere, and these workshops were not different. During the meal and the event, children interacted with their parents, siblings, and other adults in diverse ways, and these interactions served as a resource for the discussions. Local experts — midwives, various types of shamans, community health agents, teachers, elders, community leaders — also participated in each workshop, with an enthusiasm beyond what planners has expected. Their presence not only offered depth to the discussion, it also served as a seed for extending these ideas and practices in even larger social networks.

In the language developed by the Measurement for Change initiative, the entire intervention was inclusive: the community contributed to the development of the project, benefited directly from learnings, decided on indicators, provided data, and in the end had access to all elements of the data and conclusions. Some 1,186 adults and 1,148 children participated in the project, with an additional 44,000 indirect beneficiaries through network effects, shared films, and cultural impact. This research emerges from semi-structured interviews with participants in 28 of the 294 Ajuris de Conhecimento; in some cases, we spoke with individuals who had participated, but other times the whole community requested to be part of the evaluation. Because of the community orientation of the culture of the Upper Rio Negro, we quantified changes by group, and not by individual.



DISCUSSION OF UPSTREAM INDICATORS

Though CanalCanoa proposed to promote early childhood development in the communities of the upper Rio Negro, it did not have access to the advanced brain scanning devices that could show direct changes in cerebral development. In addition, there is little previous research to provide a baseline for “normal” childhood development in the region, other studies have shown the regular falsification of official data (2), and the tightly interconnected social networks make spillover from the intervention inevitable.

Taking these challenges into consideration, CanalCanoa focused its evaluation efforts on identifying and measuring locally meaningful upstream indicators known to be associated with better results in early childhood development:

1) Intellectual stimulation through language, song, and contact with diverse natural and cultural environments,

2) Appropriate, diverse nutrition and access to health care,

3) Supportive relationships with adults and older children that reduce toxic stress. [(11), pp. 10–18].


Linguistic and Cognitive Development

Programs working with small children generally test cognition through written, drawn, or oral assessments, but many observers have criticized these methods as biased toward children from western, industrialized cultures, with high levels of formal education [(12, 13), among many others]. During the research to develop the CanalCanoa model, parents and local experts along the Rio Negro commented many times that school psychologists or social workers would evaluate their children using tools developed for urban, non-indigenous children. “They showed a traffic light and asked my boy which color meant stop. How is he possibly supposed to know that?” one mother commented.

The upper Rio Negro enjoys extraordinary linguistic wealth, with 27 ethnic groups speaking 22 different languages (14) divided into several different language families: Tukano, Aruwak, Nadehup (Maku), Yanomami5, and Tupi-Guarani. Kinship rules of the riverine groups [Tukano, Aruwak, and some Baré (who are ethnically Arawak but who speak Nheengatu, a form of Tupi-Guarani)] demand intermarriage with groups that speak a language different from one's own mother tongue. As a result, children traditionally would grow up with mothers and fathers who spoke different languages, enabling them to speak at least two, and often four or five, languages. This linguistic context is immensely important for neurological development:

Growing evidence shows that early bilingualism can provide children with benefits that go beyond knowing more than one language. Research has shown for some time that bilingual children typically develop certain types of cognitive flexibility and metalinguistic awareness earlier and better than their monolingual peers (15–18)6.

Baniwa and Tukano parents are particularly proud of their children's capacity to control impulses and to govern themselves; interestingly, studies have also shown than bilingualism improves executive function in early childhood development (19, 20). However, as families move from villages into the city — and as village children integrate into the school system — Portuguese has become the dominant (and sometimes only) language. Among children and teenagers who grew up in the urban and semi-rural areas of São Gabriel da Cachoeira, today few speak native languages — though many continue to understand them.

Participants in the ajuris de conhecimento report a large impact on language acquisition and linguistic development. Ninety one percent of interviewed participants report that they changed the way they interacted linguistically with their children or grandchildren after the ajuris. In 77% of the ajuris, participants (or, in the case of communities, the whole village) began to speak more with their small children in native languages. In 55% of the groups, participants began to tell more stories to their children after the ajuris, and in 36% of the groups, parents and grandparents sang more to their children. It is also notable that after many of the ajuris, older children began to sing and tell stories to babies and request that parents tell stories to them and their younger siblings.

Without developing new cognitive tests or using brain-scanning equipment inaccessible in the region, measurement of multi-lingual education and of the use of songs and stories serves as useful stand-in for intellectual development among indigenous children. The upstream indicator supplied scientific rigor while at the same time allowing for innovation in project development.



Nutrition and Physical Development

Physical development over the course of childhood was an area where local traditions and government measurement did not see eye to eye. While official milestones of growth track weight and height against age, local experts insisted on radically different metrics to evaluate if a child was growing up well7. For them, being able to climb a tree or swim in the river was much more important than height or weight, and they preferred to evaluate with the general happiness and well-being of babies and children. Indigenous experts evaluate activity, not the static body. Government health professionals also recognize that healthy indigenous children can stray far from the national average, due to both genetic and environmental factors8 Baniwa and Hup'dah children are simply smaller than their peers São Paulo or Rio de Janeiro; to be small and strong is essential to survival and success in the environment in which they live.

Instead of developing new standards and norms to measure physical development in each indigenous group, CanalCanoa decided to evaluate results based on several local metrics, on the way that parents learned to create a therapeutic itinerary in an urban context, and at how parents of young children feed their children. In this paper we look particularly at nutrition, because both local and national intellectuals agree on definitions of healthy food.

Indigenous people living in the town of São Gabriel da Cachoeira have moved very quickly from a subsistence to a cash economy. As children, they lived in widely distributed villages along the river, where there were plenty of fish for the regional population and where fields for manioc were available — if difficult to cut from the jungle. In town, they have access to cash from work and from the bolsa família welfare benefit, but the river near São Gabriel simply cannot provide fish for the whole population of the town, and land for farming is bought and sold at a price far above that what a recent migrant from the jungle can pay. In these circumstances, many families in São Gabriel make the same economic calculations as poor people the world over: how can they get the most calories per dollar? In the best of cases, they chose rice, beans, and frozen chicken, all shipped up the river from Belém or Manaus. Sadly, some families are left to choose the local version of chips, Cheetos, soda pop, and other forms of junk food. Both during the ajuris and in interviews that preceded and followed them, mothers and fathers explained that they would prefer a healthier, more local and traditional alternative. They simply can't afford it.

The evaluation discovered that the ajuris served not so much to raise awareness of the need for healthy food, but as brainstorming sessions to find new food sources. In 42% of the urban ajuris, participants were inspired to plant food at home, using the small yards of urban houses as they had used the roças (manioc fields) in the countryside. The most common plantings were herbs, bananas, pineapple, manioc, and palm fruits like açaí, tucumã, and pupunha. In other cases, participants in the ajuris used the discussion sessions as opportunities for learning from and collaborating with other families: in one group, a mother with extra land in her roça outside the city offered it to other mothers; in another group, fathers decided to buy fertile eggs to raise their own chickens. In perhaps the most interesting case — an urban Baré community on the edge of the river — three fathers decided to return to fishing, a practice they had abandoned since coming to the city. We saw these changes in more than 50% of urban ajuris.

One story illustrates how this change functions: in the neighborhood of Fortaleza, one participant had an extensive urban garden. During the conversations after the film on nutrition, she explained how she planted, composted, and shared her fruits and vegetables. This experience motivated other women to do the same thing: almost all of the other participants in the group planted their own gardens after the ajuris. This anecdote allows us to see that it is not so much the film that inspired changes but the platform that the ajuris provide for successful mothers and grandmothers to share their techniques with others. The agent of social change in the process is not the educator, but the other participants.

By looking at upstream indicators of nutrition, CanalCanoa not only discovered that the intervention model improved the fundamental input for healthy physical development (diet), it also explained how the structure of the project encouraged urban indigenous women to teach and support each other. The model of evaluation validated and adapted the model, while at the same time elaborating the theory of change.



Social Networks to Support Babies

An extensive literature on early childhood development has shown two elements to be essential for healthy physical and mental growth: an extended social network to support babies and their mothers during the challenging first months of a baby's life [(11), p.10; (20–22)], and lowered levels of toxic stress in a baby's immediate environment (23–25).

“Excessive and/or prolonged activation of the stress response systems can disrupt the development of brain architecture and other developing organs. This cumulative toll increases the risk for stress-related disease and cognitive impairment, including heart disease, diabetes, substance abuse, and depression, well into the adult years. Research also indicates that supportive, responsive relationships with caring adults as early in life as possible can prevent or reverse the damaging effects of a toxic stress response” [(11), p. 14].

Sadly, the transition from village to town makes both of these issues difficult for indigenous parents of young children in São Gabriel. Migration breaks up social and kinship networks, while the filthy, loud, and unsafe environment of the slums of São Gabriel creates high levels of toxic stress for babies and young parents who do not have the tools to deal with it. The development or strengthening of social networks for early childhood in urban and semi-rural spaces was one of the most interesting results of CanalCanoa.

Every single interviewed participant cited improved social relations as one of the most important impacts of the ajuris. Older participants (grandparents, midwives, community leaders, shamans) affirmed that after seven sessions of conversation with young mothers and fathers — as well as, in some cases, adolescents who had not yet had children — they felt more respected: that their knowledge was valued and that young people saw them as important in the community. The youngest participants in the ajuris all cited the importance of learning to respect — and show respect — for their grandparents and parents. Sixty three percent of the interviews cited increased respect for the knowledge and persons of elders as an important result. Fifty nine percent of interviews cited more respect for and better dialogue with young people as a concrete outcome. As a consequence, children had better support networks to help them to resist and elaborate toxic stress, which can counterbalance this problem and build resilience for the future (26).

The strengthening of the social fabric that supports babies and their mothers illustrates several important issues around measurement for change or measurement for innovation. Original research plans did not include social network analysis, but at the end of conversations after the conclusions of the ajuris, both researchers and indigenous educators asked if there was anything else that the respondents wanted to mention. Without exception, interviewed participants spontaneously mentioned some form of social network strengthening as one of the most important results of the ajuris, especially the intergenerational issues mentioned above, but also increased trust for other ethnic groups and improved relations with neighbors in urban contexts.

Why were the films and ajuris so successful in strengthening social networks? In almost all of the traditional villages of the Rio Negro, communities begin the day with a community breakfast in the great-house (maloca). At 6 AM, everyone who lives in the villages brings xibé (manioc porridge), fruits, beiju (manioc tortillas), and soup made of fish, game, and peppers to the great house for a collective problem-solving session. The community plans collective work (cleaning, construction), discusses and votes on how to relate to actors outside the village (government, army, health care providers, the church, other villages, anthropologists), and mediates any conflicts in the community (land use, fishing rights, personal conflict).

When families move from the villages to towns like São Gabriel, they lose this tradition of the daily community meeting. Most move onto streets where they know few other people; cities have few traditions of collective labor; there are few or no malocas to host the meetings; and relations to government actors are now mediated through individuals or nuclear families, not through communities.

In hindsight, we could see that the ajuris de conhecimento stood in as un urban substitute for the community morning meeting, and that the tradition of this meeting imbued the ajuris with sense and purpose. In the maloca, people from the community came together to solve problems collectively, and the participants in the intervention framed the ajuris in the same way. Families faced problems in the city; in their conversations over quinhampira and açaí, they could work to solved these problems. Instead of placing the ajuris in the frame of education, the indigenous participants saw them as a productive, child- and woman- centered adaptation of the morning village meeting.

This reflection also points to the importance of local participation in project design. Indigenous intellectuals helped to structure and script the content of the films that catalyzed the ajuris, but they also collaborated to create the form of the intervention. During long discussions about how to implement the project, a Tukano intellectual and a Baniwa indigenous leader working with the CanalCanoa team repeated insisted on the social and community aspect of the work and suggested the name ajuri de conhecimento as the frame for CanalCanoa, instead of the more education-based nomenclature that others had suggested. As André Hipattairi Baniwa told us, “An ajuri is collective, and about effort and work, not simply reflection.” The indigenous leaders knew much better than an outsider what form of structure would match with the local world-view; what took us months of research and reflection to understand, they knew intuitively.

The strengthening of social networks also shows the importance of plowing evaluation results back into the intervention quickly. The community aspects of CanalCanoa were expensive and challenging for both logistical and accounting reasons. Supply and demand make both fish and açaí very expensive in São Gabriel, a constant complaint of immigrants from the villages. Urban kitchens are seldom prepared to serve the 30–50 people who would often come for an ajuri. And local fishermen, farmers, and cooks were not able to produce the formal, government-stamped receipts demanded by Brazilian accounting standards. For these reasons, project directors felt pressure to redirect resources. However, the results of the evaluation not only justified the investment, but also encouraged directors to budget even more resources for the community aspect of the intervention.

This result emerged spontaneously from open conversations with participants in the ajuris, because of the open-ended and qualitative elements of the evaluation, and because of the trust that participants felt in the indigenous group leaders and in the research team. Had the evaluation model been a rigid RCT, we would not have perceived this impact, because we did not even know the right questions to ask.

This reflection clarifies that the success of CanalCanoa depends on the fit between the intervention model and the local culture: for this reason, we should have serious doubts about scaling and replicability in cultures where community problem-solving meetings do not play such a central role. However, just as we saw that the form of the community problem-solving ajuri was as important as the content of the films that catalyzed the meetings, we can say that the practice of project design in collaboration with the local community is as important as the model that emerges from it. If there is a lesson from CanalCanoa for other projects wishing to innovate, it is not to copy the ajuri model, but to develop unique local models together with local intellectuals, harkening to their knowledge and intuition.



Conclusions of Analysis and Discussion

Organizers hypothesized that participation in the ajuris de conhecimento would increase knowledge of traditional indigenous practices and awareness of the importance of these practices for the development of their children. The impact extended far beyond this hypothesis, including not only better attitude and awareness but also concrete changes in practice for almost every group that participated. Research found that even before the beginning of the first session of the ajuri, parents and grandparents understood the importance of traditional nutrition and health care, valued language, story, and linguistic interaction, and knew that intergenerational care networks were important for children. The problem was not awareness, but the capacity to do what they thought right in the new context of the city. By looking at upstream indicators instead of administering a rigid RCT, the evaluation not only showed that CanalCanoa had been successful, but it explained why it had worked, clarifying the theory of change.

The feedback loop quickly plowed measurement and evaluation back into the intervention model. In this way, the program could adapt ecologically, emphasizing the areas that participants and local leaders found most effective and editing out less useful elements. This measurement for internal change directed attention to the social agency of the community and emphasized the films' role as a catalyst for local encounters where young parents could collaborate with other community members to solve problems and think through the challenges oof modernity. This evaluation teaches that future scaling or adaptation of CanalCanoa would have to use this catalyst function as the center of the intervention.




CONCLUSION

Ludwig Wittgenstein (27) insisted that philosophers made a mistake by looking for monocausal explanations for complex phenomena. Thinkers, he insisted, need a large toolbox. Experience and education then teach us which tool is appropriate for which task. Instead of conceiving of the randomized controlled trial as the “gold standard” of program development and evaluation, perhaps it is best to see it as one powerful tool among others.

Thomas Kuhn's analysis of scientific change (28) offers an interesting insight into this process. Kuhn famously argued that most of the time, scientific discovery advances in small steps, refining and perfecting the data inside a certain theory or paradigm. However, as new data stretch the paradigm, scientists must develop more and more exceptions to the theory, until finally some observers see the previous paradigm as contradictory or inviable. With this recognition, a new theory emerges and the data slide into the framework of that theory more easily than they did the previous. Kuhn famously defined this revolution as a paradigm shift.

We would argue that the RCT serves brilliantly to refine and perfect knowledge within a paradigm—in this case, a paradigm of service provision instead of scientific knowledge. It also can provide the details that will someday serve to shift that paradigm toward something else. However, this model of evaluation is not conducive to paradigm shifts; it is complementary and necessary, but not sufficient.

Though many project developers feel constrained by the RCT model, see it as foreclosing possibilities for interesting innovations before they can even be fully thought through, CanalCanoa shows that the scientific rigor of the RCT can open space for radical innovation. Because other scientific studies have shown a clear connection between bilingualism and cognitive development in many different contexts, because we know the relationship between nutrition and development, and because we understand how social networks combat toxic stress, not every project evaluation must prove exactly those hypotheses again and again.

Indigenous people on the Rio Negro explain that for some things, they need to look downstream, toward the knowledge and technology that comes from São Paulo or Europe; in other moments, they have to look (or travel) upstream to the more traditional villages where their ancestors lived for generations. We suggest a similar reflection for evaluations: in some moments, we need the rigor of an RCT to re-think and challenge our programs, but in other moments, we need to look upstream.
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FOOTNOTES

1CanalCanoa and this research paper were financed by Saving Brains, an international funding consortium for early childhood, with funds from Grand Challenges Canada and the Fundação Maria Cecília Souto Vidigal.

2Hammer's self-criticism details how this happens: “There seems to be an unholy alliance between self-serving politicians and us researchers. They want to give out private goods since the recipient knows to whom to be grateful. We want to give them out since we can more easily separate treatment from control. Neither is helping the economy work better for everyone.”

3Ajuri is a Nheengatu word meaning “collective effort.”

4In only one ajuri were participants were not interviewed: a group of Hup'dah schoolteachers who live two weeks upriver, but were in town for a training session and requested an ajuri from CanalCanoa; interviewing participants after their return upriver was not logistically feasible. The research also excludes data from Ajuris done in indigenous land in collaboration with the Pastoral da Criança.

5The Nadehup and Yanomami forms of childrearing differ dramatically from the other ethnic groups in the region, and were as such not included in the films. Work with each group would require a new set of reference films.

6see also (17)

7During the course of the project, CanalCanoa staff worked to elaborate development milestones based on local values and skills; though this work opened space for a critique of other evaluation systems, it would demand much more work to be a rigorous system of evaluation or to serve as metrics for a randomized, controlled trial. CanalCanoa originally planned to work with every ethnic group in the region; however, the coordinators soon discovered that the riverine peoples had dramatically different childrearing techniques from the jungle people (Yanomami and Nadehup); no single series of films could encompass that diversity. In the same way, one would need to establish development milestones for radically diverse groups.

8See particularly the interview with the vice-secretary of health for the city of São Gabriel, Juarez Silva, in the film “Primeira Infância Indígena: Políticas Pública,” developed as a part of CanalCanoa. https://vimeo.com/357015971.
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The last 15 years have seen an explosion of measurement tools for assessing the development of young children in low- and middle- income countries. This paper builds on and contributes to that literature by identifying a core set of caregiver-report items and a core set of direct assessment items that measure key developmental domains for children aged 4–6 (48–83 months) and that demonstrate adequate psychometric properties across diverse contexts, the first in this age group to the authors' knowledge. Data were harmonized from previous early childhood measurement efforts in 12 countries that all used the same base measurement tool. Data analyses yielded 20 caregiver report items and 84 child direct assessment items (grouped into 16 tasks) that show strong item-level statistics across countries and that cover the domains of early literacy, early numeracy, executive functioning, and social-emotional competencies. Next steps include adding data and items from other measurement tools to the same analytical framework and field testing across a number of contexts and early childhood measurement efforts. The vision is for the resulting core sets of items, along with guidance on data collection, management, and analysis, to serve as global public goods so that they can (i) present a starting point for linking across different early childhood measurement tools for children aged 4–6; (ii) increase quality across measurement efforts; and (iii) facilitate the scale up of early childhood measurement. When supplemented with items that capture local contexts and their measurement needs, these core sets of items should help to advance understanding of universal and context-specific factors that underlie child development and thus help policymakers make decisions that ensure children receive the quality early childhood care and education they need in order to reach their full potential.

Keywords: early childhood education, caregiver report, direct assessment, cross-cultural, psychometric, early literacy and numeracy skills, social-emotional competencies, executive function (EF)


INTRODUCTION

Evidence from a range of disciplines confirms that a child's earliest years are a critical time to invest in building human capital. The returns to investments in the early years are diverse and include: improved cognitive skills, reduced repetition and drop-out rates, and development of the social-emotional competencies needed to succeed in the workplace and in adulthood [for example, (1–6)]. In response to the overwhelming evidence of impact, unmet need, and growing demand for early childhood services, governments and international organizations are giving increasing priority to investments during children's early years. This increased prioritization has manifested itself most clearly in improved access to pre-primary education. Global enrollment in pre-primary education has increased dramatically in the last decade from 32 percent in 2000 to more than 50 percent in 2017. In low- and middle-income countries, enrollment in pre-primary education has doubled in the same time period, from 18 to 36 percent. This increasing trend can be seen across all regions of the world and is accelerating (7).

Despite improvements in access, however, in many countries, the quality of early childhood education is low and unlikely to promote significant improvements in children's development. Experience from high-, middle-, and low-income countries alike demonstrates that even when access to early childhood education goes up, children's outcomes do not always improve [for instance, (8–12)]. Without an adequate emphasis on quality, children will not reap potential benefits, parents may be less likely to enroll their children in pre-primary education, and systems will waste resources. The last two decades of experience in the basic education sector [within the context of trying to achieve Universal Primary Education and the current global learning crisis; (13)] provide a preview of what could happen if pre-primary education continues to be scaled without adequate quality.

Within this context, it is critical for governments, development partners, and parents to have information on children's development in the preschool years (here defined as ages 4–6) and to generate data in a way that can foster improvements in programs and policies (14, 15). Governments, and not just academic researchers, should be able to implement measures of child development at scale. This implies the need for relatively straightforward measures accompanied by guidance on implementation protocols. In addition, the resulting data needs to be reliable with validity evidence for recommended uses of the scores. Without this information from these kinds of measures, programs and policies are unlikely to be as effective, efficient, and equitable as they could be, and policymakers risk making decisions with limited information.

There have been various global efforts to promote measurement of children's development in the preschool years. These include the Measuring Early Learning Quality and Outcomes (MELQO) project (16, 17), early Human Capability Index [eHCI; (18)], East Asia-Pacific Early Child Development Scales [EAP-ECDS; (19)], Regional Project on Child Development Indicators [PRIDI; (20)], and the International Development and Early Learning Assessment [IDELA; (21)].There has been an important emphasis within these initiatives on local applicability and relevance, and this should rightly be prioritized to ensure the resulting data are meaningful and useful to governments and local stakeholders. There also have been investigations into the cross-context comparability of the data generated by specific tools [for example, (18, 22)].

However, while there has been this proliferation of child outcomes measurement efforts and data, it has been difficult to get an accurate view of how child development varies across the globe because the measures used do not always capture the same constructs in the same way. While these measures tend to target similar developmental domains (e.g., early literacy, early numeracy, executive functioning, and social-emotional competencies), the items used often differ from measure to measure so that it is not possible to link the resulting data across different measurement efforts. This situation is compounded by the fact that there is no large-scale international measurement program at the pre-primary level in which the same items are administered to representative populations at a regular frequency. This is in contrast to assessment at the primary and secondary levels, which has initiatives like the Programme for International Student Assessment [PISA; (23)], Trends in International Mathematics and Science Study [TIMSS; (24)], and Progress in International Reading Literacy Study [PIRLS; (25)].

In order to link across tools, there needs to be a common set of items embedded in each tool (26). For this to be feasible across a wide range of measurement efforts, the common set of items needs to have three key features. First, the set needs to be short enough so that adding it to an existing tool does not make the overall measurement exercise excessively burdensome (27). Second, the common set of items needs to demonstrate acceptable psychometric properties across as wide a range of contexts as possible in order to ensure the quality of the data collected in each context. These properties would include an average level of difficulty for children in the age range of interest and a consistent scoring pattern with other items measuring the same developmental domain. Third, the core set of items, along with guidance on data collection, management, and analysis, needs to be openly accessible by a wide range of stakeholders, including national statistical offices and researchers.

Identifying these items would allow for increased efficiencies and synergies across data collection efforts, for example through the provision of common guidance around data collection, management, and analysis, thus helping to ensure that national statistical offices and researchers are collecting comparable and relevant data with high-value information on child development in the preschool years. It is crucial to note that these core sets of items can and should be supplemented with items that are more specifically suited to local contexts and needs in order to ensure that the resulting data provide information relevant to local policy and practice (28).

There are currently efforts to identify sets of items that demonstrate adequate psychometric properties across contexts for children aged 24–59 months in the context of the sustainable development goal (SDG) 4.2.1 and for children aged 0–36 months—the Early Childhood Development Index [ECDI2030; (29)] and the Global Scale for Early Development [GSED; (30)], respectively. Preschool systems, however, often focus on children aged 4–6 (ages 48–83 months). The core sets of items described in this paper are thus aimed at children aged 4–6 and are intended to complement the other ongoing global efforts.

The goal of the work presented in this paper was to identify core sets of caregiver-report items and direct assessment items that measure key developmental domains for children aged 4–6 (48–83 months) and demonstrate adequate psychometric properties across multiple contexts. Data from previous early childhood measurement efforts using the same base assessment tools in 12 countries were harmonized and analyzed. This work represents a step toward the generation of psychometrically robust core sets of items that can be made global public goods so that they can be embedded into measures of early childhood development outcomes. The methods, results, and subsequent discussion are presented below.



METHODS


Research Design and Participants

The data for this study were obtained from previous data collection initiatives over the last 5 years conducted by governments and supported by country and regional teams within the World Bank. These data collection initiatives, done initially for either population monitoring or program evaluation purposes, were carried out independently. However, they all used the same base measurement tools (i.e., a caregiver report and/or a child direct assessment) described below.

As summarized in Table 1, participants in this study were caregivers (n = 16,015) and children (n = 24,533) from 12 different countries located in Africa (7 countries), Asia (3 countries), Central America (1 country), and South America (1 country). Most of the children in this study were aged between 48 and 72-months, although data from younger and older children were included in the estimation of the items' psychometric properties described in the following sections.


Table 1. Total sample size and sample size by children's age by country.
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Materials

Country and regional teams had administered assessments of early childhood development using a caregiver report questionnaire and/or a child direct assessment drawn from the MELQO suite of tools (17). These tools were designed to generate data on early child development and the quality of early learning environments in low- and middle-income countries. The caregiver report questionnaire and child direct assessment capture aspects of child development across four domains: early literacy, early numeracy, executive functioning, and social-emotional competencies.

The total number of items included in these measurement tools varied by country as country teams added or removed items depending on their project objectives, local context, or at the request of governments. Once all items were pooled, there were a total of 92 items that had been administered as part of the caregiver report questionnaire and 146 items that had been administered as part of the child direct assessment. Table 2 shows the breakdown of these items for each tool, by developmental domain. All identified items were analyzed in this study.


Table 2. Number of initial items by developmental domain.
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Caregiver Report Questionnaire

This questionnaire is administered to the child's primary caregiver at home (16, 17). Trained enumerators present the standardized questions to caregivers who report whether their child exhibits specific behaviors; caregivers can also respond that they do not know the answer to a particular question. Additional sociodemographic information about the caregiver, the child, and their home is collected during the administration of this questionnaire.

The early literacy domain section of the questionnaire includes items related to the child's alphabet knowledge, expressive vocabulary, and listening comprehension. The early numeracy items questionnaire includes items focused on verbal counting, set production, mental addition, numeral identification, spatial sense, and measurement vocabulary. Finally, the items measuring executive functioning and social-emotional competencies include questions about the child's self-regulation, social cognition, social competence, and emotional well-being.



Child Direct Assessment

The direct assessment is focused on exploring what the child knows and can do by asking the child to perform various tasks (16, 17). Trained enumerators administer each item to the child in a one-to-one interaction. The enumerator marks whether the child can or cannot perform a specific task and may also indicate whether particular items were not administered to the child for unexpected reasons. Key demographic information (e.g., age and gender) about the child are also captured during the administration of the assessment.

The early literacy section of the assessment includes items related to the child's alphabet knowledge, phonological awareness, expressive vocabulary, and listening comprehension. The early numeracy section includes items focused on verbal counting, set production, mental addition, numeral identification, spatial sense, and measurement vocabulary. Finally, the section measuring executive functioning and social-emotional competencies includes items that capture the child's working memory, inhibitory control, social cognition, and emotional self-knowledge.




Procedure

The caregiver report questionnaire and child direct assessment were adapted to the countries' local contexts before implementation; as a result, there were variations in how some of the items were worded, scored, and labeled. Thus, before data analysis, the data first had to be harmonized across datasets. This involved mapping items across implementations to identify (i) which items were implemented in the same way across contexts, (ii) which items were adapted slightly but were still equivalent across implementations, (iii) which items were adapted so that they were not equivalent across implementations, (iv) which items were completely new, and (v) which items from the original tools were omitted in a given implementation. This was followed by the systematic recoding of data sets using a standard data codebook for all items, which resulted in uniform scores and labels across data sets. The authors can be contacted for more information about the harmonization process, which has been documented and is available upon request.

After the item-level data were harmonized, experts in early childhood development reviewed the items for face and content validity to ensure that the measurement tools adequately represented the developmental domains they intended to measure (31, 32). Psychometric analyses employing both Classical Test Theory (CTT) and Item Response Theory (IRT) frameworks were used to identify items with the psychometric characteristics described below. Invariance analyses were not conducted as part of this study since the authors' main objective was to first identify items that demonstrated consistently robust psychometric properties for children aged 4–6 within each country. We expect to conduct additional studies in the future that explore the invariance properties and differential item functioning of the core set of items for different groups and contexts.

In most cases, the items in the caregiver report and child direct assessment tools were scored only as either an incorrect answer (0 = “cannot do it yet”) or a correct answer (1 = “can do it”). As mentioned above, country teams were allowed to adapt the measurement tools to the local context. Therefore, some versions of the caregiver report questionnaire included items scored as either an incorrect answer (0 = “cannot do it yet”), a partially correct answer (1 = “can do it with help”), or a correct answer (2 = “can do it independently”). Thus, the analyses distinguished between statistics for dichotomous items and ordinal items.

The main objective of the analysis was to identify items with high-information content representing multiple domains of child development that can be used across countries and that capture the progress that tends to happen over time as children develop normally. The item-level statistics calculated included measures of item difficulty, item discrimination, item impact on internal consistency, item factor loadings, and item relationship with age controlling for other covariates. Table 3 summarizes each of the statistics estimated in order to identify items that show robust psychometric properties across countries (31–36).


Table 3. Item-level statistics and inclusion criteria for selected items.
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These statistics were estimated for each country-dataset separately. After the content and psychometric analyses within each country, items were classified using four levels:

• Tier 1: Items met all the criteria described above.

• Tier 2: Items that failed to meet just one criterion. These items were included in a second round of psychometric analyses since some CTT statistics tend to improve when other inadequate items are removed.

• Tier 3: Items that did not meet two or three criteria. In these cases, item content was reviewed by experts in developmental psychology to determine whether they should be part of a core set of items.

• Tier 4: Items that did not meet more than three criteria. These items were excluded from any subsequent analyses.

Items in Tiers 1, 2, and 3 were included in a second round of within-country psychometric analyses using the same statistics and measurement models used in the first round (Table 3). This second round of analyses is particularly important for some CTT correlations and factor analysis estimates, which are prone to change when items are dropped (31, 32). All remaining items were tiered once again within countries after this second round of psychometric analyses.

Next, the proportion of correct responses by age was calculated for each of the remaining items to identify those with medium difficulty in the age range of interest for the study. Items were defined to have medium difficulty either when between 40 and 60 percent of the caregivers indicated that their child was able to perform a specific task or exhibited a particular behavior, or when the same proportion of assessed children were able to perform a specific task correctly. At this stage, only items that had been applied in at least two countries were retained in the core.

Annex A includes Tables A1 and A2, which summarize the tier placement of each item from the Caregiver Report Questionnaire and Child Direct Assessment, both at the country level and across countries. As summarized in these tables, in most instances, items included as part of the core set were identified in tier 1 in the within-country analyses. To a lesser extent, items were identified in tiers 2 or 3. Only rarely were items identified in tier 4. In the infrequent case that an item produced suboptimal statistics that placed it in tier 4 in one country, but in higher tiers in other countries, a content review by experts in developmental psychology was carried out to determine if the item should be included or not.

Annex A also includes Tables A3 and A4, which present the psychometric results for each item. In the interest of brevity, country-level psychometric results for each item are summarized in terms of average estimates and standard deviations across countries. For each statistic reported in these two tables, the average estimate is simply the arithmetic mean calculated by adding up country-level estimates and dividing this sum by the number of countries where the item was included. The standard deviation is calculated by calculating the sum of squares between this arithmetic mean and each country-level estimate, dividing it by the number of countries where the item was included minus one and obtaining the square root of this ratio.

For all analyses described here, observations with missing information were excluded from analyses (that is, missing responses were not recoded as incorrect responses) and multiple imputation procedures were not carried out to estimate plausible values at the item level.




RESULTS

Following the analytical process described in the previous section, a core set of items were identified. These items represent adequate content coverage as defined by experts in early childhood development, robust psychometric properties across countries, and empirical evidence of medium difficulty for children aged 4–6 years old. The results section summarizes the psychometric properties of the core set of items in the caregiver report questionnaire and the child direct assessment protocol.


Caregiver Report Questionnaire

Data from eight different countries –Ethiopia, Laos, Lesotho, Madagascar, Nigeria, Pakistan, and two Central and South American countries that shared data on the condition of anonymity—were used to identify a robust core set of items from the caregiver report questionnaire. After the psychometric analyses were performed, 69 out of the 92 unique original items were placed in tiers 1–3 given their satisfactory psychometric properties within countries; however, only 20 of these items showed medium difficulty for children aged between 4 and 6-years-old both within countries and across countries. Of these 20 core items, five correspond to the early literacy developmental domain, six to early numeracy, and nine measure executive functioning and social-emotional competencies.

Table 4 lists the caregiver report core items and their tier level. Overall, early literacy and early numeracy core items tended to show better psychometric properties compared to the executive functioning and social-emotional competencies core items.


Table 4. List of core items from the caregiver report questionnaire.
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Table A3 in Annex A presents a list of the core items in the Caregiver Report Questionnaire along with their average and standard deviation item-level statistics. These statistics aggregate item-level estimates from countries in which the item was included in the questionnaire. In terms of average CTT difficulty (see column 2 in Table A3), it ranged from an average easy item in the case of the early numeracy item “Can count from 1 to 10” (mean = 0.85, s.d. = 0.16) to a moderately difficult literacy item “Writes a simple word” (mean = 0.34, s.d. = 0.14). Note that these CTT average difficulty statistics were calculated using data from each country separately, then pooled together as the summary statistics included in Table A3. The CTT difficulty estimates from each country were calculated with data from children of different ages ranging from 2 up to 10 years old; still, the final core items tended to show average difficulty for children aged 4–6 years old within each country. Moreover, no item showed ceiling or floor effects (see columns 1 and 2 in Table A3).

All items show positive average correlations both with the domain and the total score, indicating a good level of CTT discrimination and item contribution to internal consistency (see columns 3–5 in Table A3). The standardized factor loadings for each core item and their corresponding latent developmental domain are positive and above 0.30, which indicates that the items are strongly related to the construct they intend to measure (see column 6 in Table A3).

In column 7 in Table A3, all average values are positive except for two items: the cognitive and social-emotional competencies development items “Pays attention when doing an activity” and “Gets along with other children s/he plays with.” These negative coefficients indicate that as children get older, caregivers are less likely to respond that the child exhibits these two behaviors; however, these items were retained given that they presented adequate levels of difficulty and discrimination. For the rest of the core items, the positive average coefficients imply that older children are more likely to show a specific behavior or correctly execute a particular task according to the information gathered from their caregivers.

Finally, the core items show adequate to high discrimination, indicating that items can distinguish between respondents at lower and higher levels of development (see column 8 in Table A3). The average IRT difficulty values from the 1-PL (one-parameter logistic or Rasch model) and 2-PL (two-parameter logistic model) models are within the recommended interval and imply that items were neither extremely easy nor extremely difficult (see columns 9 and 11 in Table A3). The two IRT models consistently indicate that the easiest item is “Can count from 1 to 10,” while the most difficult is “Writes a simple word.”



Child Direct Assessment

Child assessment data from ten different countries –Ethiopia, Kenya, Laos, Lesotho, Nigeria, Pakistan, Sudan, Tanzania, and two Central and South American countries that shared data on condition of anonymity—were used to identify a robust core set of items for direct assessment. Of the 146 unique original items, 120 items showed adequate psychometric properties within countries, but only 84 items showed medium difficulty for children aged 4–6 years old both within countries and across countries. Of those 84 core items, 27 items measure early literacy, 29 early numeracy, 27 executive functioning, and only one item measures the social-emotional competencies domain.

Several of the core items in the direct assessment tool are part of larger tasks that have more items; in most cases, all or almost all of the items in a task were found to be psychometrically robust. Table 5 lists all core items and tasks in the child direct assessment protocol by tier level.


Table 5. List of core items and tasks from the child direct assessment protocol.
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In the case of the early literacy domain, core tasks focused on letter identification, oral story comprehension, initial sound discrimination, letter sound identification, and the child's ability to write their name.

For the early numeracy domain, one item focused on the comparison of one-digit numbers. Additional early numeracy core tasks measure number identification, set production, simple addition, mental transformation, naming shapes, and object spatial position identification. For the executive functioning developmental domain, the self-regulation tasks of pencil tap and head-toes-knees-shoulders showed robust psychometric properties, as well as some memory items focused on forward and backward digit span. In the social-emotional competencies domain, only one item measuring emotion identification yielded optimal psychometric properties.

Table A4 in Annex A contains summary item-level statistics for Child Direct Assessment core items. The average CTT difficulty statistics ranged from an easy literacy item “Listening comprehension task. Q1” (mean = 0.84, s.d. = 0.11) to a moderately difficult item also part of the early literacy domain “Initial sound discrimination tasks. Q2” (mean = 0.28, s.d. = 0.22). As indicated for the Caregiver Report Questionnaire, the CTT average difficulty statistics were calculated using the complete data collected in each country, including children of different ages. The final core items tend to show average difficulty in the case of children aged 4–6 years old. No core item showed ceiling or floor effects (see column 1 in Table A4).

In summary, all core items showed positive correlations with both domain and total scores, which indicates that items are discriminating between low- and high-scoring children and contributing to internal consistency (see columns 2–4 in Table A4). In terms of the standardized factor loadings between the items and their latent developmental domain, results indicate that items are strongly related to the construct they intend to measure. Moreover, all age coefficients are positive, which implies that older children are more likely to respond to the items correctly compared to their younger peers (see column 6 in Table A4).

Consistent with the CTT difficulty results presented above, the 1PL IRT difficulty estimates show that items are neither extremely easy nor difficult (see column 7 in Table A4). However, the results of the 2PL IRT model indicate that two items—“Initial Sound Discrimination Q1” and “Mental transformation Q1”—might be easier than expected when controlling for item discrimination (see column 9 in Table A4). All items yielded a positive average 2PL IRT discrimination estimate, indicating that they can distinguish between respondents at lower and higher levels of development in the four measured domains (see column 8 in Table A4).




DISCUSSION

The goal of the work presented in this paper was to identify a core set of caregiver-report items and a core set of direct assessment items that measure key developmental domains for children aged 4–6 and that demonstrate adequate psychometric properties across multiple contexts. This work represents a step toward the generation of psychometrically robust core sets of items that can be made global public goods so that they can be embedded into measures of early childhood development outcomes to enable linking across tools and comparability of data. As indicated in the Introduction, the linking of results across different ECD measures can be achieved when all of the measurement tools concerned share a proportion of common items. If the tools do not share any common items, a separate set of items (such as the core items presented here) could be administered alongside these tools to the same sample of participants, and this would allow the scores from one measure to be expressed in terms of the other. Such linking approaches are commonly used in educational psychology and large-scale learning assessment studies to track learning trends over time or to compare the results from two or more learning assessments measuring the same domain (37, 38).

Moreover, identifying and promoting the use of psychometrically robust core sets of items, along with accompanying guidance, will improve the quality and efficiency of measurement efforts and help policymakers and other stakeholders to collect data that have high information content and relevance for child development in the preschool years.

This study capitalized on the fact that the World Bank supported multiple early measurement efforts across the globe and that many of these measurement efforts used the same base tools (drawn from the MELQO suite of tools) for measuring child outcomes in the preschool years (14, 16, 17). Thus, this presented a unique opportunity to compile and analyze data from 12 countries in order to identify items that demonstrate adequate psychometric properties for the target age range across contexts. The analyses yielded 20 caregiver report items and 87 child direct assessment items (grouped into 17 tasks) that showed strong item-level statistics across countries. These item-level statistics include item difficulty, item discrimination, item contribution to internal consistency, item standardized factor loadings, and item relationship with age controlling for other covariates. These items covered all early child development domains of interest, namely early literacy, early numeracy, executive functioning, and social-emotional competencies.

It is important to emphasize that the core sets of items identified in this paper do not capture all relevant data for all early childhood development measurement purposes. For example, while they might serve some monitoring purposes, they would likely need to be supplemented with additional items in order to provide a more nuanced set of data on early childhood development outcomes for purposes such as impact evaluations. One way of addressing this would be to embed the core sets of items into other commonly used measures of early childhood development. Preliminary comparisons of these core item sets with four other commonly used measures—eHCI (18), EAP-ECDS (19) PRIDI (20), and IDELA (21)—show overlap between the core sets of items and items that comprise these other measures (see Table B1 in Annex B); this item overlap implies that relatively few items will need to be added to these measures to ensure they contain the complete core sets of items. The ECDI2030 (29) and GSED (30) were not included in Table B1 due to differences in the targeted age range, which imply that few items would overlap—this was confirmed by the fact that only two items from the proposed core set of caregiver report items (targeted at children aged 48–83 months) overlap with the ECDI2030 (targeted at children aged 24–59 months).

In addition, there may be a need to supplement the core set of items with additional questions or indicators that more specifically respond to the needs of local contexts in order to ensure that the resulting data provide information relevant to local policy and practice (28). This could be done by determining which locally-relevant constructs the core items do not cover and then identifying items from existing measures that capture these constructs to add on to the core set of items. If items capturing the desired constructs cannot be found, it may also be possible to develop new, contextually-specific items to add on to the core set of items by working with local stakeholders, experts in child development, and psychometricians (39).

There are, however, some limitations to the current analyses and some critical next steps that should be completed before considering the core sets of items identified in this paper as ready to embed in future measurement efforts. First, while the analyses and results indicate a set of items measuring social-emotional competencies that could be included in the core, these items demonstrated poorer psychometric properties than the items measuring early literacy and numeracy. None of the caregiver report items capturing social-emotional competencies were categorized as Tier 1 items, and there was only one item from the child direct assessment that met the desired criteria for inclusion for children aged 4–6 years old. This is consistent with past findings showing that literacy and numeracy items consistently perform better on the psychometric parameters chosen for the current analysis across contexts than do items focused on social-emotional competencies [see, for example, (6, 14, 18, 22, 38, 40–44)], and may be linked to the fact that social-emotional competencies are more contextually and culturally specific. Thus, it is more challenging to find social-emotional items that perform similarly well psychometrically across countries. This result has implications for cross-context comparisons of children's social-emotional development and suggests that further work needs to be done to strengthen this aspect of the core sets of items.

Second, keeping in mind that a key feature of a core set of items is parsimony, the number of items currently included in the core set of child direct assessment items may still be too many to feasibly incorporate into existing measures. With 84 items grouped into 16 tasks, it is unlikely that stakeholders will be able to add many more context-specific items to the core and still be able to administer the resulting assessment to a 4–6 year old within an acceptable period of time. These 84 items would likely take ~30 min to administer, which is the upper bound to what could be reasonably expected of a preschooler. Thus, while these items demonstrate adequate psychometric properties across contexts, they will need to be further trimmed down using additional considerations. Given the need in many contexts to rely on non-expert enumerators to collect these data and the potential for this to introduce measurement error, priority could be given to items that are less complex to administer and that do not exhibit sensitivity to the expertise of the enumerator conducting the interview or assessment. In addition, some tasks in the core tap into the same developmental constructs; thus, the core set of items could be further trimmed by keeping only one task per developmental construct, perhaps prioritizing items that already overlap with other measurement tools. Finally, further analyses could be run to try to identify a subset of the items that provide roughly the same amount of information as the full set.

On the other hand, the 20 core caregiver report items represent a manageable number of items that could be incorporated into existing measures of child outcomes. This core set of items also lends itself to inclusion in household surveys as a means of scaling up the measurement of early child development at the population level and enabling child outcome data to be linked to contextual information commonly collected via household surveys such as household characteristics, access to health services and social protection programs, and consumption data. It is worth noting here that the ECDI2030 (29) was designed for implementation through household surveys (particularly UNICEF's Multiple Indicators Cluster Survey), and it too contains 20 items.

Third, the analyses presented here all drew from the same base measurement tools from the MELQO (16, 17). A critical next step would be to expand the harmonized dataset to include data and items from other existing measures of child development in the preschool years, in order to ensure that these findings are not specific to the MELQO suite of tools. This would require the strengthening of harmonization protocols and guidelines across measures; the ex-post harmonization protocol developed as part of this work provides a strong base for this effort and represents a step toward a global database of early childhood outcomes in the preschool years. As mentioned above, the fact that there is overlap between the core sets of items and items that currently comprise the commonly used measures of early childhood development also facilitates the expansion of this work to include other measures of child development. It is also worth mentioning here that some items were excluded from the core because they had not been implemented in at least two countries in the current dataset; by drawing on additional data, it may be possible to re-evaluate whether these items should also be considered for inclusion in the core.

Another critical step would be the field-testing of the identified items as a group in different measurement and country contexts. In the current analysis, all items did not appear across all of the countries in the sample and field protocols were slightly different in each country. Moreover, the objective of measurement also varied (sometimes it was population monitoring, sometimes it was program evaluation), which would have influenced the profile of enumerators and the intensity of quality assurance in data collection. It will be important to check under which conditions the items retain their psychometric properties. Standardizing items and field protocols will also permit an exploration of whether these items function similarly and an evaluation of measurement invariance across contexts.

This field-testing would also reveal the extent to which the caregiver report and direct assessment data from the cores corroborate each other when implemented together in the field. It is important to flag here, however, that while the core set of caregiver-report items and the core set of direct assessment items capture the same key developmental domains, the items in the caregiver report and the direct assessment cores do not correspond directly (i.e., the items do not target exactly the same skills or competencies within each domain). Nevertheless, a comparison of the two measures could provide convergent validity for the use of the two types of tools.

Finally, it would be important to explore the predictive validity of these items. At this point in time, there are no standardized longitudinal data that could be drawn on to feed into the selection of the core sets of items. It is worth noting, however, that predictive validity was one of the criteria used when items were originally selected for inclusion in the MELQO (17).

This paper presents the work done to identify two core sets of caregiver-report items and direct assessment items that measure key developmental domains for children aged 4–6 and that demonstrate adequate psychometric properties across multiple contexts. They represent a starting point for (i) linking across different early childhood measurement tools for children aged 4–6; (ii) increasing quality across measurement efforts; and (iii) facilitating the scale up of early childhood measurement. This would be hugely beneficial to the field of child development as a whole, as it would help to advance understanding of universal and context-specific factors that underlie child development and thus help policymakers make decisions that ensure children receive quality early childhood care and education they need in order to reach their full potential.
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In 2015, Romania took an important step toward increasing disadvantaged children's participation in early education programmes through the passage of legislation creating a nationwide conditional cash transfer programme linked to preschool attendance. The programme was modeled on the incentive component of a 5-year pilot project “Every Child in Preschool” (“FCG”) initiated by Asociatia OvidiuRo (“OvR”), a small non-governmental organization. This paper explores how OvR used evidence from its pilot, global research, a quasi-experimental evaluation, collaboration with local authorities, and an intensive advocacy effort toward the legislative and executive branches of the national government to achieve the national scale-up of an early education initiative designed to create equal access in kindergarten among Roma and other impoverished, marginalized children.
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INTRODUCTION

Approximately 200 million children under the age of 5 living in low—and middle-income countries do not achieve their development potential as a result of poverty and deficient learning opportunities (1). Eurostat reports that 37.9% of the Romanian population is at risk of poverty and social exclusion, the highest share being recorded between 0 and 18 years old (2). These inequalities often begin before birth and grow during a child's early years (3).

In 2015, Romania took an important step toward improving access to early education for disadvantaged children through the passage, with the full support of all political parties1, of Law 248/2015. This legislation introduced a nationwide conditional cash transfer programme to encourage preschool and kindergarten participation of children from poor families (5). The law, intended to draw impoverished, predominantly Roma, children into existing early education programmes in rural Romania, was modeled after the “Every Child in Preschool” project, initiated in 2010 by Asociaţia OvidiuRo, a small non-governmental organization (NGO).

Using a combination of document analysis and unique interviews with stakeholders, this paper explores what led to the project's transformation into a national initiative.



LITERATURE REVIEW

A large body of evidence exists on the importance of early childhood education (ECD) for later life outcomes [e.g., (6–8)], including recent special issues in (9), in the Annals of the New York Academy of Sciences (10), and the Archives of Disease in Childhood (2019) (11).

Each of the published articles underscores the importance of monitoring and evaluation: for example, to understand which children are not yet reached, which programmes work best for which sub-populations of children, where there might be bottlenecks, etc. However, monitoring and evaluation, and scientific evidence more broadly, does not automatically and universally lead to better designed and/or expanded ECD programs. In Scaling early child development: What are the barriers and enablers? (2019), part of the (11) series, ECD practitioners are reported to see monitoring and evaluation efforts as serving primarily scientific publication objectives, not project improvements or scaling.

Public policy interest and interest among civil society organizations in ECD has also been on the rise. The UN's Sustainable Development Goals (SDG) for 2030 includes SDG 4—Quality of Education, and focuses on lifelong learning opportunities for all, starting at birth and continuing through all phases of life (12). The importance of governance and the institutional frameworks around ECD are also increasingly recognized (13).

A case study by Ram (14) traces the steps that brought efforts, including ECD, to promote Roma inclusion across Eastern Europe prominently onto the agenda of the World Bank (15). Ram highlights that the World Bank's analytical work “was a prerequisite and driver of further action, though it alone was insufficient” (p. 578). The evidence used was complemented by other key factors such as: (i) individuals' efforts to elevate the issue; (ii) World Bank's external strong social networks providing expertise and funding; (iii) international context and the EU enlargement which imposed ex-conditionalities for Roma inclusion.

In the next sections, we explore the steps that led to the passage of Law 248/2015 and the 2020 amendments to the law.



METHODOLOGY

We used a combination of document analysis and interviews with key stakeholders to identify the key factors that transformed a small NGO-run project into a national initiative, with particular attention to the role of monitoring, and evaluation in this process.

In spring 2019, we carried out ten face to face, telephone and written interviews with the main actors in the process of advocacy and legislative change. All the interviewees held a strategic or decisional position within the organization/institution they represent.

In addition to the co-founders of Asociatia OvidiuRo (OvR), Maria Gheorghiu, and Leslie Hawke, co-authors of this paper, we interviewed one current and one former OvR staff member who participated in developing the original pilot programme. We also interviewed senior representatives of other civil society organizations active in early education and acquainted with national policy dynamics: World Vision Romania, the Roma Education Fund, and Ready Nation Romania, an association of business leaders supporting early education. We interviewed a senior representative of the National Roma Agency (16), a public body, UNICEF Romania, the World Bank, and Up Romania, one of the companies that provided the food coupons that were used as conditional cash transfers. Lastly, we interviewed a former Secretary of State in the Ministry of Labor at the time Law 248/2015 was being considered in Parliament.

The interviews were complemented with the analyses of publications from a variety of civil society and public sources on the project, passage of Law 248/2015, and the international context.



LEGAL AND INSTITUTIONAL DEVELOPMENTS ON EARLY CHILDHOOD EDUCATION

More than four out of ten children in Romania (41.7%) are estimated to be at risk of poverty or social exclusion (2, 17, 18). The vast majority of Romanian children 4–5 years of age participate in early childhood education before the start of primary school [(19), cited in FRA (20)]. However, there are large disparities by ethnicity and socio-economic status. Participation is lowest among the large Roma minority, which by some estimates make up between 6 and 12% of the population, with approximately half living in rural areas (21)2. A survey of Roma communities across Eastern Europe found that 38% of Romanian Roma children aged 4–5 were participating in preschool compared to 80% of the general population (20)3.

Corresponding rates of early leavers from the education system among Roma are extremely high. The same 2016 FRA survey finds that 77% of Roma aged 18–24 years old do not continue their education beyond the lower secondary level. Among the general population the rate stands at 19%, still one of the highest in the EU (20).

Starting around 2010, calls for expanding ECD opportunities for vulnerable children as a way to address long term poverty and exclusion increased from public, civil society, and international organizations. Over time, this included a growing list of national organizations and agencies, including the Romanian Ministries of Education and Labor; international organizations, particularly, the European Commission, UNICEF, and the World Bank, and a range of national and international civil society organizations, such as OvidiuRo, Step by Step, World Vision, and FDSC (Fundaţia pentru Dezvoltarea Societăţii Civile). Some of these advocate more indirectly for early education as a means to promote equal opportunities for Roma children, such as the National Roma Agency, the Roma Education Fund, Agenţia Împreună, Romani CRISS, the Policy Center for Roma & Minorities; and even private sector networks like Ready Nation Figure 1.


[image: Figure 1]
FIGURE 1. Social Network Map—Actors involved in the OvR project. Source: Compiled by the author based on data analysis of the interviews conducted and desk research.


The structure of early education, preschool and crèches, is provided by the National Law of Education (22). In 2011, the Romanian Government redesigned the national education system to focus on delivering a more inclusive and better-quality learning process, in part pushed by the EU Commission's request (23) to align national education policies with long-term EU jobs and growth strategy for 2010–2020 (24, 25).

The 2011 law extended the length of primary education by lowering the enrolment age from 7 to 6 (26). It also included a specific budget for investing in rehabilitation of schools in disadvantaged areas (27). However, the 2011 law did not address educational participation for children younger than 6, which remained both optional and costly for poor parents. Although pubic kindergartens do not charge tuition in Romania, there are fees for school materials and transport, and a noon meal for full-day programs4.



OVIDIURO AND THE EVOLUTION OF “EVERY CHILD IN PRESCHOOL”


Context

Two of this paper's authors, Maria Gheorghiu, a Romanian primary school teacher, and Leslie Hawke, then a US Peace Corps volunteer, started an alternative education programme for unschooled children while working for the Fundatia de Sprijin Comunitar in Bacău, Romania in 2001, with an initial $60,000, 18-month grant from USAID. Starting in two dorm rooms in a public high school, the project soon grew by word of mouth to two nearby Roma enclaves, drawing in children, age 6–15, who were not registered for school, many of whom had aged out of the system. From the beginning, the programmes were always conducted in local schools, as Gheorghiu and Hawke's ultimate goal was to officially integrate the children into the public education system. They also wanted to make it clear to the authorities that the programme was truly educational and not merely a “day center.”

In 2004, Gheorghiu and Hawke founded Asociatia OvidiuRo, and expanded their project to a Bucharest elementary school (29, 30). Again, interest through word-of-mouth among school directors in poor communities led OvR to branch into kindergartens in neighboring counties, providing assistance in recruiting the community's unschooled children and training the teachers to work more effectively with children in need of remediation. OvR designed and implemented special classes, after-school programs, and summer sessions conducted in the schools by local teachers, but with training, and oversight from OvidiuRo.

From the beginning, the founders had kept track, informally, through the teachers and social workers, of the children in the programs. By 2007, they were observing that the vast majority of the children did not stay in school more than 2 or 3 years (31). But on closer analysis, they observed that the younger a child had started in the programme, the greater the likelihood of their staying in school. This was true even for children in the same family Figure 2 (33).


[image: Figure 2]
FIGURE 2. FCG children's attendance (graph extracted from the OvR's 4th Annual Report to Partners, Stakeholders & Investors, 2013–2014, p. 18) Source: Children's attendance to kindergarten before and after the FCG programme (32).


They came to believe that none of the standard interventions could make a significant difference if a student's intellectual capacity had been stunted in early childhood [(34), p. 2]. Their first-hand experience in the field was corroborated by academic research published online (e.g., Steven Barnett5, James Heckman6, Harvard's Center for the Developing Child7), and World Bank reports8 regarding the importance of early intervention for disadvantaged children's long-term school success (39).

It was common knowledge that Roma children typically did not attend kindergarten (The parents, with little education themselves, tended to see kindergarten as superfluous and costly. And they were often subtly, or sometimes directly, discouraged from enrolling their children by the school administrators). Like OvR, the Ministry of Education and other NGOs were primarily focused on supporting at-risk elementary and secondary school students.

In 2010, OvR's founders decided to focus exclusively on “grădiniţă” (i.e., preschool and kindergarten) age children (40).

They had found, over the years, that it was not difficult to get impoverished parents, even traditional Roma, to register their children for school, but it was very difficult to get them to attend on a daily basis throughout the long frigid Romanian winter. A small 2007 UNDP grant had made it possible for OvR to test tichete sociale (“food coupons”) as an incentive to get impoverished parents to send their children to school everyday, and it had proven a quite effective attendance stimulant. Thus, in 2010, in partnership with the Ministry of Education, OvR began to use food coupons as a preschool attendance incentive.

A grant from The Alex Fund in NY9 allowed OvR to invite mayors across Romania to apply for assistance in getting every poor 3–5 years old child in their communities in grădiniţă by offering each family that qualified for social benefits, an additional monthly food coupon worth 50 lei (€10) if their child attended grădiniţă “every day.” (34).

The project, called Fiecare Copil in Grădiniţă (FCG), was a kind of joint venture between the local municipality and OvidiuRo. In order to qualify for financial aid from OvR, the Local Council was required to:

i. Contribute €35 per year per impoverished preschool-aged child for shoes and clothes,

ii. Create a Local Action Group comprised of the mayor, an additional Local Council representative, a social worker, school director from each kindergarten; and

iii. Oversee door-to-door recruitment by the Local Action Teams (41).

OvR contributed food coupons worth €10/month per child, conditional on the child's daily attendance (and distributed by the teachers) to parents whose income was < €60/month. OvR also provided on-site consultation to the Local Action Group and training to the teachers and social workers.

To obtain the food coupons, monthly attendance reports had to be submitted by the school director to OvR. OvR's field staff were responsible for confirming the accuracy of the reports through frequent, and sometimes unannounced, community visits. A high rate of kindergarten participation resulted, with 85% of the 1,400 children in the programme qualifying for food coupons by their regular attendance in the 2011–2012 school year.



Impact Evaluation

Gheorghiu and Hawke had been inspired by William Easterley's book, The White Man's Burden, which introduced them to the “conditional cash transfer” model, the work by the 2019 Nobel Laureates in Economics—Esther Duflo, Michael Kremer, and Abhijit Banerjee—and other affiliates of MIT's Jameel Poverty Action Lab (JPAL), and the importance of independent impact evaluations. Easterly's observations about the ineffectiveness of most international aid efforts rang very true to their own observations. The success of programmes in Mexico (Opportunidades) and Brazil (Bolsa Familia) combined with their own small-scale experience with food coupons in 2007, accelerated their interest in getting their project evaluated independently to bolster support of their long-range national expansion goals. Toward that end, Maria attended a JPAL Seminar in London the summer of 2009.

By 2012 anecdotal reporting by mayors, school directors, and teachers indicated that children who had participated in FCG were better prepared for primary school than similar children who had not attended preschool. But OvR needed more objective evidence of this in order to:

i. Convince other communities to adopt the programme,

ii. Persuade county governments to allocate funds to expand it throughout their county, and

iii. Support future advocacy efforts to get the Government to expand the programme nationally.

The OvR team also wanted to demonstrate the program's efficacy to UNICEF Romania, which was also actively promoting early education to the Romanian Government (27, 42, 43), and had previously funded OvR programmes. However, while UNICEF Romania supported the end-goal—to increase preschool participation among poor and disadvantaged children (33, 44)—UNICEF objected to the instrument—conditional cash transfers. OvR argued that its direct experience in poor rural communities had shown that the prevalence of disincentives to sending poor children to early education (e.g., lack of transportation, clothes, shoes, and school supplies, coupled with often unwelcoming attitudes of the school authorities) made it necessary to provide positive associations in order to get the parents' attention and ultimately, their buy-in (45). The food coupon incentives clearly increased disadvantaged children's regular preschool attendance. And that, OvR maintained, was the necessary first step to increasing their successful integration in primary school. Keen to objectively demonstrate the model's real-world impact to any potential detractors, OvR's leaders sought independent verification.

In 2012 a team of academic researchers, supported by evaluation funding from the World Bank's Strategic Impact Evaluation Fund, agreed to partner with OvidiuRo on a prospective randomized control trial (RCT) (46, 47). In the end, OvR lacked the financial resources to expand the project to the required number of newly identified and randomly assigned communities, preventing implementation of the RCT. Ultimately, a different team of academic researchers conducted a quasi-experimental evaluation that compared communities with the project with non-treated communities sharing similar socio-economic characteristics.

“The results indicated that the FCG programme has a significant impact on both enrollment and attendance in preschool and lower primary school. With 50 lei per child per month, it offers an effective way to incentivize poor parents to send their children regularly to preschool. This behavior change seems to translate to an increased willingness to attend school well-beyond the end of the program.We therefore strongly recommend to scale up the programme to the national level.” [(48), p. 6].

This scholarly, scientific approbation turned out to be extremely helpful in convincing local authorities in new regions to adopt the intervention as well as convincing potential corporate sponsors to invest. It was also valuable, when meeting with members of Parliament, to be able to reference the study and include its summary of results in the package of supporting materials.



Preparing for National Scale-Up

From the very beginning in the early 2000's, OvR's executive director, Maria Gheorghiu, who had spent 15 years teaching in Bucharest schools before partnering with Hawke, met frequently with key Ministry of Education officials to keep them apprised of OvR's activities, making sure their efforts were in sync with the Ministry's priorities, building support for scaling up.

In 2008, OvidiuRo's founders set the year 2020 as their goal for expanding their programme “Fiecare Copil in SCOALA” to the national level (Hawke, annual meeting personal notes, 2008). “Fiecare Copil in Scoala” became “Fiecare Copil in GRADINIŢA” in 2010 when it became emphatically clear that the earlier children started, the better their educational outcomes, with late school starters almost never catching up or staying in school more than 2 years.

A 2010 partnership agreement with the Ministry of Education had given OvR formal permission to carry out FCG activities in public schools. It also allowed the use of the Ministry's logo on project materials, which was important to gaining the attention of county inspectorate administrators, and facilitated access to kindergartens for monitoring purposes (32).

In 2013, as a result of Gheorghiu's repeated urging, the Ministry of Education formed an inter-ministerial Early Education Working Group with the Ministry of Labor and OvR to lay a foundation for transforming FCG into a national program. One of the tasks of this group was to clarify the legal framework so that the conditional food coupons could be allocated by public authorities.

FCG was most successful in communities where the school director, social workers and municipal personnel participated in the monitoring process (49). On the whole, given the lack of resources and the voluntary nature of the project by local institutions with competing priorities, consistent involvement and oversight by OvR was common. But since the long-term goal was for the programmes to operate independently, in 2014, OvR introduced a process to wean programmes from management-dependence on OvR by giving well-functioning programmes more autonomy in local decision-making.

By fall 2015, FCG was reaching 2,500 children in 45 communities in 12 counties (50) largely funded by corporations operating in Romania. Corporate leaders were sensitive to the issue of workforce shortages and responsive to OvR's argument that investing early would have a high long-term return through better skilled human capital (Ready Nation, personal communication, April 17, 2019) a message that fit with their CSR objectives. Corporate donors also required far less paperwork than government or international organization grants—and a phone call to the CSR director was usually all that was required if they needed to rearrange line items in the budget.

Significantly, the project predecessor to FCG, Fiecare Copil in Scoala, was rejected for an EU structural funds grant in 2008 because there was no precedent for a conditional incentive project (Leslie Hawke, personal communication, July 2020). The only government-generated grant that FCG received was a “European Economic Area” (EEA) grant in 201410 which provided the funds for FCG to extend to six new communities, with the explicit goal of getting the county councils to cover the cost of food coupons after the grant period. This goal turned out to be crucial to the scale-up because it forced OvR's leaders to address the legal obstacles to transitioning to public funding. It effectively forced them to petition Parliament in 2015 to approve the concept of food coupons linked to daily attendance as a legitimate government-approved expense, in order to pave the way for the counties to finance the food coupon incentives.



Advocacy Process in Scaling-Up the Conditional Cash Transfer Component

Efforts to promote FCG as a national programme caught traction when in 2011 the American Ambassador to Romania, Mark Gitenstein, advised OvR to convene a meeting of influential ambassadors to Romania on the subject of early education. Nine European ambassadors, the UN representative to Romania, and Ambassador Gitenstein participated in the first annual meeting of the Ambassadors' Early Education Initiative” in 2012. Subsequently, American, British, German, Israeli and Norwegian ambassadors visited FCG rural project sites, experiencing first-hand Romania's hidden Roma poverty (Hawke correspondence, 2020). Although the group was entirely informal, having the attention and support of European officials who often spoke with Romanian government authorities, helped publicize both the importance of early education in general, and the FCG project in particular, among high level Romanian officials. It also facilitated opportunities for OvR's leaders to talk about the programme at embassy events.

Over the spring of 2015, Gheorghiu and Hawke met with political party leaders and Senate committee chairs. Right before the summer recess, legislation designed to ease the way for counties to finance FCG unanimously11 passed the Senate. Gheorghiu and Hawke began to meet with various Chamber of Deputies members over the summer and hired an aide to set up appointments and follow up with County Council presidents and members of parliament.

One of the most important advocates for expanding FCG was the Secretary of State from the Ministry of Labor at that time, Codrin Scutaru, who had visited OvR's programmes early on and was personally committed to helping expand FCG. He took a leading role in drafting the original bill and persuading an important Senator to sponsor it, and arranged for his boss, the Minister of Labor, to visit an FCG project in her home county in the spring of 2015. In the summer of 2015, Scutaru resigned his post at the Ministry of Labor to run the McGuire-Woods public affairs office in Bucharest. Subsequently, the McGuire-Woods team also advocated for the legislation among politicians from the different parties.



Passage of Law 248/2015

To the astonishment of the OvR team, instead of allowing the county governments to utilize county public funds for FCG, the Romanian Parliament voted in October 2015 to make the parent incentive component a national early education incentive programme, allocating €11 million in the 2016 state budget for this purpose. Having gained commanding support from all the political parties in Romania, the final Chamber of Deputies vote was 289 votes in favor, one against, and five abstentions (51).

Law 248/2015 introduced a food coupon incentive of 50 lei (~€10) per month conditional on the child's daily attendance. Families with children ages 3–5 were eligible, provided family income was not higher than 284 lei (€58.66) per family member per month.

Two weeks later, economic and social problems erupted in Romania and led to a major political upheaval that resulted in the resignation of the Prime Minister and each Government Minister. Before resigning, the Minister of Labor succeeded in allocating money from the national budget as one of her last official duties (Reality Check, personal communication, April 18, 2019).

Still, before the law could take effect, “secondary legislation,” the process of turning the law into a specific set of rules and regulations, had to be drafted and agreed-upon by both the Ministry of Labor and the Ministry of Education, since both agencies' personnel would be involved in the execution. At Gheorghiu's prodding, the secondary legislation was finalized in January and the law went into effect in February 2016 (Hawke, personal communication, July 2020).

Concerned that the government had not set aside resources to inform the counties or local authorities about the legislation, OvR's entire staff of 12 took to the road in three teams to meet with authorities in all 41 counties in February and March of 2016, informing and instructing local implementation teams in the proper procedures for implementation and taking note of concerns that were broached at the town hall style meetings. Separate meetings were held with the County Council and Prefects (50).



Implementation Challenges

The OvidiuRo team, well-aware of the amount of oversight and communication required to establish a high-functioning programme was of two minds when the legislation passed12. On one hand, this was an extraordinary opportunity to exponentially increase the number of disadvantaged children in kindergarten. On the other hand, it was difficult for an NGO with 12 full-time staff members and a budget of €750,000 to drive the expansion of an early education incentive programme in 45 rural communities into one active in thousands of municipalities across Romania.

As part of its effort to facilitate implementation of the law, the OvR team visited 500 rural kindergartens in 38 counties in 2016 and 2017. Obstacles to the seamless roll-out of the programme, like delays in coupon distribution and conflicting interpretation of the regulations, were relatively easy to ameliorate. More serious obstacles ranged from a shortage of classroom space and social workers to indifferent mayors and school directors. To contribute to solving the classes (school infrastructure) limitations, OvidiuRo offered small grants (approximated at 2,500 euros) to communities that requested help in transforming other spaces, such as storerooms or smaller rooms not used by schools, into kindergarten classes (52). At the same time, the number of children in classes was supplemented, with additional 2–3 children per each level of study. To overcome the social workers' shortage, OvR team initiated many campaigns of promotion with their small number of staff resources, as well as involving teachers and school directors in the process of informing families about the programme13.

Tracking the number of children benefitting from the legislation proved to be difficult. In the first year (2015–2016), the Ministry of Finance estimated that 79,000 children benefited. In 2017, coupon suppliers tallied 42,000 children and the Ministry of Education 33,700 (OvR, personal communication, June 4, 2019 and Reality Check, personal communication, April 18, 2019). OvR considered the data collection from the three food coupon suppliers to be the most accurate, estimation (UpRomania, personal communication, April 15, 2019) as the government's data was inconsistent: the data provided by the Ministry of Labor, Ministry of Education, and Ministry of Finance were different one from each other and they often resulted in considerable disparity. The coupon suppliers' data came from their actual invoices to communities, being 100% reliable and providing a good overview (53–55).



The Role of Reality Check

In 2018, former OvR field director, Alina Seghedi, started “Reality Check” a separate NGO with the mission of improving public policies through applied monitoring (56). One of its early activities was an evaluation (49) of Law 248/2015's implementation in order to identify ways to assist localities where programme enrollment was low. They found that impediments to success included parents' difficulty in applying for the programme, misunderstandings about the methodology, the small incentive amount compared to the costs of getting children to school every day, and the lack of social workers or teachers proactively recruiting children. Based on these findings, Reality Check led a successful effort to amend the law. In April 2020, Parliament passed four amendments to take effect January 2021. The main changes are that children in families receiving social welfare payments (SFA) will automatically be eligible, the food coupon incentive doubles to 100 lei per month (€21), and mayors and school directors are required to organize information and enrolment campaigns twice annually14,15.




CONCLUSIONS

In 2015, Romania took an important step toward increasing disadvantaged children's participation in early education programmes through the passage of legislation creating a nationwide conditional cash transfer programme linked to preschool attendance.

In the years leading up to the law's passing, public authorities at both the local and national levels knew that early school abandonment was rampant in many poor rural communities, but did not have a long-term strategy nor had dedicated the resources to tackle it. Many communities had benefitted sporadically from short-term outside grants to address this, but most of these projects terminated as soon as the outside funding ran out, and therefore, never lasted long enough to take root in the community or to make any measurable difference in student outcomes16.

In hindsight, the absence of a scientific randomized control trail measuring the project's impact did not turn out to be a major hurdle to the passage of a national law. Still, project monitoring and quasi-experimental impact evaluation evidence, and (international) scientific evidence more broadly, was important in several ways. At the local level, data from the project documenting take-up of the food vouchers among beneficiaries and increased participation in kindergartens were essential in the early phase to mobilize interest and participation beyond the initial set of communities. This local evidence also helped support the narrative to get buy-in at the national level, alongside a body of international scientific evidence on early learning and conditional cash transfers.

More generally, OvR sought to address the challenge of low kindergarten participation among Roma and other disadvantaged children in a systemic approach that emphasized:

• Significant investment from local authorities: The local council was required to contribute at least €35 per child for school supplies as a precondition to participate in the programme;

• Long-term commitment from OvR: It was made apparent, from its continual communication, frequent on-site visits, and reliable food-coupon provision, that OvR intended to help develop, and sustain FCG;

• Medium-term management transition plan: In 2014, OvR introduced a process to wean programmes from management-dependence on OvR by giving well-functioning programmes more autonomy in local decision-making;

• Measuring results: Although a randomized control trial was not financially feasible, OvR conducted extensive project monitoring and supported an independent impact evaluation to support its advocacy. However, the independent research about the effectiveness of the programme was not crucial in scaling-up the FCG by passing legislation in 2015, but more to amend the law in 2019, by using the evidence on implementation challenges and possible solutions as a key argument in convincing MPs and government officials.

• Positive word of mouth: Over a 5-year period, informal communication among educators, social workers, mayors, and school inspectors facilitated the organic growth of the programme and created a positive word of mouth that eventually reached the ears of legislators; and

• Strategic advocacy of the programme, and of conditional cash transfers more generally, to the executive and legislative branches: An intensive advocacy effort, first by OvidiuRo, and then augmented independently by others, dovetailed with support from ambassadors and other public figures.

The Law 248/2015 was a major step forward in the effort to prepare children who had been neglected by the system to succeed in school. To ensure effective implementation of the law, OvR's leadership worked closely with the Ministries of Labor and Education on the “secondary legislation,” and OvR organized a country level outreach to inform and support communities in implementing the law.

In the opinion of OvR's founders, the biggest gain from the legislation was that it sent the unambiguous message to public authorities, teachers, and parents that early education was important. The local authorities were now expected to facilitate the registration and attendance of the community's most marginalized children. This was an entirely new mandate. The programme also sent the message to poor parents that their children were welcome in grǎdiniţ.ǎ. According to OvR's founders, the value of the food coupons was largely symbolic.
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FOOTNOTES

1The final vote in the Chamber of Deputies was 289 votes in favor, one against, and five abstentions. (4)

2A National Report Regarding Social Protection and Social Inclusion estimated that almost 25% of people under the age of 18 are of Roma ethnicity. (Bucharest, September 2006).

3Comparable to figures from Slovakia (34%) and the Czech Republic (34%), although lower than Bulgaria (66%) and Hungary (91%); https://fra.europa.eu/sites/default/files/fra_uploads/fra-2016-eu-minorities-survey-roma-selected-findings_en.pdf.

42018 amendments to article 16 of the 2011 Law stipulate the full extension of mandatory general education – including preschool - by 2023 (28).

5Barnett, (35).

6Heckman, (36).

7Harvard Center for the Developing Child.

8E.g., (37, 38).

92010-2011 OvR Annual Report, p. 13.

10from Norway, Iceland and Liechtenstein, and administered by FDSC.

11117 for, 0 opposed, with 2 abstentions. Investor Report: From Pilot to Policy: Changing Romania's Educational Future−3,000 Kindergartens at a Time, October 2016.

12When Gheorghiu, in the final Labor Committee hearing, questioned the wisdom of expanding from 45 programmes to 4,500, the committee chair said, “The poorest counties, which need it the most, can't afford it. We have to go national.” (Hawke, personal communication, July 2020).

13The amendments to the law, which passed in April 2020, require mayors and school directors to organize program information and enrollment campaigns twice a year.

14https://www.alexfund.org/fcglawevolution/

15Out of 329 MPs, 327 were present, 326 voted in favor and 1 against.

16OvR 5th Year Report to Partners, Stakeholders & Investors, 2015.
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Context: Anemia is a public health problem that can lead to growth, cognitive, and motor impairments.

Objective: To collate evidence on interventions for addressing childhood and adolescent anemia.

Methods: In this overview of systematic reviews, we included Cochrane as well as non-Cochrane systematic reviews (SRs) irrespective of language and publication status. Two sets of review authors independently screened articles for eligibility and extracted data from relevant SRs. We present data in a tabular format and summarize results based on outcome reported, age of participants, and type of interventions. We also adopt a “measurement for change” approach to assess the utility of measurement for development of interventions in childhood and adolescent anemia.

Results: Our search yielded 2,601 records of which 31 SRs were found eligible for inclusion. Results were favorable for fortification and supplementation with clear reduction in the risk of anemia and increase in hemoglobin levels across all age groups. Other interventions reported by the SRs were inconclusive and suggest further research.

Conclusions: Current evidence suggests that fortification or supplementation with iron and micronutrients leads to better reduction in the risk of anemia and improvements in hemoglobin levels among children and adolescents. Results of this overview can help decision makers in informing selection of interventions to address childhood and adolescent anemia.

Review Registration: PROSPERO CRD42016053687.

Keywords: childhood anemia, adolescent anemia, supplementation, fortification, overview of review


INTRODUCTION

Anemia is a condition in which there is either a decrease in the number of red blood corpuscles (RBCs) or a decrease in the total amount of hemoglobin (Hb) (1). The World Health Organization (WHO) defines childhood anemia as Hb concentration below 11 grams per deciliter in children between 6 and 59 months, below 11.5 grams per deciliter in children between 5 and 11 years, and below 12 grams per deciliter in children between 12 and 14 years of age (2).

The highest burden of anemia is in low- and middle-income countries (LMICs). Estimates show that almost 90,000 deaths have occurred due to iron deficiency anemia across all age groups (3). India, with ~89 million children with anemia is the highest contributor of childhood anemia (4, 5). Iron deficiency anemia is the most common cause of anemia on a global level. Other causes of childhood anemia include nutritional deficiencies, such as deficiency of folic acid, iron, or vitamin B12; chronic conditions, such as inflammatory disorders; and parasitic infestations (2). Disorders associated with synthesis of hemoglobin, formation of RBCs, or survival of RBCs are the other, less common causes of anemia in children (2). Malaria, HIV, tuberculosis, and helminthic infestations have been reported to lead to substantial burden of anemia, especially in developing countries (2, 6, 7). The severity of anemia is higher in children under 8 years old as compared with children over 8 years (8). Regardless of the etiology of anemia, impaired physical growth, motor development, and cognitive development have been observed in anemic children (7, 9–12).

WHO and the United Nations International Children's Emergency Fund (UNICEF) recommend multipronged public health preventive strategies, such as supplementation of nutrients, fortification of food with nutrients, educational interventions, and prevention and control of parasitic and protozoal infestations (13).

Our comprehensive search strategy reveals many systematic reviews (SRs) that assess the efficacy of different public health interventions for addressing childhood anemia. However, no synthesis of these reviews has been reported in an overview. Hence, the Indian Council of Medical Research (ICMR) task force on childhood and adolescent anemia commissioned this overview in order to collate evidence on the efficacy of various interventions in addressing childhood and adolescent anemia in order to inform programs and a future research agenda. This review could serve as a baseline for clinicians, stakeholders, and decision makers to intervene in childhood and adolescent anemia.



METHODS

A letter of intent was invited from Indian scientists with experience in evidence synthesis. A review team of experienced researchers was constituted to work on the overview of SRs. The protocol was registered in the PROSPERO prospective register of systematic reviews (Registration number: CRD42016053687) after consultation with national experts (14).


Inclusion Criteria

Irrespective of language and publication status, we included SRs, evaluating the effect of

1. Any one intervention, or

2. Combination of interventions, such as iron of ferrous sulfate (FS) or zinc (Zn) or multi micro nutrients (MMN) or vitamin supplementation, or

3. Iron or FS or Zn or MMN or vitamin fortification, or

4. Anti-helminthic treatment

5. Treatment or prevention of malaria, or

6. Treatment of H. pylori, or

7. Water, sanitation, and hygiene (WASH) interventions.

We included SRs designed for addressing anemia in children between 6 months and 19 years of age. We included studies regardless of gender, study setting, and severity of anemia. We excluded non-SRs, SRs targeting populations other than children and adolescents, those done on overtly diseased children or adolescents, those providing data on overlapping age groups, and SRs that did not assess the outcomes of interest of this overview. We assessed outcomes, namely anemia, Hb levels, and adverse events.



Search Methods for Identification of Reviews

We searched the electronic sources listed below between February 8, 2018, and February 10, 2018, and further updated searches between January 5, 2019, and February 7, 2019: Cochrane Database for Systematic Reviews, MEDLINE via PubMed, Database of Abstracts of Reviews of Effects, Cumulative Index to Nursing and Allied Health Literature (CINAHL), Excerpta Medica dataBASE (EMBASE), Campbell Collaboration Online Library of Systematic Reviews (www.campbellcollaboration.org/library.html), Database of Promoting Health Effectiveness Reviews (https://eppi.ioe.ac.uk/webdatabases4/Intro.aspx?ID=9), and 3ie Database of Systematic Reviews. The review team, in consultation with an information specialist (RV), decided potential key words to be used for this evidence summary. We developed the search strategy for CENTRAL as in Supplementary File 1. In addition, we hand-searched the bibliographies of all eligible reviews, pertinent clinical guidelines, and textbooks to find relevant reviews. We also communicated and requested specialists in this field to provide related unpublished work.



Selection of Reviews

We undertook screening of SRs using Covidence SR software (15). Two overview authors (PM and RH) independently screened all SRs (retrieved in the search process) on the basis of title and abstract. Two overview authors (RH and NK) then independently screened the full texts of identified reviews for inclusion. A third reviewer (BU) resolved disagreement among primary reviewers through discussion. We prepared a PRISMA flow diagram to map the inclusion and exclusion of SRs (16).



Data Extraction

We developed and pilot-tested our data extraction form for its suitability and usability. Three review authors (AS, PM, and NK) independently extracted data regarding characteristics of the included participants, interventions, comparisons, outcomes, and methodological quality of the included reviews. We contacted reviewers to seek missing information if any.



Methodological Quality of Included Reviews Summarized in the Overview

Two review authors (AS and PM) independently evaluated the methodological quality of included reviews with the Revised Assessment of Multiple Systematic Reviews (R-AMSTAR) tool (17, 18).



Data Synthesis

We followed standard procedures given by the Cochrane Handbook for Systematic Reviews of Interventions (19). We obtained data from included SRs and presented them in a tabular and graphical format. In case of duplicate publications, we considered them as a single report. We summarized results based on outcome reported, age of participants, and type of interventions as risk ratio (RR), mean difference (MD), standardized mean difference (SMD), or weighted mean difference (WMD) with 95% confidence intervals (95% CI). As an overview, we mainly focused on summarizing and thematically categorizing the intervention and its effectiveness and not taking a more interpretative approach during synthesis.




RESULTS


Search Results

Our search yielded 2,601 records. After removal of duplicates, 2,204 records remained, and they were screened for title and abstract. At this stage, we excluded 2,043 articles, and a total of 161 full-text articles were screened for eligibility. We excluded 130 articles and included 31 SRs that met our inclusion criteria (Figure 1).


[image: Figure 1]
FIGURE 1. Preferred reporting items for SR and meta-analysis: the PRISMA flow diagram for inclusion and exclusion of studies.




Description of Included Reviews

We included 31 SRs in this overview, the salient features of which are depicted in Table 1.


Table 1. Characteristics of the included systematic reviews.

[image: Table 1]

We included nine Cochrane reviews (20, 21, 28, 31, 38, 41, 46, 49, 50) and 22 non-Cochrane SRs (22–27, 29, 30, 32–37, 39, 40, 42–45, 47, 48). Except for Cembranel et al. (23), all other reviews are in the English language. Updating the version of existing SRs was reported only by Cochrane reviews. The review by Neuberger et al. (21) is the updated version of previous publications (51, 52). Taylor-Robinson et al. (46) is updated from a previous five Cochrane reviews (53–55). One Cochrane review by De-Regil et al. (38) has been reprinted in a Cochrane review journal (56), and hence, to avoid duplication, we considered both reviews as a single report (38). Abdullah et al. (27), Best et al. (39), McDonagh et al. (42), and Dangour et al. (49) did not undertake meta-analysis.

Included reviews differed in the age groups of participants: 11 reviews included participants <5 years of age (23, 25–27, 30, 33, 35, 36, 38, 40, 41). Low et al. (20), Das et al. (34), and Huang et al. (48) included participants of age groups beyond the inclusion range in our overview, but they reported separate data for children as a subgroup analysis and, hence, were included. Aaron et al. (32) included a trial on pregnant women that was not included in the meta-analysis of anemia. Another review (35) considered included women but did not identify studies on women and, hence, was included in this overview. Except for Low et al. (24), all included reviews included participants of both genders. All SRs except McDonagh et al. (42) included studies from LMICs and developing countries. Sun et al. (45) included specifically the Chinese population. One SR included studies each on children from malaria endemic areas (21), areas endemic for intestinal helminths (46), and areas endemic for anemia (50).

Reviews covered an array of interventions for prevention, control, and/or treatment of anemia in children and adolescents. We found 11 reviews on iron supplementation (20–29, 44). Six reviews were on fortification (28, 30, 33, 35, 39, 57); five reviews on supplementation with fortification (41–45); two reviews on deworming (46, 47); and one review each on H. pylori treatment (48), WASH intervention (49), and antimalarial intervention (50).



Effects of Interventions
 
Anemia

A total of 18 SRs addressed the effect of different interventions on anemia in children and adolescents (20–25, 28, 30–36, 40, 41, 45, 50) (Table 2 and Figure 2). We did not find any review that assessed the effect of treatment of deworming, H. pylori infection, or WASH intervention on anemia status.


Table 2. Findings for anemia in included systematic reviews.
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FIGURE 2. Findings of systematic reviews on anemia.


In infants, iron fortification decreased the risk of anemia by 58% (RR = 0.42, 95%CI = 0.24–0.72; six studies; 1,234 participants; moderate QoE) (34) and MMN fortification by 41% (RR = 0.59, 95%CI = 0.50–0.70; three studies; 1809 participants; low QoE) (34).

In children under 2 years of age, home fortification, when used as a preventive measure, showed maximum reduction in the risk of anemia by 46% (RR = 0·54, 95%CI = 0.46–0.64; 4,331 participants 6M−2Y) (40). However, when used as a treatment measure, it led to an insignificant increase in the risk of anemia by 4% (RR = 1.04, 95%CI = 0.76–1.41; 1,263 participants 6M−2Y) (40). In the same age group, iron supplementation significantly reduced the risk of anemia by 39% (RR = 0·61, 95%CI = 0.50–0.74; I2 = 86%; 17 studies; 4,825 participants 4–23M) (25), followed by home fortification with MMP (compared to placebo/no intervention) by 31% (RR = 0.69, 95%CI = 0.60–0·78; I2 = 19%; six studies; 1,447 participants 4–23M; moderate QoE) (38).

Milk fortification significantly reduced the odds of anemia in healthy children between 6 and 47 months old by 64% (OR = 0.36, 95%CI = 0.14–0.91) (30). Fortification of food with iron and MMN (RR = 0.43, 95%CI = 0.26–0.71; I2 = 80.5%; seven studies, 1,927 participants 6M−5Y) (36) and intermittent iron supplementation (RR = 0.43, 95% CI = 0.23–0.80; four studies; 658 apparently healthy children <5 years) (28) reduced the risk of anemia significantly by 57%, followed by fortification of milk and cereals with iron by 50% (RR = 0.50, 95%CI = 0.33–0.75; I2 = 71.2%; 11 studies; 3,100 participants 6M−5Y) (36), and point-of-use fortification of milk with MMP by 36% (RR = 0.64, 95%CI = 0.44–0.93; I2 = 73%; six studies; 1,706 participants 2–5Y) (31). Single-iron fortification of milk (RR = 0.76, 95%CI = 0.45–1.28; I2 = 0%; four studies; 1,173 participants 6M−5Y) (36), daily doses of FS (RR = 0.73, 95%CI = 0.49–1.09; I2 > 75%; participants aged <5Y) (23), and weekly doses of FS (RR = 0.64, 95%CI = 0.27–1.54; I2 > 75%; participants <5Y) (23) showed insignificant reductions in the risk of anemia by 36, 27, and 24%, respectively.

In preschool and school-age children, MMN fortification showed a maximum reduction in the risk of anemia by 55% (RR = 0.45, 95%CI = 0.22–0.89; five studies; 1,246 participants) (34), followed by iron fortification by 40% (RR = 0.60, 95%CI = 0.43–0.84; 10 studies; 2,013 participants) (34), point-of-use fortification of food with micro nutrient powders (MNP) by 34% (RR = 0.66, 95%CI = 0.49–0.88; I2 = 73%;10 studies; 2,448 participants; moderate QoE) (31), and point-of-use fortification of food with iron, vitamin A, and Zn by 28% (RR0·72, 95%CI = 0.65–0.80; I2 = 0%; seven studies; 1,705 participants with malaria) (31). In children with malaria, point-of-use fortification of food with MNP insignificantly reduced the risk of anemia by 43% (RR = 0.57, 95%CI = 0.29–1.14; I2 = 83%; four studies; 934 participants with malaria) (31).

In apparently healthy children under 12 years of age, maximum reduction in the risk of anemia is seen with intermittent iron and MMN supplementation by 84% (RR = 0.16, 95%CI = 0.06–0.44; one study; 107 participants <12 years) (28), followed by intermittent iron supplementation (iron alone) by 52% (RR = 0.48, 95%CI = 0.31–0.74; six studies; 1,074 participants <12 years). Daily iron/folic acid (FA)/MMN supplementation showed better results as compared with intermittent iron/FA/MMN supplementation (28).

Daily oral iron supplements with or without other vitamins (FA or vitamin C) reduced the risk of anemia in children between 12 and 18 years by 68% (RR = 0.32, 95%CI = 0.11–0.93; I2 = 97%; four studies; 2,169 participants) (20), and in children between 3.3 and 15 years reduced the risk of anemia by 50% (RR = 0.50, 95%CI = 0.39–0.64; I2 = 85%; seven studies; 1,763 participants) (24). Administration of non-dairy, MMN-fortified beverages in children between 5 and 18 years in LMICs effectively reduced the risk of anemia by 37% (RR = 0.63, 95%CI = 0.54–0.73; I2 = 17%; six studies; 2,995 participants) (32). In malaria-endemic areas, additional supplementation of iron along with antimalarial treatment reduced the risk of anemia by 56% (RR = 0.44, 95%CI = 0.28–0.70; I2 = 40%; two studies; 295 participants <18Y), followed by iron and FA supplementation by 51% (RR = 0.49, 95%CI = 0.25–0.99; I2 = 49%; three studies; 633 participants <18Y), and iron supplementation by 37% (RR = 0.63, 95%CI = 0.49–0.82; I2 = 97%; 15 studies; 3,784 participants <18Y) (21).



Hb Levels

Twenty-five reviews addressed the effect of different interventions on Hb levels in children and adolescents (20–26, 28–31, 33–38, 40, 41, 43, 44, 46–48, 50) (Table 3 and Figure 3). We did not find any review that assessed the effect of WASH intervention on Hb status.


Table 3. Findings for hemoglobin in included systematic reviews.
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FIGURE 3. Findings of SRs on Hb.


In infants, MMN fortification showed maximum improvement in Hb (SMD = 1.05, 95%CI = 0.48–1.63; seven studies; 1,508 participants; moderate QoE) (34), followed by iron fortification (SMD = 0·81, 95%CI = 0.31–1.31; 12 studies; 1,834 infants; moderate QoE) (34).

In children under 2 years old, daily iron supplementation showed significant improvements in Hb (MD = 7.22 g/L, 95%CI = 4.87–9.57; I2 = 94%; 26 studies; 5,479 participants 4M−2Y) (25), followed by MMN fortification (MD = 5.87 g/L, 95%CI = 3.25–8.49, six studies, 1,447 participants 6M−2Y) (38), and home fortification (5.06 g/L; 95%CI = 2.29–7.83, 22 studies, 2,449 participants 6M−2Y) (40). Home fortification did not show a significant impact on Hb levels as compared with iron drops (−0.91 g/L; 95%CI = −11.96–10.14; 1,263 participants 6M−2Y) (40) or iron supplements (MD = −2.36 g/L; 95%CI = −10.30–5.598, I2 = 78%, two studies, 278 participants 6M−2Y) (38).

In children under 5 years old, maximum improvement in Hb levels was seen with MMN fortification (MD = 0.87 g/dL, 95%CI = 0.57–1.16; I2 = 82%; eight studies; 1,803 participants 6M−5Y) (36), followed by daily iron supplementation (MD = 6.97 g/L, 95%CI = 4.21–9.72; I2 = 82%; nine studies; 1,690 participants 2–5Y; high QoE) (26), intermittent iron supplementation (MD = 6.45 g/L, 95%CI = 2.36–10.55; nine studies, 1,254 apparently healthy participants <5Y) (28), iron fortification of milk and cereals (MD = 0.62 g/dL, 95%CI = 0.34–0.89; I2 = 86.2%; 13 studies, 2,274 participants 6M−5Y) (36), and daily FS supplementation (MD = 0.56 mg/dL, 95%CI = 0.31–0.81; 14 studies; participants <5Y) (23). Insignificant changes were observed with fortified milk (MD = 5.89 g/L, 95%CI = −0.24–12.02) (30), point-of-use fortification of food with MNP (MD = 2.02 g/L, 95%CI = −0.87 to 4.92) (31), single iron fortification (MD = 0.20 g/dL, 95%CI = −0.05 to 0.45) (36), and weekly FS supplementation (MD = 0.28 mg/dL; 95%CI = −0.22 to 0.78) (23).

The maximum effect on Hb in preschool and school-age children was seen with iron fortification (SMD = 0.46, 95%CI = 0.24–0.67; 16 studies; 3,832 participants; moderate QoE) (34) and MMN fortification (SMD = 0.45, 95%CI = 0.12–0.79; seven studies; 1,543 participants; moderate QoE) (34) followed by point-of-use fortification with MMN (MD = 3.37 g/L, 95%CI = 0.94–5.80; 11 studies; 2,746 participants; low QoE) (31). In apparently healthy children under 12 years of age, intermittent supplementation with iron alone or in combination with other nutrients effectively increased Hb concentrations, and this positive response did not differ between frequency or duration of supplementation or age of children (28).

In children under 15 years of age, daily iron supplementation (MD = 8.38 g/L, 95%CI = 6.21–10.56; I2 = 97%; 28 studies; 6,545 participants 3.3–15Y) (24) and iron with micronutrient supplementation (WMD = 0.69 g/L, 95%CI = 0.48–0.91; 18 studies; participants <15Y) showed better improvements in Hb than iron with micronutrient fortification (WMD = 0.61 g/L, 95%CI = 0.40–0.81; 15 studies; participants <15Y) (43). A school-based deworming program resulted in a decreased prevalence of anemia (WMD = 1.62, 95%CI = 1.01–2.25; I2 = 0%; eight studies; 1,005,239 participants) (47).

In children under 18 years of age, point-of-use fortification of food with MMP showed maximum though insignificant improvements in Hb levels (MD = 7.86 g/L, 95%CI = −0.76–16.49; three studies; 524 participants ≥5Y) (31). Daily oral iron supplementation with or without other vitamins (MD = 6.99 g/L, 95%CI = 3.85–10.13; I2 = 95%; 10 studies; 3,220 participants 12–18Y) (20) and MMN-fortified beverages (2.76 g/L, 95%CI = 1.19–4.33; eight studies; 3,855 apparently healthy participants 5–18Y) showed significant improvements (32). Also, there was a substantially higher increase in Hb concentration from iron interventions (WMD = 1.49, 95%CI = 0.46–2.51; 16 studies; 2,542 participants 6M−18Y) (29) than oral iron supplementation (WMD = 0.79 g/dL, 95%CI = 0.65–0.94; 82 studies) and iron fortification (WMD = 0.25 g/dL, 95%CI = 0.02–0.52; nine studies; participants <18Y) (44). Fortification of food with vitamin A substantially increased Hb concentrations in children under 18 years of age (SMD = 0.48, 95%CI = 0.07 = 0.89; two studies; 1,538 participants <18Y), with iron (SMD = 0.67, 95%CI = 0.36–0.97; 20 studies; 4,176 participants <18Y from UMHICs), and with MMN (SMD = 0.50, 95%CI = 0.21–0.78; eight studies; 1,769 participants <18Y from LMICs) (34).

In children under 18 years of age residing in malaria-endemic areas, iron with antimalarial treatment (MD = 0.91 g/dL, 95%CI = 0.47–1.35; one study; 151 participants <18Y) and iron with FA supplementation (MD = 0.90 g/dL, 95%CI = 0.51–1.29; one study; 124 participants <18Y) showed better results as compared with iron-only supplementation (MD = 0.75 g/dL, 95%CI = 0.48–1.01; I2 = 93%; 16 studies; 5,261 participants <18Y) (21). There is low-quality evidence that community deworming has little or no effect (MD = 0.02 g/dL, 95%CI = −0.05 to 0.09; I2 = 0%; two studies; 464 participants <16Y) and that, in programs that treat only infected children, a single dose of deworming may improve Hb (MD = 0.37 g/dL, 95%CI = 0.10–0.64; two trials; 108 participants <16Y; low QoE) (46). Additional H. pylori eradication therapy along with iron administration provided better improvements in iron deficiency anemia than iron administration alone (WMD = 11.77 g/L, 95%CI = 2.40–21.15; I2 = 90%; four studies; participants <18Y) (48).



Adverse Events

A total of six reviews addressed the adverse effects of different interventions for preventing, treating, and controlling anemia (21, 22, 24, 25, 28, 31) (Table 4). We did not find any review that assessed the adverse effects of antimalarial intervention, deworming, H. pylori treatment, or WASH interventions.


Table 4. Findings for adverse events of different interventions for addressing childhood anemias in included systematic reviews.

[image: Table 4]

In children between 4 months and 2 years, there is an uncertain effect of risk of adverse events with iron supplements as compared with controls with a 10% increase in the risk of any adverse event (RR = 1.10, 95%CI = 0.98–1.25; I2 = 0%; three studies, 912 participants), 38% increase in the risk of vomiting (RR = 1.38, 95%CI = 1.10–1.73; I2 = 1%; three studies, 1,020 participants), and 3% increase in the risk of diarrhea (RR = 1.03, 95%CI = 0.86–1.23; I2 = 0%; six studies; 1,697 participants) (25).

In apparently healthy children under 12 years of age, intermittent supplementation of iron alone or with other nutrients showed a 3.87-times risk of any adverse events (RR = 3.87, 95%CI = 0.19–76.92; one study; 53 participants) (28). However, the risk of any adverse events was 40% less (RR = 0.60, 95%CI = 0.19–1.87; I2 = 87%; four studies; 895 participants), and the risk of diarrhea was 1.17 times higher (RR = 1.17, 95%CI = 0.60–2.28; I2 = 0%; one study; 122 participants) with intermittent iron supplements with or without other micronutrients as compared with daily iron supplements with or without other micronutrients (28). There is an insignificant effect of food fortification on adverse effects (RR = 1.09, 95%CI = 0.16–7.42; one study; 90 participants; moderate QoE) and diarrhea (low QoE) in preschool and school-age children (31). The risk of gastrointestinal upset was 1.3 times higher (RR = 1.30, 95%CI = 0.89–1.91; I2 = 0%; four studies; 576 participants), constipation was 3.44 times higher (RR = 3.44, 95%CI = 0.66–19.68; I2 = 6%; two studies, 202 participants), and vomiting was 14% lower (RR = 0.86, 95%CI = 0.13–5.67; I2 = 0%; two studies; 202 participants) with iron supplements in school-aged children between 3.3 and 15 years (24).

In children under 18 years old residing in malaria endemic areas, there is a significantly higher risk of diarrheal episodes per patient-month by 15% with iron supplements (RR = 1.15, 95%CI = 1.06–1.26; eight studies; 23,912 participants) and by 29% with Zn supplements (RR = 1.29, 95%CI = 1.15–1.44; I2 = 30%; three studies, 6,346 participants) (21).





DISCUSSION

We evaluated 31 SRs that assessed the effects of different interventions for addressing anemia in children and adolescents. The highest number of SRs addressed food fortification and iron supplementation. None of the reviews were from India or included participants from India. Overall, the quality of the evidence reported by the SRs varied between moderate to low (Supplementary File 2).

In infants, iron fortification showed better results as compared with MMN fortification (30, 34). In children between 4 months and 2 years of age; home fortification, when used as a preventive measure, showed significant reduction in the risk of anemia followed by iron supplementation (25, 38, 40). However, when used as a treatment measure, home fortification insignificantly increased the risk of anemia (40). This difference in the effect of home fortification when used as a preventive measure and as a treatment measure might be because the prevention trials were conducted on unselected populations, and the participants in the control group did not receive any treatment. On the contrary, the therapeutic trials were conducted on anemic subjects, and the participants in the control received medicinal iron drops (40).

In children under 5 years old and in school-age children, fortification of food with iron and MMN showed better improvement in Hb (moderate QoE) (34, 36). In apparently healthy children under 12 years old, intermittent supplementation of iron alone or in combination with other nutrients significantly increased Hb concentrations, and this positive response did not differ with frequency or duration of supplementation or age of children (28). The risk of anemia is higher with intermittent iron/FA/MMN supplementation as compared with daily iron/FA/MMN supplementation (28). A school-based deworming program resulted in a decrease in the prevalence of anemia in children (47). Programs that combined interventions, such as deworming with iron and nutrition supplementation, led to better effects as compared with single interventions (47). Daily oral iron supplementation with or without other vitamins (20, 24) and MMN-fortified beverages (32) showed maximum reduction in the risk of anemia in children between 3.5 and 18 years. In malaria endemic areas, iron supplementation with antimalarial treatment reduced the risk of anemia (21). There is low-quality evidence that community deworming has little or no effect (46).

In summary, results were favorable for iron with MMN fortification until school age and iron with MMN supplementation in older children with a clear reduction in the risk of anemia and increase in Hb among the intervention groups of individual SRs. However, other interventions reported by SRs were inconclusive and all SRs suggested further research on the same.

The chances of developing anemia were less in children who received daily supplements as compared with those who received intermittent supplements. However, studies suggest that, in places and settings in which daily supplementation is not practical, intermittent supplementation can be used as a public health intervention to address childhood anemia. We did not find any review that assessed the effect of treatment of deworming, H. pylori infection, or WASH intervention on anemia status.

Limitations of the review: This overview examined the available evidence with respect to interventions addressing childhood and adolescent anemia without any restrictions on the type of interventions or language of publication. We did not restrict the search to Cochrane reviews, and inclusion of non-Cochrane reviews makes it more comprehensive. However, wide physiological variations during different stages of childhood could make the uniform application of interventions difficult. We acknowledge that not all SRs included in this overview were up to date. We found limited reviews on deworming, antimalarial interventions, H. pylori intervention, and WASH intervention, and hence, there is a need for primary studies in these areas. Some SRs did not consider socio-economic or nutritional status at baseline or did not report this clearly, which could have had an influence on some findings. In some reviews, there were too few data to reach a firm conclusion.

Strengths of the review: We estimate the potential bias in this overview as low. We followed the Cochrane handbook for methodology (19). The search was as comprehensive as possible. Screening of studies, data extraction, and assessing the methodological quality of reviews were done in duplicate. The authors of this review are from diverse disciplines (e.g., public health, biostatistics, nutrition, physiology, and maternal and child health), and this internal diversity may be an asset of this overview.

After an extensive literature search, we did not come across any overview of SRs that has addressed this area. This overview can help healthcare providers, consumers, public health specialists, and decision makers by providing a “bird's-eye view” of the efficacy of different public health interventions across reviews and age groups.


Implications of All the Available Evidence

This overview identified interventions that had favorable effect sizes (which public health experts might contemplate using) as well as interventions that were mostly ineffective (which public health experts might want to restrict). More research is needed to assess the effect of deworming, antimalarial intervention, H. pylori treatment, and WASH intervention on anemia. Also, better recording of adverse events in primary studies is needed.




CONCLUSION

Results were favorable for iron and MMN fortification and supplementation with a clear reduction in the risk of anemia and increase in Hb levels across all age groups. Other interventions reported by the SRs were inconclusive and suggest further research. MMN improves outcomes better than single micronutrients. Also, better recording of adverse effects of different intervention is needed.
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Background: This article describes the integration of an innovative network-mapping tool within a monitoring, evaluation and learning system. We describe how it serves to strengthen vulnerable families to care for their children. We discuss the use of this tool as part of the process of measurement for change in the preparation for the sustainable scaling of programme implementation. Tajikistan has a legacy of Soviet-style institutional care of children. Traditionally, very young children separated from their families have been cared for in institutional baby homes. This research is part of a wider project to transform these baby homes into community-oriented Family and Child Support Centres.

Methods: We mapped the networks of child support experienced by parents and service providers. We used interactive, semi-structured interviews, and the tool evolved through an iterative process. We generated data to describe the connexions between children, families, professionals and supporting organisations. The resulting information revealed strengths and weaknesses in support provided, attitudes and perceptions towards the quality of the support as well as identifying processes through which changes strengthening the system can be stimulated.

Results: The data showed that the main support for children comes from within their immediate household, but, over time, more distal support gained value. Variation in the networks of support related to gender, specific subgroups of need and location. Gender was the most influential determinant of patterns of support. Mothers' knowledge of service provision, represented by a greater number and variety of contacts on their network-maps, was more diverse than fathers'. In contrast, fathers' more limited networks showed connexions to individuals and organisations with potentially more powerful decision-making roles. Participation in the discussions around the network-mapping contributed towards a change in the use of data and evidence in the implementation team.

Conclusions: Network-mapping is a valuable and adaptable tool that feeds into monitoring and evaluation at multiple levels. The process reveals the nature and extent of relationships of support for childcare and protection. It exposes the changes in these networks over time. Both the information provided and the process of collection can enrich care plans, create links within the network and inform decision-making that improves efficacy of delivery as we move to scale.

Keywords: network-mapping, care partnerships, child support, communication, inclusion


INTRODUCTION

Keeping families together creates continuity in the support necessary for a child to make a successful transition to healthy adulthood (1). The UK NGO HealthProm1 began work in Tajikistan in 2006 with a mandate from the Dushanbe City Health Department. The overall objective was to transform the institutional focus of infant support from the Baby Homes into community-based family support networks. To stimulate radical transformation of a system requires careful, considered planning at multiple levels (2, 3).

HealthProm has worked on the Putting Families First (PFF) project in collaboration with government departments, local NGO partners, staff of the Baby Homes and international partners to establish family support services next to all the Baby Homes. The specific objectives are to provide vulnerable families with a more effective alternative to institutional care for their young children; to strengthen practises of nurturing care and child protection; and, to build alternative family based care for children who cannot live with their birth parents.

Through this partnership centres have been established that offer a range of services to support families at risk of abandoning a child. Individualised programmes meet the needs of families either facing difficult life situations or caring for children living with a disability. Services offered include physical and speech therapy, parent training, social welfare and psychological support. We have gained increasing support from the community. In 2019 we received official recognition of the shift towards community oriented child support. The Ministry of Health and Social Protection of the Population, and Local Government Authorities agreed new regulations to merge the Family Support Centres and the Baby Homes forming new community-oriented Family and Child Support Centres.

This article describes how we used a network-mapping tool to reveal the relationships that impact upon the community based system for long-term care of vulnerable children. The tool forms an integral part of monitoring and evaluating the theory of change that guides the PFF programme. We sought proof of the concept that replacing institutional care in Tajikistan with an innovative set of interventions has a positive effect on child development. Central to the theory of change is strengthening families to support their children's development. A tool that examines social interactions and social support was seen to be an essential part of the suite of tools required to produce evidence of this pathway (4). The information provided guides project development and steers its sustainable implementation at scale.



CONTEXT

At independence in 1991 the country inherited a state-run care system for children that was almost entirely institution based. Alternative support systems provided by the non-state sector were very limited and uncoordinated. Very young children whose families struggled to care for their children because of social, economic pressures, or who felt unable to manage their child's disability were placed in state-run Baby Homes. In law, these Baby Homes were closed institutions. This restricted family contact, and left the care of children to the staff who worked on a rota system and had inconsistent contact with their charges. Although children in the Baby Homes were provided with basic needs, they were exposed to the potential for significantly disrupted attachment (5).

Tajikistan is predominantly a traditional rural society (6) where children live as part of an extended family household. The micro-level of a baby and parent dyad and the meso level of multigenerational kin tend to be merged into wider family units (7) (See Figure 1). Several related families often live around a communal courtyard. An informal network extends beyond kin into the local farming community where households merge and interact through shared economic and cultural activities.


[image: Figure 1]
FIGURE 1. Bronfenbrenner's analytic model and its application in the context of Tajikistan.


This traditional model does not hold for the 27.3% of the population who live in urban areas2 and for families who have been excluded socially. Mothers and children are at risk of exclusion when a child's father remarries or moves abroad to work. In 2019, 484,000 Tajiks migrated abroad for work.3 With these more vulnerable children and parents, there is a greater barrier to wider family support as the parent/child dyad lives isolated from extended family, usually in an apartment or less stable urban locations.

The local environment comprises a range of local government administration, health and education services. At the most grass-roots level of local government, the Mahala Committees address street-level matters. Access to government services in health and education is dependent upon appropriate registration. Unregistered families are excluded. Local Government Authorities provide a basic safety net of social protection through Child Rights Units. Families can receive a degree of social protection from the state, such as small pensions, but not a comprehensive and coordinated network of care and support. Practical advice for families, parenting programmes and child development services are only provided by a few non-governmental organisations, such as HealthProm's local partners.

We took Bronfenbrenner's Ecological Systems Theory (EST) (8) as our conceptual framework and used network-mapping to draw out information on the support provided at different degrees of separation from the family. We applied this model through multi-layered maps to explore the nature and degree of parent and child interactions within the social system unique to Tajikistan.



KEY PROGRAMMATIC ELEMENTS

To describe in detail the networks of support and to stimulate conversations around providing nurturing care we followed a process outlined in Figure 2. This captures the cyclical, interconnected, nature of the activities labelled anti clockwise as Stage A (Design) to Stage D (Review). While each activity focus depends upon completing a previous stage, we also drew upon the experience of later stages to refine and improve our procedures (9).


[image: Figure 2]
FIGURE 2. Network-maps -the details of the programmatic elements.


Thus, the formative component of the project Stage B (Information Gathering) both informs the next step Stage C (Application) and is informed by it. Likewise Stage D (the Review of Policy and Practise), both influences decision making at the meso and macro level, as well as guiding future Design (Stage A) as the project transitions to scale.


Stage A. The Process of Design

The network-mapping sessions were designed to strengthen the networks of support in multiple ways. Strengths, weaknesses and suggested improvements in the existing networks were to be identified using the maps. The sessions were to provide a forum for sharing knowledge and making bonds between families in need. The changes observed over time tracked the influence of the PFF intervention on the support network. By sharing information on patterns and trends with policy-makers, we intended to strengthen communication channels between the different levels of support. Ethical approval for this process was granted by the Ministry of Health, and informed consent obtained from participants prior to each session.

The initial objective was to develop a process to monitor systematically the childcare networks of families receiving support from the PFF programme. Two monitoring and evaluation consultants, one local and one international, guided the design phase. Working with the management and service delivery teams, materials and methods were evaluated to ensure the language used was accessible and that processes were feasible to administer and engaging for participants. The process of design was guided by the following questions, “Are participants actively contributing to the sessions?” And, “Are we able to capture the contributions systematically and accurately?”

We selected Network-maps4 (10) as the template for our information gathering process, making modifications to fit our focus and our context. Given that adaptations were made, we have chosen to use the term network-mapping to describe the process utilised in this study. Modifications included building into the data capture process five levels of support suggested by the Bronfenbrenner EST model (see Figure 1 above). Participants were asked to reflect upon support/services they received at each of the five levels described, the Immediate, Close, Regional, National, and International. We found that participants related with ease to this framework as a way of organising their experiences.

The maps summarised the collective experience of the participants, derived through consensus within each group. Information shared by participants was first captured on coloured sticky notes. The participants arranged these notes on a single sheet. Information on attributed value and motivation were added to the sticky notes. The sticky notes meant that they could, in the course of the conversation, return to the details, make adjustments, ask questions and add their own comments and contributions. The maps produced provided participants with a concrete way to see how their network was built. An example is provided in Figure 3 below.


[image: Figure 3]
FIGURE 3. An example net-map.


The network-mapping sessions also provided the opportunity for participants to share their personal experiences as a caregiver, as well as their experience of the PFF intervention and of other services. We captured these narratives in the meeting notes.

We designed separate data capture forms to provide a systematic framework for making comparisons between groups and sub groups of participants.5 These forms captured details on the following characteristics of support:

1. Source of support: defined by their role or organisation name.

2. Type of support: categorised as Services Directly to the Child, Integrating the Child into Community and or Family Systems, Skill Development, Resources Supplied, the Promotion of Child Protection.

3. Perceived value/level of importance: categorised as minimal, some value, very important/valued.

4. Motivation attributed to the provider: categorised as Social Responsibility (because they care about the child), Social Change (because they want to create change), Personal or Professional Responsibility (in the course of meeting their expected role or responsibilities).

These characteristics were rated according to categories suggested by responses given in the first round of sessions, and validated through application in later rounds. Data tables provided a summary of the ratings across each characteristic.

As this was an experimental process we chose to use one key facilitator to run all of the sessions. This had the advantage that diverse groups of informants were managed in a consistent way. It also provided a coordinated approach to data capture, analysis, application and reflection. Using a facilitator not directly involved in service delivery or programme management was seen as a key factor in stimulating the high degree of candidness with which parents shared their opinions and feelings. However, the key facilitator had to cover large distances over remote mountainous terrain,6 and this placed limitations on the timing of the rounds of network-mapping sessions. The facilitator found the tool increasingly easy to apply.

The perspective of the primary or key caregiver was the main focus of the initiative; however, we included sessions with care staff and team managers as part of the process of review and reflection on developing individualised care plans. Initially all parents who were registered at the Family and Child Support Centres were given an open invitation to attend on a specified date. These families included both those who were referred from health or social services, as well as those who self-referred. After the initial sessions we applied a more purposive sampling approach to intentionally capture a diverse range of experiences. For example, we held sessions with mothers from rural and from urban areas, and with fathers/grandfathers, and parents who had attended parenting courses.



Stage B. The Process of Information Gathering

In total, 41 network-mapping sessions were carried out over 2-years. We included 48 mothers and 12 fathers, all of whom were parents of children with disabilities. The care staff/service delivery personnel at the different centres involved in the PFF programme also completed network-mapping sessions at different points in the cycle of the programme.

The experience of completing the first two rounds of data gathering suggested expanding the sessions to explore the networks of mothers already observed to display different levels of skills in scaffolding their children's behaviours, a key contributor to early childhood development and resilience (11). These skills, including praise, directing attention, responding to needs and interests, were measured using the Observation of Mother-Child Interaction (OMCI), a tool with established reliability and validity in similar social-cultural settings (12). We identified 12 mothers with low level skills levels and 9 mothers with high level skills and invited them to discuss their external support networks.

The sessions are outlined in Figure 4, categorised by number, type and location.


[image: Figure 4]
FIGURE 4. Table of sessions completed.


Initially it was exclusively mothers who answered the invitation to attend, with group sizes ranging between 1 and 11. The enthusiasm among mothers to attend these sessions remained consistent. Among mothers who received direct invitations, those with high and low scores on the OMCI, all attended. To include the voice of fathers we also contacted them directly, but struggled to attract more than one or two fathers/grandfathers per session.

Answering the question, “Are participants actively contributing to the sessions?” we established that a group size of between 4 and 6 best generated shared discussions, while smaller groups (1, 2) were useful to explore more specific needs and issues.



Stage C. The Application of the Knowledge Gained

In this stage the focus of activity was the use of systematic reporting to effectively summarise and share the learning. The implementation team, in reviewing the details of the network-mapping sessions, drew out key takeaways from the maps themselves; the data capture forms (providing quantitative summaries on each characteristic of support); and the accompanying narratives. The team also reviewed the contribution made by each data source in guiding their understanding of the way in which systems of support are experienced.

The following Figure 5 provides graphical examples of the group network-maps collected. Figure 5A illustrates the relatively complex network that mothers with a high OMCI score. This pattern contrasts with the simpler, less extensive networks of mothers with a low OMCI scores (Figure 5B) and of fathers (Figure 5C). An active community based network exits to support nurturing care, but these network-maps illustrate that it is not accessed equally by all caregivers.


[image: Figure 5]
FIGURE 5. (A–C) Graphical representations of 3 diverse network-maps.


We saw the importance of the immediate family across all study sites. From the mothers' groups we learnt that the immediate family, with its multiple generation households, was consistently the most active source of support, providing direct care to the child, as well as financial and other resources. Mothers highly valued this support, which they ascribed to the social responsibility felt by other family members. One mother said: “because we are family” (Mother, Dushanbe). There were exceptions to these positive reports raised by a number of groups. An example was the sister-in-law, who, while resident in the same household, was rated as the least valued member of the support network. Another key figure in the household is the mother-in-law, and assumptions previously held that they were the main influence behind the abandoning of children to institutional care was not supported. Our caregivers rated the importance of the mother-in-law in a more positive way. Exploring the details of different roles within the family, and how they can be encouraged and strengthened needs further exploration.

Even in the early network-maps, mothers identified links to sources of support other than the family, at each of the five levels described in Figure 1. As the activities of the intervention programme rolled out, and in line with programme objectives, there was a shift towards more mothers attending parental skills training, and more mothers drawing on help from more distal sources of support. An important change, when considering children with disabilities, was increased awareness of the support provided for integration into education and the wider community.

The biggest difference across sites was in the strength of the links to more distal providers, in particular the international NGOs. Mothers living in the capital, Dushanbe, were initially far more likely to mention this source of support than those living elsewhere. Following more active engagement in rural areas, network-maps increasingly identified local centres and services as an important provider of support. Few mothers were aware that the centres they attended received support directly from international NGOs. This suggests that the influence of PFF on rural families was more indirect, coming through local service delivery networks.

In early network-maps mothers commonly characterised the father's role as providing resources rather than directly interacting with the child. This observation led us to explore in more detail how fathers understood their role, and how they themselves felt supported as caregivers of a young child in need. We found fathers have far fewer connexions in their support network than mothers. They did not perceive a clear connexion between the services provided and the needs of their children and were generally less aware of which services and activities were available. Some fathers had connected to additional financial resources, but none we interviewed had attended parental training sessions. We did, however, learn from the later network-mapping sessions that, as the PFF programme progressed, mothers saw some positive changes in the contributions made by fathers. Fathers who had attended parental training courses, for example, were reported to have become more supportive and to spend more time with their children. Overall, relationships with the key figures of the husband and mother-in-law were reported by mothers to have improved.

Exploring motivation was a useful way to understand the quality of support caregivers felt they received. Mothers, for example, recognised that the Family and Child Support Centres met a range of social and psychological care needs. They experienced centre staff as socially responsible, listening and responding to individual needs, and motivated to create social change. Before these centres opened, mothers had primarily sought support from medical services, and the onward connexion, through referral to social services, for more social/psychological care was rare. As we explored the differences in how different service providers were valued we came to understand that when mothers feel valued they also accord those service providers greater value. The difference in ratings between different services appears to centre on the presence or absence of shared respect, a central feature of strong relationships.

In all later network-mapping sessions mothers reported having observed significant changes and improvements in their children's speech, behaviour, socialisation skills as well as developing greater independence. They described their children as requiring much less help from others. Mothers attributed this change to having attended the Family and Child Support Centres and valued receiving the services offered free of charge. They also described increased agency, having acquired new knowledge and skills from the centres to better care for their children. As one mother said, “Many organisations help, they bring us humanitarian aid, but your project is the only one that helps us psychologically” (Mother, Panjikent). The benefit of psychological support was linked to more positive relationships with their children. As another mother said, “We are now friends with our children. They are more open. They do not fear us and share their feelings and their mistakes” (Mother, Khujand). A further mother told us, “We became more strong and independent, more confident, more open; we know our rights. Our motto is, ‘Now I can do it'” (Mother, Khujand).

Exploring the association between social networks and wellbeing was the focus of the comparison of the mothers with high vs. low OMCI scores. Mothers with a high score were able to name people or organisations at all levels. These mothers also recognised specific improvements in their children's progress, reported that their partners showed an increasing understanding of what they could contribute, and were generally aware of the nature of their children's rights. In contrast, mothers with low OMCI scores felt largely unsupported, were less likely to seek help, and were much less aware of the possibility of stimulating changes in their children. They were, nonetheless, grateful for the support provided by the Family and Child Support Centres. The interaction between having a support network to draw upon, and being able to identify and meet the needs of your child, will be an important focus for exploration in case management within the programme in the future.

Overall, while the range of network sources mentioned by participants did not expand over the 2-year project period, we did observe shifts towards greater access to sources of support outside of the family. Another important change was the more positive relationships reported with those providing support, both inside and outside the immediate family. As one mother said in later network-mapping session, “We learned how to build relationships with others” (Mother Khujand).

When asked to share their feelings about participating in the network-mapping sessions, parents expressed their gratitude for being listened to, and having their views acted upon. They also valued the opportunity to learn from and develop friendships with each other. This shared learning enabled them to expand further their support networks as they became aware of the availability of other rehabilitation centres, of the existence of inclusive schools or kindergartens, as well as of the financial support they were entitled to from the state. The network-mapping sessions became a part of the network of support that brings people together to share information, experiences and knowledge.

Further evidence of the value of the measurement process in decision-making was observed through the sessions held with staff and management groups. Sharing the information collected from parents' groups provided the opportunity to reflect on service delivery strengths and weaknesses and to identify potential targets for improvement. In these sessions the teams also reviewed the resources available in the nurturing care system, from the perspective of the service delivery system. They also examined gaps in their current links to these resources to suggest where communication channels could be improved. While the provision of training in parental skills featured more regularly in later network-maps of the mothers, limitations remained in the inclusion in this and other services of fathers. Another concern was that few families were aware of the child protection services offered by local government, highlighting the need to strengthen the capacity building initiatives provided by the PFF programme for other services. Stronger ties with local government systems, for example, were identified as a priority.




DISCUSSION


Stage D. The Review of Policy and Practise

The focus of this stage was to reflect on the network-mapping process and generate recommendations that guide the continuous strengthening of a community based approach to nurturing care. In our application of network-maps we found a functioning tool that contributes to decision-making in multiple aspects of implementation (9). Network-mapping enabled a detailed examination of the complexity of support, expanding beyond the ‘who' and the ‘what' to better understand the influence of underlying values and perceived motivation. The nature and degree of social interactions were captured, identifying the strengths in the system and gaps where further strengthening could create more active parent and child inclusion.

Using this tool has brought to life Bronfenbrenner's EST by superimposing representations of real social interactions and influences upon a generic nested model. The ecology of support systems in Tajikistan, described through the network-maps, initially pointed to the relevance of the nested structure described by Bronfenbrenner (8). Through an exploration of values and motivation we observed that the extended family connected to the primary caretaker blurred the boundary between the micro- and meso- levels. Although more distal connexions were initially less visible and less valued, there was a shift in this conceptualisation as the Family Support Centres rolled out their services. Not only were the skills and confidence of the immediate caregivers, both fathers and mothers, strengthened, but the external support system also became more valued. This suggests that a networked rather than nested approach to understanding and describing the ecology of support is more descriptive in this context. A network approach also better reflects the more equally distributed decision-making that resulted from the empowerment activities and is even more relevant as a community-based support system becomes more embedded.

This adds an extra dimension of “networks” to Bronfenbrenner's “nested” model. As Neal and Neal (13) also suggest “by focusing attention on patterns of social interaction, the networked model offers the possibility of using the precise tools of social network analysis to move EST from a theory to a method.” The network-mapping tool we adapted for use in Tajikistan is an example of such a tool, making the connexion from theory to method. A network approach avoids a hierarchical framework to programme design, providing an interactional dynamic framework for connecting the theory-practise-policy cycle.

One of the primary means through which this tool has connected theory to method has been to provide families with a voice, and involve them directly in monitoring services. We have learnt of the impact of the project on their daily lives. We have heard both positive and negative feedback in their own words. This dialogue has strengthened the programme, guided the improvement of services and changed the course of the project. It has enabled us to learn more about the needs of specific individuals and discrete sub-groups of the more vulnerable. This shift in thinking, and in the details of the process of implementation, has influenced review of our theory of change. Accordingly, project managers focused more on a rights-based approach that recognises and counters the sources of social exclusion.

For example, among mothers whom we observed as providing their children with limited stimulation and responsiveness, those scoring low on the OMCI, we also found very limited networks of support. The network-mapping sessions helped us learn about the social needs of these mothers, and deepened the thinking around how the programme can link social with psychological support. In fact the experience of taking part in network-mapping prompted some mothers struggling to care for their children to opt into project activities and join parent to parent support groups from which they had previously felt excluded.

Discussions with fathers exposed the sparseness of their networks and their lack of involvement in parenting activities. Project managers came to understand better the challenges fathers face in integrating effectively into the childcare system, prompting the design of activities specifically for these key caregivers. We also observed that strengthening fathers' skills and parenting knowledge, leading to greater participation in childcare, served to reduce gender inequality as well as contributing to Sustainable Development Goal 5.

Through this process we have learnt of the association between being valued and actively engaging with services. This narrative was expanded upon by centre staff, who felt that health services lacked an awareness of both the complex needs of children with disabilities and of the network of services available to meet them. We were also concerned by the limited role of State child protection agencies in the network-maps drawn. The network-mapping process highlighted these gaps, and suggested the need for further outreach to professional groups.

For both parents and professionals, we found that network-mapping helps people orient themselves in place- by understanding where they fit into the big picture; and in time- by helping people see their purpose and direction for future development. We were struck by the insight network-maps gave participants about their own motivation, as well as understanding their place in a wider network. We repeatedly heard how participants felt included, and for team members, this indicated that network-mapping is a tool for team cohesion. Network-mapping sessions made an important contribution to the understanding of the bigger picture of the network of support for all involved the process. In addition to knowledge building, this tool also shaped the skills required to improve community outreach through the inclusion of caregivers as equal partners.

Network-mapping sessions therefore contributed to a beneficiary-led review of how services should change to better meet individual and group needs. The detail of information collected improved the awareness of need, and informed the development of individual care plans, training programmes and the structure of service delivery. Other applications in diverse settings of similar methods have similarly found both the concept and the process of mapping networks valuable for creating individualised and interactive care plans (14, 15).

The use of a network-mapping process has generated detailed information on the development of a systematic and rigorous monitoring, evaluation and learning system. The feedback from the team has highlighted the value of more qualitative information and visual displays in earlier stages of development. The maps and narratives were also influential when used in dialogue with relevant ministries. More extensive experience is required before quantitative data is usefully interpreted. Sensitivity is needed in selecting appropriate methods of data capture and sharing in order to help effectively involve individuals, communities, organisation and institutions to meet their needs and create lasting change (16–18).




RECOMMENDATIONS

In reflecting on the learning derived from the network mapping process the following recommendations were generated by the senior management team.

I Informed, responsive design. This methodology was valued as a key activity in monitoring, informing, and communicating family needs, and system strengths and weaknesses. As the programme progresses the team will continue to share the network-maps and the details of the conversations they generate to cement communication systems between the different parts of the network. This sharing will generate ideas on how to improve the system and services still further, while also uniting parents through peer support groups. In addition, network-mapping generated detailed information useful for advocacy and policy development. As the programme is extended to other regions, network-mapping will be an essential monitoring and evaluation tool to help us effectively reach individuals and communities, and meet their needs. As we apply this tool in future settings we will focus on integrating this work more directly into the structure of delivery.

II Individualised Services. Embedding the procedural connexion between network-mapping and case management in future delivery systems will create a more international connexion between lessons learned around a family's social interactions and the care plans made. This will require building capacity within the service delivery team to carry out individual network-mapping sessions.

III Flexible Application. Expand the use of the methodology to explore more specific foci in the networks of support for childcare.

a. An important network to expand knowledge of is the child's learning environment, both formal and informal, mapping opportunities for play, language stimuli and inclusion.

b. Another key area of focus will be the social connexions that support the adaptation of child protection policies and practise to a community based childcare framework.

c. We need to explore the needs of specific subgroups in more detail, in particular, mothers unsupported by immediate family.

d. Address the issue of support networks from different perspectives, from the micro, meso, and macro levels.

IV Utilise an integrated MEL process. The network-mapping process illustrates a practical application of the aspirations of Measurement for Change, that advocate for a continuous process of consultation, measurement, review and reflection to build capacity to achieve a sustainable and scalable implementation process (19). As we apply this tool in future settings we will focus on integrating this work more directly into the structure of delivery. To do so effectively and with quality we recommend that those new to the process will need to refine their facilitation skills and familiarity with the material over time. They should carry out at least five practise sessions before starting to gather information in a more rigorous, systematic way. They will also need guidance in reading, analysing and interpreting data.
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FOOTNOTES

1www.healthprom.org

2Index Mundi (2019) Tajikistan Urbanization. Available online at: https://www.indexmundi.com/tajikistan/urbanization.html (accessed May 9, 2020).

3https://www.ohchr.org/EN/NewsEvents/Pages/DisplayNews.aspx?NewsID=24451&LangID=E

4https://netmap.files.wordpress.com/2008/06/net-map-manual-long1.pdf

5For example forms please contact corresponding author.

6Tajikistan's average elevation above sea level is 10,455 feet, being the third highest country after Bhutan and Nepal. https://www.worldatlas.com/articles/countries-with-the-highest-average-elevations.html
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Commercial complementary foods are not accessible at the last mile of delivery, despite a veritable stunted growth explosion in Kenya. A Mile for the Brain aims to reduce child malnutrition by solving the pervasive distribution bottlenecks and prohibitive pricing challenges. This paper presents the systematized measurement for change process. We focus on the selection of off-the-shelf complementary foods, training of women entrepreneurs responsible for commercializing these complementary foods, coaching given to mothers on appropriate feeding education, and lastly the learning cycle revolving around feeding mothers, entrepreneurs for the Mile for the Brain social enterprise itself. We highlight the real-life challenges involved in this process in the context of adversity and constrained resources. The results, findings, and policy implications of this study will be reported elsewhere.
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INTRODUCTION

Stunting affects over 165 million children globally (1). It is an important contributor to the population-attributable risk of child mortality, overall burden of disease, and failure to reach full developmental potential or sub-optimal development in children characterized by delayed cognitive, motor and socio-emotional development (2, 3). Several approaches to combat stunting have been attempted, ranging from exclusive assistance programs such as refugees, people affected by man-made or disaster-related emergencies; to populations requiring food assistance during lean or poor harvest periods; to populations who are not typically food insecure but consume a relatively monotonous diet. Nutritious foods, including ready-to-use complementary foods (RUCFs) have been shown to increase child survival in chronic malnourished children (4).

This study's primary objective is to improve early childhood development through a complementary feeding program that prevents malnutrition in children aged 6–24 months. We hypothesize that increasing access to complementary foods will improve early childhood development including cognitive, motor, and sensory functions. Our unique business model attends to the availability and demand for complementary foods through repackaged affordable sizes in poor communities in Meru and Bungoma counties in Kenya from 2014 to 2016. The purpose was to empower rural women economically as a secondary objective.



BACKGROUND

Approximately 200 million children under 5 years of age in developing countries are not reaching their full development potential (1). Studies have categorized childhood development risk factors as being biological (such as nutrition deficiency, which leads to stunting, inadequate cognitive stimulation, iron deficiency and iodine deficiency), environmental (for example exposure to arsenic or lead), psychosocial (maternal depression, exposure to violence and parenting factors), and infections (including HIV infections that lead to severe hydrocephalus) (5). When exposed to any of these risk factors, children younger than 2 years of age are severely affected, as vital development—especially of the brain which controls cognitive, motor, and sensory functions of the human body—is developing rapidly during this period (5). Any small disturbance in processes occurring at this time can have long-term effects on the brain's structural and functional capacity (5). Ultimately, these effects amount to wasted human capital and hinder national development, translating to a cycle of poverty across generations (6).

The World Health Organization (WHO) defines an infant as stunted, wasted, or underweight if their Z-score for -length-for-age; weight-for-length; or weight-for-age, respectively, is less than a standard deviation of (–)2 (7). The main causes of growth stunting are chronic malnutrition, chronic or recurrent infections (with or without intestinal parasites), low birth weight, and extreme psychosocial stress without nutritional deficiencies (8). Stunted children have a likelihood of frequent episodes of severe diarrhea and are more susceptible to several infectious diseases, such as malaria, meningitis, and pneumonia, which result in increased fatality risk (9).

Among preventive measures that would reduce stunting in children under the age of 5 years, exclusive breast-feeding and good quality complementary feeding are ranked first and third, respectively (10). Studies have shown that poor-quality complementary foods and inappropriate feeding practices are among the major causes of malnutrition in young children (11, 12). In many developing countries, complementary foods are introduced too early or too late, with insufficient quality and quantity, leading to a great risk of nutritional deficiencies during the second half of infancy.

In developing countries like Kenya, home preparation of complementary weaning foods containing proteins has not been widely adopted possibly due to its higher cost and longer time required to prepare (13). Presently, in the attempt to lower costs of complementary foods there is a notable shift to producing complementary feeds using blends of cereals and plant-based protein-rich legumes like soybeans and cowpeas (14). Legume blend foods are more nutritious complementary foods however, they cost more than plain cereal flours like corn because of the higher cost of production (15). Nutritious, low cost, commercially packaged foods are a more viable alternative to homegrown complementary feeds. These specifically formulated foods include fortified blended foods where key vitamins and minerals are added to cereals, commercial infant cereals, and ready-to-use foods such as pastes, compressed bars and biscuits (16).

Ready to use complimentary foods are extremely convenient in preventing stunting (17). Consumption, storage and preparation is least involving to the users (17). Moreover, complimentary foods are easy to store and transport over long distances because they contain very little or no water which prevents mold and bacteria growth. Women in multiple developing countries have time and economic constraints with numerous agricultural and other competing domestic responsibilities, in addition to feeding and caring for their children (18). Saving time on food preparation could ensure that children 6–24 months old are fed frequently each day, thus contributing to the reduction in child under-nutrition. Where availability of cooking fuel or time for food preparation is limited, providing ready-to-use food for individuals suffering from stunting is more effective compared to providing a meal that needs preparation in addition to cooking the family's main meal (19, 20).

However, commercially distributed ready to use complimentary foods are still not reaching the most vulnerable population segments, due to high prices or the limited extension of commercial distribution systems into rural areas. Distribution bottlenecks or what is sometimes referred to as the “tragedy of the last mile” continues to be a major hindrance to access of essential supplies in many remote areas in sub-Saharan Africa (21). This is a consequence of poor road infrastructure, poor supply chains, lack of economies of scale and presence of multiple middlemen (intermediaries), thus, increasing the cost of essential products to the poor. Insufficient information feedback to the source of the product further results in weak supply-chain efficiencies (22). The distribution of bulky essential commodities like complementary foods for infants is even a bigger challenge.

A “Mile for the Brain” project aims to use an innovative business model to increase the use of ready to use complimentary foods and other nutritious foods in remote and poor areas of Kenya from 2014 to 2016. We will then assess the project impact on child growth and development. The overarching outcome of this project is to ascertain whether packaged complementary foods reduce mild or moderate malnutrition in the vulnerable 6–24 months old children in poor rural areas of Kenya. In this paper, we examine the real-life challenges experienced when carrying out the intervention in the context of adversity and constrained resources. We also report the changes we made along the way in optimizing our measurement efficacy.



DESCRIPTION OF THE INTERVENTION

The study was be a cluster-randomized controlled trial featuring an active control group within a sample size of 269 children and 300 women social entrepreneurs. The project was carried out in Meru and Bungoma Counties of Eastern and Western Kenya, respectively, and leveraged habits developed in these communities in 2014–2016. Clusters were selected based on three levels. First, 2 constituencies were randomly selected in each county. Secondly, 4 wards in each constituency were randomly selected. Lastly, 10 villages were randomly selected within the wards. The sample was identified by going to every other house in the village, after randomly determining the starting direction by the flip of a coin. In observance of the intent-to-treat approach, the treatment and control groups were not selected a priori, but were selected depending on the uptake of the intervention. Dyads were assigned to the intervention group if they consistently bought three or more sachets of food for a cumulative period of 3 months, while the control group are those who did not purchase any or purchased less than three sachets of food for a cumulative period of 3 months. The control group utilized traditional weaning complementary foods that are known to lack adequate micro-nutrient density such as corn. There were no socio-demographic differences observed between the treatment and control group at baseline; hence, minimizing any potential biases in the outcomes

The project engaged women to reach out to other women. They were provided with business and nutritional training skills. The women were engaged in door-to-door marketing of the re-packaged product to mothers with infants while educating them on the benefits of weaning infants on ready to use complementary foods. Some of the women in the groups were mothers of infants and served as good resource in informing on how the project was rolling out. The project leveraged these women's network groups to market and distribute the complementary foods.

In poor parts of Meru and Bungoma, similar to other rural communities in Kenya, there is a “kadogo” (small unit) economy that thrives on mass marketing using small sized packaging. Buyers purchase essential commodities in quantities at a price that they can afford. Margarine, detergents, soaps, etc. are halved and quartered depending on the customer's economic ability. Big consumer goods companies have repackaged their products in order to profit from this mass market. This approach is suited for fast moving, low value, high frequency products and has not been tried for delivery of slow-moving bulky products like complementary foods. Making ready to use complimentary foods available and accessible through this “kadogo economy” is anticipated to give poor households the option for proper complementary feeding of their children beyond cooking limited starch dense foods. The objective is to do so in a sustainable way, with revenues from product sales being enough to cover variable costs. Such ready to use complimentary foods will increase nutrient intake and save caretakers time taken for preparation in both rural and urban areas. Children will be fed nutritious foods at least three times each day.

Complementary foods were made available to the treatment group of 269 caregiver-baby dyads. The control group utilized traditional weaning complementary foods that are known to lack adequate micro-nutrient density such as corn. Changes in measures of physical development, anthropometric measurements, neuro-cognitive development, gross/fine motor skills, cognitive function, receptive language, expressive language, and socio-emotional capacities in children aged 0–24 months were assessed to determine the long-term well-being of the child. Anthropometric measurements were taken during each visit and included naked weight, recumbent length, and head circumference were measured. A culturally informed measure of developmental outcome, KDI—Kilifi Developmental Inventory Tool (23). The KDI consists of 69 items, calculated as a score for locomotor skills and eye–hand co-ordination. A second tool, the Developmental Milestones checklist (DMC_II) was used to provide motor, language and personal-social scores for children aged from 3 to 24 months.



PROJECT DESIGN AND IMPLEMENTATION


Theory of Change

If mothers and/or caregivers of children in rural areas were educated on age-appropriate feeding and had access to high protein and fortified complementary food for purchase, they would then have a predilection for these foods for their children, reducing the risk for child malnutrition (24).

When context-specific infant feeding messages promoting the use of local foods are delivered directly to mothers through counseling, significant improvements in complementary feeding practices and dietary intake are possible (24). The following theory of change (Figure 1) framework guided the design and the implementation of the project.


[image: Figure 1]
FIGURE 1. Theory of change.


In this theory of change, women entrepreneurs were trained on business skills, to encourage entrepreneurship and growth of business, good bookkeeping. The women entrepreneurs were also trained on appropriate child nutrition, knowledge they used for their sales pitch of the baby complementary food, and to educate potential buyers. The women entrepreneurs were then provided with three choices of baby porridge flour to sell within their social networks. The sale of baby flour was done as a supplementary income activity, as the women entrepreneurs carried out their routine daily activities, and encountered mothers of babies. Mothers of babies benefited through age appropriate nutrition education they received from women entrepreneurs, and also through convenient access of the baby flour delivered to them by the women entrepreneurs for purchase. The primary outcome was to improve child growth and development outcomes.



Study Objectives

Our objective was to capture measurement for change at the design and planning level. We sought out to identify assumptions embedded within the theory. In particular, the barriers to mothers/caregivers in accessing high protein enhanced complementary food for their children. Additionally, we studied the interactions between food suppliers, women entrepreneurs, and mothers/caregivers to better understand the source of variability in outcome. We identified and reported unanticipated game changers in the course of the project be identified to ensure support of the targeted groups (mothers/caregivers, women entrepreneurs) so as to achieve the intended outcome of reduced child malnutrition.




METHODS


MEL Framework and Design

Approach for the monitoring and learning framework was to ensure adequate information is available for activity management and that data collection is consistent with data and learning needs of the Project. It describes the process for monitoring, evaluating, and learning from implementation to adapt and achieve results, and to know whether an activity is making progress toward stated results.

In collaboration with partners (Ministry of Health, Ministry of Agriculture, Healthcare facilities) and representatives target communities (women entrepreneurs and mothers/caregivers), we drafted the main MEL activities. The project team then put together a plan for undertaking the MEL activities. The activities of the MEL plan were guided by the project theory of change, Figure 1: Theory of Change.



Data Collection and Management

Intervention activities, selling and purchase of complementary food for babies 6–24 months were initiated in Meru County, Kenya. When making the sales pitch, the women sellers educated the mothers buying the food on age-appropriate feeding and the benefits of weaning infants on ready to use complementary foods. Post data collection, participants were assigned in the intervention group if they consistently bought three or more sachets of food for a cumulative period of 3 months, while the control group are those who utilized traditional weaning complementary foods that are known to lack adequate micro-nutrient density such as corn. Data was collected from the four domains of operations, women entrepreneurs, mothers/caregivers, and babies through survey data forms, and also unstructured qualitative feedback. Data forms were completed using an electronic device, a computer tablet. Data was entered directly in this electronic device during service delivery. A field supervisor verified the data integrity weekly applying necessary measures to ensure clean data. The data was stored in a stable and secure server, and backup server data on a daily basis. The project was approved by Moi University Faculty of Health Sciences Institutional Review Board (IRB).

Data for learning was generated through (1) impact surveys collected at baseline and end-line data, and through (2) routine monitoring and evaluation, process assessment collected weekly, bi-weekly or monthly. Monitoring and evaluation data created multiple iterations of feedback and learning about the delivery of the intervention activities, which triggered changes throughout the design and implementation phases of the project.

In general, the flow of data or information was a feedback cyclic loop with a two-way data origination (Figure 2). The main flow of data was from Babies, Mothers/Caregivers, being our target beneficiaries, to women entrepreneurs, who would then submit the data reports to the operations staff on a routine basis or to data collectors periodically during scheduled data collection engagements. This data was structured, based on established indicators, or unstructured based on real time experience with the project. Women entrepreneurs also generated their own data based on their specific engagement of the project, the marketing of the baby porridge flour. Periodically, data staff would collect scheduled data at certain points during the implementation phase, such as baseline data, quarterly and end line.
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FIGURE 2. Schematic showing the structure of the learning and feedback loop. The MEL plan has 4 levels that are interconnected; Level 1: Operations Level, 2: Women Entrepreneurs, Level 3: Babies Caregiver/Mother, and Level 4: Data Collectors.


Stakeholders (collaborating partners such as the Ministry of Health, Ministry of Agriculture, Kenya Women's Finance Trust) and beneficiaries (babies, mothers/caregivers, women entrepreneurs) were involved in making the changes to ensure relevance and responsiveness in the administrative processes, and in the implementation of intervention activities.

There was a total of 262 caregiver/baby dyads from an original 269 dyads, there was an attrition of 7 dyads, resulting in negligible impact on the results. Data or information from caregivers was sought directly from them by data collectors or by women entrepreneurs, who would then rely the information to the data collectors and operations staff. There were 300 women entrepreneurs organized in economic units of 10 members per group. Representatives of the group (chairperson, treasurer, secretary), were frequently the sources of information on behalf of the group.




DISCUSSION

Assessments to establish a causal link between complementary feeding interventions and developmental outcomes are difficult to evaluate as there are numerous methodological problems. Complementary feeding practices encompass a series of inter-related behaviors that must be considered simultaneously and are therefore difficult to summarize into one or a few variables that accurately reflect these practices (25).

Optimal complementary feeding practices depend not only on what is fed, but also on how, when, where, and by whom the child is fed by. Thus, baseline assessments should be conducted to identify gaps in knowledge and current good practices. They should be followed by trials of education message options for improving the diet and feeding practices, identification of priority audiences, and effective strategies for reaching these audiences.

This discussion is a reflection on our measurement for change process, what we learnt, and how our processes helped the kinds of reviews and changes in the different approaches we used in designing and implementing our study to achieve maximum impact.

In the project design stage, we created a theory of change, to improve access to high nutrients complementary food, the main approaches were to create awareness of the availability of commercially ready to eat complementary food, a concept that is not common in the last mile. Once this awareness is created by women entrepreneurs through their nutrition education and sales pitch, these women give mothers the option of three highly nutritious readily available foods already retailing in the market that they can purchase at affordable prices. In the design, the assumption was to provide choice to the mothers, however the mothers on their own singled out one product. The women brought the food to the mothers for purchase.

In the learning cycle, through the women entrepreneurs, we received feedback that one of the three selected foods was rejected by the mothers because their children did not like the taste, and also made them uncomfortable and cry. The second food was also rejected by the mothers because the price was slightly higher. That left us with the food that was selected by the mothers as optimum for the price and acceptability by the babies.

Envisioned in the original theory of change, women entrepreneurs were to repackage bulky complementary foods into small affordable sachets for sale within their networks. In examining the context, together with local stakeholders in the Ministry of Health and other nutrition experts, we identified the challenge to maintain hygiene, and require close supervision if repackaging of food was done by the women, a challenge that can easily become an obstacle during scale up. Instead, we negotiated with the food manufacturer to do the packaging into small sachets at the plant. This change ensures adequate food hygiene is adhered to, and also eliminates the need for additional labor to repackage and supervise once the food reached the women entrepreneurs.

Women entrepreneurs were recruited in functioning economic units of 10 members per group. These were already existing active groups, with the assumption that they had already overcome group dynamics therefore effective and efficient in carrying out the group activities of selling food. Therefore, all group members had to sell all their assigned food units but pooled their money together to replenish their stock or expand their stock capital. This assumption was challenged, when we received feedback from women entrepreneurs during monthly meetings with the group officials (chairperson, secretary, treasurer), that some members of a given group outperformed the others and sold all their food within days, while others took a week or two. Based on this feedback, we dissociated the requirement for a group to function as an economic unit except for administrative purposes. The change enabled individuals to function as economic units and did not limit their individual economic potential by functioning as a group.

A Mile for the Brain nutrition campaign targeted children aged 6–24 months, specifically improving their consumption of high protein in their complementary feeding. The assumption was that mothers would only feed their children who are within this age group. However, mothers prepared the food for all their children including the older ones (5 years and above). Since it was the mother's choice, we modified the campaign to emphasize the need for mothers to feed the right quantities to children 6–24 months, and then feed the older children of what remains.

A mile for the brain project was envisioned as a woman driven change, with mothers and female caregivers as the benefactors. The approach leveraged women entrepreneurs' social networks with other women/caregivers during their day-to-day interactions such as in worship gatherings, on the road, neighborhood, friends and relatives. Once the project had a stronghold, men in the community got interested and wanted to be involved in the sale of complementary foods. We revised the approach to incorporate the male model to ensure men are represented as caregivers and head of household.

Although women were the primary caregivers and the sole preparer of food for the family, it was also noted in some households that fathers had the ultimate say on whether the baby should be fed the enhanced complementary food. Some fathers were opposed to the food and wanted their children to only be fed the traditional foods. The changes created by this feedback cycle resulted in fathers being involved in sales pitches. They were also educated about the benefits of the age-appropriate use of enhanced complementary food for babies 6–24 months. This nutrition education for fathers enriched their depth in feeding decisions.

Women entrepreneurs educated mothers on how to prepare food for their babies, and also assisted some of them through demonstrations. However, some mothers would use more water than required to stretch multiple feedings. This situation compromised or dilutes the nutrients expected to be consumed by the baby per meal. This prompted the project to incorporate random audit visits by community health workers to observe these mothers while they prepare the complementary foods and re-educate those who were doing it incorrectly.

The intervention showed greater improvement in growth outcomes for participating children compared to non-participants: mothers of children with lower age adjusted Mid Upper Arm Circumference z-scores were 62.5% more likely to purchase food than those with higher z-scores [odds ratio 1.625 (0.53–4.98) at 95% confidence interval]. Children of mothers who purchased enhanced complimentary food performed better than those that did not, in the age adjusted means of eye-hand coordination and locomotor scores for the KDI playing with the ball test (p < 0.10). Age adjusted means scores for the personal/social test using DMC-II were higher among children of those who purchased food than those who did not purchase (0.121 vs. −0.134) at 95% C.I.



CONCLUSION

Measurement for change is critical in all stages of implementation. It is therefore important to build a culture of measurement for change from the very beginning, at the design phase of the project. With proper planning, measurement for change creates efficiency in use of the time and resources in the long run, however, it does require thoughtful build-in for time and other resources to enable it to be performed successfully.
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Low- and middle-income countries (LMIC) are increasing investments in early childhood development programs, including early childhood education. As programs reach scale, there is increasing demand for evidence on impacts of investments. Little work to date has examined capacity required to effectively use data at scale in LMIC, including opportunities and barriers to integrating data into ongoing program implementation and tracking child development and quality of services at scale. Below, we outline the rationale and approach of the Consortium for Pre-primary Data and Measurement in Sub-Saharan Africa, focused on building capacity for data-driven decision-making in early childhood systems. Themes from the first phase include the importance of building diverse groups of stakeholders to define priorities for data and measurement, the need for coordinated and strategic investments in data and measurement, and the value of long-term investments in government/civil society/university partnerships to generate locally relevant data on early childhood education.
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THE CHALLENGE FACING ECE: SCALING QUALITY PROGRAMS

Early childhood care and education (ECE) programs can be highly effective interventions, leading to improved outcomes for children throughout schooling and into adulthood (1, 2). Stimulating, supportive care in early childhood leads to substantial benefits for children (3), including quality ECE with responsive, interactive teachers, access to materials, and safe and stimulating environments received before children enter primary school. Many countries have increased investments in ECE (defined as formal preschools, community-based preschools, childcare settings, and parenting programs). The passage of the Sustainable Development Goals' target focused on early childhood care and education, Target 4.2, underscored the importance of early childhood for later learning and development and emphasized the value of measurement to track progress toward goals (4). Countries now face a critical challenge in ensuring access to quality early childhood programs for all children. The most vulnerable children are still the most likely to be excluded from high-quality early childhood services (3) and there are notable disparities in access to ECE based on family wealth and geography (5).

Providing children access to quality ECE is a challenge globally, but perhaps especially in low- and middle-income countries (LMIC) facing fewer resources available for ECE; a greater population of children facing considerable contextual risks; and a strong need to work across health, nutrition, social protection, and education sectors to address children's development holistically (3). Despite this complexity, the infrastructure for scaling may be lacking, leading to expansion of early childhood systems without well-developed monitoring systems to track quality of programs over time (6). Rapid expansions of access can lead to variable levels of quality within preschool settings, due to uneven training of teachers, limited access to materials, and the unique contextual challenges and opportunities of different locales (7). ECE may also be operating in the context of considerable urban/rural disparities, teacher shortages, and underfunded schools that create pressure on ECE classrooms to accommodate large numbers of children with few resources (8). These factors work together to create suboptimal conditions for quality ECE in many LMIC (9).

Despite the value of using evidence to inform decision-making, there are still few conclusions on how best to promote the use of evidence in education (10). Our review addresses available literature on using data to improve ECE with emphasis on two primary questions: first, what do we know about how to encourage data use to inform ECE policies and programs; and second, what practices may facilitate data use? We offer an example of capacity-building, the Consortium for Pre-primary Data and Measurement in Sub-Saharan Africa (CPDMA). We conclude with themes that emerged from the Consortium's first year and the implications for future efforts to build capacity for measurement, evaluation, and learning at scale in ECE.


Role of Data and Measurement in Scaling

Research, measurement, and data play a central role in scaling early childhood programs, by tracking participation; quality of implementation; and impacts on children and families over time, especially whether goals for equity in access and learning are being achieved (4, 11). While several global reports on ECE have provided invaluable data on the status of young children (i.e., annual State of the World's Children; UNICEF; Global Education Monitoring Report, UNESCO), local evidence is critical for implementation. Country context has a strong impact on implementation of early childhood programs, and it is essential to define what works for whom, as the impact of early childhood programs varies by context and across children and families (12, 13). Moreover, careful attention to program implementation is necessary to achieve the promise of early childhood programs (14), including focus on the quality of ECE staff, provision of materials, clarity of curricular and programmatic goals, and ongoing support for professional development. Data systems are needed to reliably collect information on implementation and program impacts, and good systems can play a pivotal role in creating cohesive, effective intersectoral approaches to addressing disparities (15, 16), and fundamentally can contribute toward clarifying which children and families are benefiting from programs in various contexts (17).

However, the challenges in using data, measurement, and research to improve policies and practices are well-documented [e.g., (18, 19)]. For research to influence practice, for example, there must be tight linkages and relationships between the producers and users of research, and the organizations they represent (18), requiring substantial staff capacity to produce reliable, relevant results, and use the data to influence policies and practices. Resources for early childhood are limited in many LMIC, with few data to track implementation, which is especially problematic when scaling programs to serve large populations of children facing challenging contexts (20). Getting effective ECE monitoring systems in place requires considerable financial and human resources (6). Even when data are available, many of the recurring surveys are high-level and intended for policy, providing little direct feedback for teachers and other early childhood professionals to improve their practices.

In sum, early childhood data are important for quality ECE and should include data on implementation and outcomes with emphasis on the relationships needed to ensure data are used. Given these insights, how should we approach capacity-building for using research, data, and measurement to improve programs and policies, especially in LMIC, and how can we collectively help build that capacity?



Building Capacity for Data Use in ECE
 
Consortium for Pre-primary Data and Measurement

The CPDMA was initiated in 2018 by USAID and the ECD Measure Group at the University of Nebraska Medical Center to build the capacity to generate and use ECE data in sub-Saharan Africa. As part of the 2017 P.L. 115-56, the Reinforcing Education Accountability in Development (READ) Act1, Congress called for a comprehensive international education strategy, which included a new focus on the role of pre-primary education. As a response to the READ Act, the 2018 USAID Education Policy added pre-primary education to USAID's priority areas, recognizing that ECE lays the foundation to long-term student learning outcomes. One of the main principles within the policy is using evidence and data to drive decision-making and USAID investments. Under these new emphases, USAID and ECD Measure identified the need to build pre-primary data and measurement capacity at the country level.

In its first phase from 2018 to 2020, CPDMA supported countries in identifying their ECE needs and facilitated cross-country learning to build on best practices from the continent. Four country task force teams were formed in partnership with USAID country missions in Ethiopia, Liberia, Rwanda, and South Africa. Because ECE-related data and measurement require working across partners and organizations, these multi-disciplinary task force teams comprised government officials, local university researchers, ECE practitioners from civil society, and USAID education officers. Country teams engage in country-level planning and dialogue as well as participate in virtual and in-person cross-country meetings.



CPDMA Guiding Principles

Based on experiences with previous measurement projects [i.e., Measuring Early Learning & Outcomes; see (21), for a review], a set of key principles were articulated to guide the project. First, previous work had documented that countries valued data to inform national planning (22), so CPDMA prioritized country-driven decision-making on where data were needed, and thus left the scope open-ended to allow country teams to define their priorities. Second, the goal of our work was to contribute to the local capacity that would be required to conceptualize, implement, and sustain high-value data work. A key marker of success in the project's first phase was the functioning of the country teams and their ability to work together to identify high-leverage data and measurement work.



CPDMA Project Activities

As a starting point for the country team's work, a Data for Impact framework and toolkit was prepared based on existing literature and experiences with policy and program development to guide country teams through the process of building data-driven ECE systems (23). The framework proposes four essential steps: (1) identify the purposes of ECE data, including places where data may have impact; (2) define data feedback loops; (3) address the mechanics of measurement; and (4) apply to policy and practice (see Figure 1). These steps are explained below.


[image: Figure 1]
FIGURE 1. Data for impact framework.


During the task force's inception year, country teams composed of government, civil society, and university representatives focused on the first two steps of the framework. First, country teams conducted a diagnostic data mapping exercise to outline priorities for ECE data in their respective countries. Figure 2 illustrates the types of data users and data needs created to guide country teams. Teams defined the purpose of ECE data by considering locally relevant questions on ECE programs and policies, as well as the audience for data in an ECE system (parents, teachers, administrators, policymakers, etc.) (see Figure 2). Teams then identified existing ECE data and how these data are used [for example, data on ECE from Education Management Information System (EMIS), program evaluations conducted by civil society organizations, and research studies]. This step revealed several opportunities to use existing data to address questions identified in the first step. However, these data are not always available (or known) to the ECE community, and teams concluded that better collaboration could improve the effectiveness and efficiency of using ECE-related data in the future.


[image: Figure 2]
FIGURE 2. ECE data users and data needs.


As a second step, teams identified “feedback loops” for data, to help prioritize which gaps to fill and started planning possible projects to build toward a more data-driven ECE system. To articulate feedback loops in each country context, teams outlined where data were or could be used to influence policy and practice in ECE. Teams considered the types of decisions users of data make or will be making, for example, how teachers might use data to monitor student progress, and how administrators would use data to monitor ECE access. The relationships that are required to promote data use were also considered. Establishing tight feedback loops between policy and practice requires regular sharing of information and ongoing implementation data in a trusting and transparent manner (24), beginning with specific programs to refine methods for using data and expanding over time.

Country teams will address the two final steps in future work. The third step, mechanics of measurement, refers to the tools and processes required for reliable data, such as which measurement tools to use. The fourth step, applying to policy and practice, refers to the implementation of the feedback loops identified in the second step; for example, sharing results with ECE stakeholders or using data to help teachers identify best practices in ECE classrooms.



Examples of Data-Driven Early Childhood Projects

Throughout the course of the project, several examples of data-driven projects were identified. A CPDMA member from South Africa, Grow Early Child Development2, has created effective data feedback loops at the service-delivery level, by providing childcare providers with information on markers of quality and routinely using technology-enabled data collection to track program performance. Grow ECD is a franchise of South African ECE Centers serving disadvantaged communities and uses a data-driven approach to ensure that ECE facilities meet service delivery standards. The organization has recently developed an app that provides an opportunity for ongoing feedback loops, as stakeholders interact with real-time data from their ECE centers and classrooms.

Rwanda's National Early Childhood Development Program (NECDP)3 has been regionally recognized for promoting a national intersectoral data system. The multi-sectoral work of NECDP requires an integrated data system that reflects a coordinated approach to early childhood development, cutting across health, nutrition, social protection, and ECE. NECDP has recently established an ECE dashboard to hold different public institutions accountable for their work. Seven national ministries or agencies contribute ECD data to the dashboard, each using distinct indicators aligned with its own sectoral priorities. The dashboard promotes a data feedback loop at the national level, where national line ministries and agencies report and hold each other accountable on their respective sectoral progress in ECE programming.





DISCUSSION ON BUILDING LOCAL CAPACITY FOR DATA AND MEASUREMENT

Several themes emerged from CPDMA's work that have implications for future capacity-building efforts in early childhood.

First, CPDMA emphasized the value of diverse stakeholder groups coalesced around early childhood data. In several situations, country task force members were not aware of data and measurement work in other organizations within their own countries. Engagement with a diverse set of stakeholders at the country level contributed to bridging gaps between organizations working on ECE data and measurement in policy, research, and practice. Including ministerial counterparts with direct connections to policy decisions has ensured that each country team's efforts aligned with existing national priorities. The involvement of local researchers and implementers enriched the interdisciplinary dialogue for each country team. The CPDMA task force also created a new opportunity for focused dialogue on ECE measurement. Country teams expressed that CPDMA's convening facilitated having regular country team meetings, which provided accountability that helped keep momentum among in-country actors. The inter-disciplinary and multi-sectoral composition of each country team also allowed for multiple perspectives in discussion on data and measurement.

Teams also appreciated the opportunity to network with peers within the sub-Saharan Africa region. Members expressed that the cross-country CPDMA task force contributed to the motivation, interest, and confidence necessary to address data and measurement within early childhood settings. CPDMA provided an opportunity for country teams to learn from examples from other countries and think through the mechanisms by which data in ECE can lead to improvement. Yet these stakeholder groups face many of the same issues faced by intersectoral efforts in early childhood more broadly—namely, the challenges of working across multiple agencies with distinct, sometimes complementary and sometimes contradictory goals. The creation of stakeholder groups was one initial step toward creating stronger infrastructure for scaling; data systems are an essential piece of this process and can serve as a driver for positive change (12), but only with concerted effort.

Second, coordinated, focused data may lead to greater leverage for policy and programmatic investments. During CPDMA, countries identified multiple sources of ECE data. However, data were often not coordinated, were broad in scope, may not have included all populations of children, and had varying degrees of connection policy priorities, potentially lessening the impact of data. There were sometimes few data focused on the quality of services, despite the importance of monitoring program quality and improvement. For the CPDMA task force country teams, the examples demonstrating how data can leverage change in ECE—at the provider, classroom/school, and national levels—were helpful in further delineating the long-term goal of investing in ECE data. One way to help achieve this goal is to create a shared data dashboard for all sectors, such as the NECDP dashboard in Rwanda, or to use ongoing data collection to drive professional development, as in the Grow ECD model.

Third, attention should be placed on monitoring quality of programs, in addition to measuring child development and learning. Many teams were especially interested in determining whether ECE programs were successful in supporting children's development. Yet, to implement highly effective programs, investments must be made in using data to guide professional development for ECE teachers, sharing information with program staff and key partners who support programs, and applying findings to program improvement efforts (25). One U.S. example using this model is the Educare Learning Network4 The Educare Learning Network is a consortium of early childhood education programs serving at-risk children and families that utilizes research-program partnerships to implement a set of core features including data utilization to inform embedded professional development and support for high-quality teaching practices and family engagement that leads to long-term positive child and family outcomes [see (26), for an overview; (27, 28)].

Although there is growing interest in improving services for young children, many countries will likely see continued resource constraints for early childhood programs. To provide countries with the data necessary to track the quality and reach of early childhood investments, it will be necessary to devise more efficient, faster, and more actionable data on early childhood. This work adds a concrete example of capacity-building on data use in ECE. Our findings suggest that future efforts should focus on engaging a broad range of stakeholders, defining clear pathways by which data can influence ECE, and documenting examples of using data at multiple levels of the ECE system. More research is needed in the future to systematically evaluate the impact of data on decision-making in ECE, how to build systems that promote coordinated and ongoing monitoring and support for quality programming across sectors, how to engage teachers and parents in ECE data, and how to efficiently build the infrastructure required to generate actionable, reliable data over time. The many demands on early childhood systems can relegate data and measurement to a back seat—yet the critical role of data systems for monitoring implementation and impacts on children and families should not be forgotten.



AUTHOR CONTRIBUTIONS

AR took the lead in conceptualizing and drafting the paper. RS wrote about the details of the Consortium's work. DD was a technical contributor to the project. She described the project's conclusions and contributed to the description of the work of the Consortium.



FUNDING

Support for this work was provided by USAID and the Porticus Foundation.



FOOTNOTES

1https://www.congress.gov/115/plaws/publ56/PLAW-115publ56.pdf

2https://www.growecd.org.za/

3http://ecd.gov.rw/

4https://www.educareschools.org/our-approach/educare-learning-network/



REFERENCES

 1. McCoy DC, Yoshikawa H, Ziol-Guest KM, Duncan GJ, Schindler HS, Magnuson K, et al. Impacts of early childhood education on medium-and long-term educational outcomes. Educ Res. (2017) 46:474–87. doi: 10.3102/0013189X17737739 

 2. Rao N, Sun J, Chen EE, Ip P. Effectiveness of early childhood interventions in promoting cognitive development in developing countries: a systematic review and meta-analysis. Hong Kong J Paediatrics. (2017) 22:14–25.

 3. Britto PR, Lye SJ, Proulx K, Yousafzai AK, Matthews SG, Vaivada T, et al. Early childhood development interventions review group, for the lancet early childhood development series steering committee. nurturing care: promoting early childhood developmentLancet. (2017) 389:91–102. doi: 10.1016/S0140-6736(16)31390-3

 4. Raikes A, Yoshikawa H, Britto PR, Iruka I. Children, youth and developmental science in the 2015–2030 global sustainable development goals. Soc Policy Rep Soc Res Child Dev. (2017) 30:1–23. doi: 10.1002/j.2379-3988.2017.tb00088.x

 5. Tran TD, Luchters S, Fisher J. Early childhood development: impact of national human development, family poverty, parenting practices and access to early childhood education. Child Care Health Dev. (2017) 43:415–26. doi: 10.1111/cch.12395

 6. UNICEF. Defining, Monitoring and Improving Quality: Guidelines for Stronger Quality Assurance Systems in Early Childhood Education. New York, NY: UNICEF (2020).

 7. Britto PR, Yoshikawa H, Boller K. Quality of early childhood development programs in global contexts: rationale for investment, conceptual framework and implications for equity. social policy report. Soc Res Child Dev. (2011) 25:1–31. doi: 10.1002/j.2379-3988.2011.tb00067.x

 8. Crouch L, Merseth KA. Stumbling at the first step: Efficiency implications of poor performance in the foundational first five years. Prospects. (2017) 47:175–96. doi: 10.1007/s11125-017-9401-1

 9. Gove A. What we are learning about early education in Sub-Saharan Africa. J Res Educ Effect. (2017) 10:530–4. doi: 10.1080/19345747.2017.1335091

 10. Gorard S, See BH, Siddiqui N. What is the evidence on the best way to get evidence into use in education? Rev Educ. (2020) 8:570–610. doi: 10.1002/rev3.3200

 11. Yoshikawa H, Wuermli AJ, Raikes A, Kim S, Kabay SB. Toward high-quality early childhood development programs and policies at national scale: directions for research in global contexts. Soc Policy Rep Soc Res Child Dev. (2018) 31:1–36. doi: 10.1002/j.2379-3988.2018.tb00091.x

 12. Nores M, Fernandez C. Building capacity in health and education systems to deliver interventions that strengthen early child development. Ann N Y Acad Sci. (2018) 1419:57–73. doi: 10.1111/nyas.13682

 13. Shonkoff JP, Radner JM, Foote N. Expanding the evidence base to drive more productive early childhood investment. Lancet. (2017) 389:14–6. doi: 10.1016/S0140-6736(16)31702-0

 14. Franks RP, Schroeder J. Implementation science: what do we know and where do we go from here. In: Halle T, Metz A, Martinez-Beck I, editors. Applying Implementation Science in Early Childhood Programs and Systems. Baltimore, MD: Paul H. Brookes Publishing Company (2013). p. 5–20. 

 15. Culhane DP, Fantuzzo J, Rouse HL, Tam V, Lukens J. Connecting the Dots: The Promise of Integrated Data Systems for Policy Analysis and Systems Reform. Intelligence for Social Policy (2010) Retrieved from: http://repository.upenn.edu/spp_papers/146 (accessed December 15, 2020).

 16. Harrison KM, Dean HD. Use of data systems to address social determinants of health: a need to do more. Public Health Rep. (2011) 125:1–5. doi: 10.1177/00333549111260S301

 17. Hsueh J, Halle T, Maier M. Overview of implementation research and frameworks in early care and education research. In: Getting it Right: Using Implementation Research to Improve Outcomes in Early Care and Education, New York, NY: Foundation for Child Development (2020). p. 177–93.

 18. Levin B. To know is not enough: research knowledge and its use. Rev Educ. (2013) 1:2–31. doi: 10.1002/rev3.3001

 19. Tate K, Hewko S, McLane P, Baxter P, Perry K, Armijo-Olivo S, et al. Learning to lead: a review and synthesis of literature examining health care managers' use of knowledge. J Health Serv Res. Policy. (2019) 24:57–70. doi: 10.1177/1355819618786764

 20. Aboud F, Prado E. Measuring the implementation of early childhood development programs. Ann N Y Acad Sci. (2018) 1419:249–63. doi: 10.1111/nyas.13642

 21. Raikes A, Sayre R, Davis D, Anderson K, Hyson M, Seminario E, et al. The Measuring early learning quality & outcomes initiative: purpose, process and results. Early Years. (2019) 39:360–75. doi: 10.1080/09575146.2019.1669142

 22. Global Partnership for Education. Strengthening Early Childhood Care and Education A Knowledge and Innovation Exchange (KIX) Discussion Paper. Washington, DC: Global Partnership for Education (2019). Retrieved from: https://www.globalpartnership.org/sites/default/files/document/file/2019-007-17-kix-ecce-final-english.pdf (accessed December 15, 2020).

 23. ECD Measure (2020). Technical Guide on Data for Impact in Early Childhood Education. Retrieved from: http://ecdmeasure.org (accessed December 15, 2020).

 24. Metz A, Bartley L. Co-creating the conditions to sustain the use of research evidence in public child welfare. Child Welfare. (2015) 94:115.

 25. Norris DJ, Horm DM. Introduction to the special issue on the use of data to inform early childhood practice and policy. Early Educ Dev. (2013) 24:1–3. doi: 10.1080/10409289.2013.736082

 26. Horm DM, Yazejian N, Kennel P, Jackson C. Educare: a model for U.S. early childhood services. In: Miller L, Cameron C, Dalli C, Barbour N, editors. SAGE Handbook of Early Childhood Policy. Thousand Oaks, CA: SAGE Publications (2018). p. 303–19. doi: 10.4135/9781526402004.n19

 27. Yazejian N, Bryant DM, Hans S, Horm D, St. Clair L, File N, et al. Child and parenting outcomes after 1 year of educare. Child Dev. (2017) 88:1671–88. doi: 10.1111/cdev.12688

 28. Stein A, Simon N, Britten J. Demonstrating Results: Educare Prepares Young Children for Success. Chicago, IL: Ounce of Prevention Fund (2017).

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Raikes, Sayre and Davis. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	METHODS
published: 26 February 2021
doi: 10.3389/fpubh.2021.584575






[image: image2]

Using Evidence and Data to Design an Intervention in the Project Community Model for Fostering Health and Wellbeing Among Adolescent Mothers and Their Children

Nettie Dzabala1*, Mtisunge Kachingwe1, Ibrahim Chikowe2, Carol Chidandale1 and Lotte van der Haar3


1Young Women's Christian Association, Blantyre, Malawi

2Pharmacy Department, College of Medicine, University of Malawi, Blantyre, Malawi

3Utrecht Centre for Global Challenges, Utrecht School of Economics, Utrecht University, Utrecht, Netherlands

Edited by:
Abhay Gaidhane, Datta Meghe Institute of Medical Sciences, India

Reviewed by:
Jeff Bolles, University of North Carolina at Pembroke, United States
 Anuja Pandey, Amaris, United Kingdom

*Correspondence: Nettie Dzabala, dzabalan@gmail.com

Specialty section: This article was submitted to Public Health Education and Promotion, a section of the journal Frontiers in Public Health

Received: 17 July 2020
 Accepted: 28 January 2021
 Published: 26 February 2021

Citation: Dzabala N, Kachingwe M, Chikowe I, Chidandale C and van der Haar L (2021) Using Evidence and Data to Design an Intervention in the Project Community Model for Fostering Health and Wellbeing Among Adolescent Mothers and Their Children. Front. Public Health 9:584575. doi: 10.3389/fpubh.2021.584575



In this paper, quantitative and qualitative measurements of maternal psychosocial wellbeing were utilized in three districts in Malawi that guided decision-making to increase the wellbeing of adolescent mothers and promote the healthy upbringing of their children. The 1-year design stage of the study relied on several sources of information: literature search, prior project implementation of similar projects, discussions with officials at the Malawi Department of Social Welfare, and observation visits in the targeted districts. The approaches for collecting data mentioned were triangulated for the development of a baseline survey. The baseline survey generated systematically collected data of the experiences and recalls as well as the missing data from the preliminary evaluation of the existing data. The baseline data gave the Young Women's Christian Association (YWCA) insight on the type of intervention required in order to give a greater and more holistic effect on the beneficiaries. We also discuss the lessons we learned as to whether the assumptions we had made at the onset were correct. If they were not correct, we explained the measures we took to correct the design or implementation of the project. Finally, the data provided benchmarks for project monitoring and evaluation.

Keywords: implementation science, psychosocial, parental stress, resilience, violence, mother


INTRODUCTION

Young motherhood is a common threat Malawian girls face, which has negative effects on their future as well as the children they bear. For example, resilience, self-esteem, parental stress, exposure to intimate partner violence, and child-mother interaction might be affected as a result of the young motherhood (1–4). In Malawi, 29% of adolescent girls aged 15–19 have given birth (5) and over half of adolescent mothers still remain at risk of becoming pregnant again due to non-use of contraceptives (6). Young mothers may also be amongst the most socially and economically disadvantaged women, thus bearing the brunt of gender-based factors. These include role restrictions, high unpaid workloads and gender-based violence that would also put them at higher risk of common perinatal mental disorders, especially in Low- and Middle-Income Countries (LMICs) (7).

This tendency of becoming pregnant early deprives a significant part of the population from acquiring knowledge and skills to become successful. Additionally, becoming pregnant early could pose significant risks for the psychosocial wellbeing of the young mothers and their children. Young mothers may suffer from depression, which is also a significant risk factor for decreased psychosocial wellbeing and development for their children (8). For example, mothers suffering from depression may have difficulties in engaging in activities that stimulate their children's' development (9), while happier mothers can positively influence the verbal and motor skills and socio-emotional behaviors of their children (10, 11). Stewart et al. (12), in their study of pregnant women and young mothers in Malawi, found rates of depression ranging between 10.7 and 21.1%. In another study, depressive symptoms were common among rural Malawian adolescents where 90% were above the traditional cut-off for screening of depression (13).

Despite the large population of young mothers in Malawi (5, 6), there is currently limited knowledge on psychosocial wellbeing of the young mothers. Insights into the psychological wellbeing of young mothers are crucial for the development and implementation of effective programs for adolescents, adolescent mothers, and their children. There is also limited data about how programs are planned, how the data for program planning is generated, and the challenges and solutions made to enable smooth achievement of the program outcomes. The objectives of this paper are to:

a. Document the sources of information used for generation of data and benchmarks for planning, implementation, monitoring, and evaluating the project;

b. Document the process of design and implementation of the intervention; and

c. Assess the effect of the data and process on the project planning and implementation process.

The paper is structured as follows: First, we describe the methods used for data collection. Then, we describe how we used the data collection to design the intervention and finish by describing our learning's during that process.



METHODOLOGY


Study Context

Although the initial study design was based on reports and observations, systematically collected data was needed for the implementation of the project as well as development of the monitoring and evaluation benchmarks. In addition, since the observations and prior studies had been done at different times, in different places, and were based on different aims and methodologies, it was challenging to come up with a consensus or evidence-based interventions, much as the data provided a baseline for planning.



Data Collection

This was a three-phased, retrospective, and prospective study, done in 1 year. Phase one involved the retrospective data collection method. This process included literature reviews that targeted studies on psychosocial wellbeing of adolescent mothers and nutritional programs that enhance children's health. We conducted a comprehensive literature search of published and unpublished (gray) literature to identify relevant studies of programs to support expectant and parenting teen mothers and fathers using the following keywords: young mothers or adolescent mothers in combination with any of the following words; psychosocial wellbeing, psychosocial support, intervention, intimate partner violence, mother child interaction, resilience, self-esteem, parental stress and evidence-based intervention. We searched in Google scholar, MEDLINE, Scopus, CINAHL, PsycINFO, and ERIC databases. We also searched the gray literature using Google Custom Search to create search queries to examine the entire content of selected relevant websites. Finally, to ensure a thorough literature search, we examined the reference lists of relevant review articles. To be eligible for the review, a study had to meet the following eligibility criteria. First, it had to be a study released between 1997 and December 2016. Second, it had to evaluate a program that supported teenage mothers and their children. To allow for a broad range of programs, the review included studies of programs delivered to expectant and parenting teens using any format, including individual or group sessions and programs taking place in any type of public, private, or institutional setting. Third, a study had to use a quasi-experimental design (QED) or a randomized controlled trial (RCT) impact design to allow conclusions about the causal effectiveness of the program in relation to a comparison condition. Studies could include clusters (such as schools) or individuals. Studies without a comparison group, such as descriptive analyses or pre-post designs, were not considered. Fourth, most of the mothers and fathers in the study sample had to be younger than 18 years of age at intake. Fifth, the study had to examine at least one measure in psychosocial wellbeing of teenage mothers and development of children born to teenage mothers. Finally, studies had to include an analytic sample larger than 30 participants across the treatment and comparison groups. Studies that focused on other areas of teen development and did not focus of psychosocial wellbeing of teenage mothers were excluded. Additionally, studies not published in English and studies published prior to 1997 were excluded. All studies that met the review eligibility criteria were assessed by two authors from the team. Authors assessed the quality and execution of the study research designs using a written protocol to determine whether the study findings were at risk of bias. If there were any disagreements between the two authors, a third author would then review the paper. The literature review produced a total of 347 articles that talked about the described key words out of which 124 met the inclusion criteria.

Phase two involved reviewing documents from previous projects that had been implemented in the study areas by the implementing organization, other organizations, implementation partners, as well as personal recalls or testimonies.

Phase three involved a prospective data collection process, which involved a baseline survey. In each site, 45 adolescent young mothers were recruited for a baseline study (135 in total). The baseline survey provided a needs assessment and further understanding of the situation on the ground. The survey collected data about the psychosocial wellbeing of the young mothers, and the many parameters that were revealed or signaled out in the studies and observation studies that the YWCAMW had instituted earlier. The study collected demographical data, resilience, self-esteem, parental stress, mother-child interaction, and nutritional as well as child growth parameters. This data was collected through meetings and interviews with randomly selected households and individuals. The meetings and interviews were structured through pretested structured demographic and health questionnaires.



Data Needs Assessment

The project implementation needed various kinds of data. Mainly, Malawi data confirming the widely reported problems of young mothers worldwide, existing data for the development of benchmarks for planning, implementation, monitoring, and evaluation of the project, sample projects that have worked on this kind of intervention elsewhere both in the developed and developing countries and project adaptation approaches were sought after.



Preliminary Visits and Observations

Prior studies that identified the mental health status of adolescent mothers were conducted in other parts of the world or parts of Malawi outside our projected study site. As such, observations may differ from place to place because of cultural and individual differences. The YWCA Malawi instituted a preliminary informal study in the identified study sites of Machinga, Mulanje, and Blantyre. Additionally, the Department of Social Welfare was visited to collect first hand data of the parameters of the project that would have been used for project monitoring and evaluation as well as finding out if there were other programs working in the same concept that would provide the needed data parameters (see Table 1). Cases reported frequently concern women and the many challenges they face in these districts for use in the execution of our project. Similar patterns reported in the studies, like high rates of teenage pregnancy and high rates of gender based violence, were also reported at the Department of Social Welfare.


Table 1. Overview of information needed, and whether the information was already covered through the literature review, previous projects, or the baseline study.
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The project sites were chosen due to many cases of teenage pregnancies reported in local media that showed that they were among the districts with high populations and high teenage pregnancies and early marriages (14–16). The large numbers of teenage pregnancies in these areas were attributed to, among others, poverty, traditional practices, and low literacy levels. Previously reported data showed that a large number of young girls and young mothers were particularly vulnerable to these factors. Furthermore, the YWCAMW had witnessed similar trends during earlier work with young women in southern Malawi since 2006.



Previous Projects Data and Experience

The YWCA carried out many projects in these areas emphasizing on Income Generating Activities (IGA) empowerment, and programs to enhance adult literacy. Prior to the activities done in Mulanje [one of the areas of the Grand Challenges Canada (GCC) project with funds from Norwegian agency for development cooperation (NORAD) RAD], we carried out a project in 2014, called “Building assets of girls between the ages of 15–24.” This project was aimed at addressing the sexual and reproductive health and rights (SRHR) of young women. The Mulanje area was chosen because, in Mulanje, only 5% of the girls who undergo primary school complete secondary school. Furthermore, there is a 20% HIV prevalence rate in girls aged between 15 and 19, 26% girls aged between 15 and 19 have already begun childbearing, 20% are already mothers, and an additional 6% are pregnant with their first child. Additionally, over half of the women in Malawi are married by age 18, 20% of the girls have experienced violence, and 71% of girls that experience violence are those who are or have been married. Overall, women are most expected to experience sexual violence between ages 15–19. These facts in the district of Mulanje compelled us to select this location to improve the SRHR situation. The other two sites showed similar statiistics and hence they were also chosen for the study.




RESULTS

The data sources were evaluated in terms of the amount of information they provided to meet the needs of the project and their effect on the project information that was needed for smooth implementation and evaluation of the project. Table 1 below shows the details for this analysis.


Intervention Programs and Their Selection Criteria

As a result of the information gathered from the three data collection approaches, assumptions were made, and several interventional programs were designed.



Assumptions Derived From the Data and Impact on Project Planning/Intervention

Based on baseline data, it was concluded that the young mothers were rooted in poverty. It was also found that young mothers had all the risk factors that make them vulnerable to Intimate Partner Violence (IPV): parental stress, low self-esteem, low resilience, and poor mother-infant interaction. Through the information gathered, it was found that mothers were not able to provide a balanced diet and meet the nutritional needs of their children. The young mothers were not in a position to help their children learn language and communication skills in addition to cognitive, motor, social and emotional capabilities. In sum, the young mothers were marginalized, and their children had poor early childhood development. The problems touched on emotional, physical, and brain development for both the mothers and their children. This knowledge necessitated the design of our project to include multiple domains; (1) psychosocial wellbeing of the mothers was approached through meetings where mothers created a safe space to share their daily challenges in their support group; (2) knowledge was addressed through having facilitators and inviting key stakeholders to teach mothers on various topics like brain development, hygiene and nutrition; (3) early childhood education and stimulation activities were provided for the children; and (4) advocacy in the community and districts were conducted so the adolescent mothers could have continued support. Figure 1 shows other assumptions that were made and how they evolved and guided project activities based on the data generated.
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FIGURE 1. Movement from assumptions to evidence to reaction.




Project Activities

The goal of the project was to improve early childhood development of children born to adolescent mothers and to improve psychosocial wellbeing of adolescent mothers in Malawi. It targeted the first 1,000 (2.5 years) days of a baby's life as it is a period of great brain development. To ensure early brain stimulation and that children were able to reach their developmental milestones appropriately, adolescent mothers were targeted to provide stimulating play activities and developmental support to their children. Adolescent mothers were empowered with parenting skills, nutritional care, child-care, and stimulation, so that they could develop strong bonds with their infants and improve the child's early brain development within the first 1,000 days of the baby's life. Feeding programs were included to supplement what the mothers were already doing at their homes to improve the nutrition of their children.

To help ensure the mother was in a good state to support her baby's development, Psychosocial Support (PSS) was provided for these adolescents to help them develop resilience and manage stress caused by poverty, forced marriage, gender-based violence, unwanted pregnancies, and social stigma. The project conducted monthly intervention sessions where adolescent mothers met to learn different PSS topics to improve their wellbeing and that of their babies. Development of positive parenting skills was critical as they supported the adolescent mothers to acquire and use appropriate skills in the upbringing of their children. More importantly, part of the parenting skills assists adolescent mothers in self-care, which also translates to one gaining the ability or understanding of how the same care given to one's child becomes helpful. The project also had a component of male engagement. This was done to enhance the role men play in the upbringing of children and also to reduce intimate partner violence through counseling.



Activities to Stimulate Early Childhood Education

The activities were indirect with younger children and direct with the older children. For the younger children, the mothers were encouraged to engage in activities that stimulate the development of the children's brain through their mothers. The mothers learned the importance of playing with their children, speaking to their children, singing to their children and the importance of general care and cuddling. This helps in creating a stronger bond between the mothers (caregivers) and the child.

Older children were directly engaged. For instance, the children engaged in play with each other, singing, drawing, and/or playing with toys. All of these helped the child to get to use their entire body as much as possible while also stimulating the different parts of their brain.



Sustainability of the Project

The project is being sustained as most children born to these adolescent mothers still participated in activities done at Community Child Care Centers (CBCCs) that were created during the project. These CBCCs are being run and coordinated by community members making use of the teachers who were trained during the project as well as learning materials that were purchased before. All CBCCs activities that are being done ensures continued growth and development of children. Through our network of volunteers and structures the women continue to meet. They contribute a small fee for the day care of their children and this goes to the upkeep of the children.




DISCUSSION

This paper describes the process of using qualitative and quantitative data to design an intervention targeted at improving young mothers and their children's wellbeing in Malawi. The data enabled the YWCA of Malawi to develop a program intervention that was holistic and tailored to the needs of the community and an effort to have a greater effect on the lives of the beneficiaries. The study enables the project to have a greater impact on the lives of the beneficiaries. The study highlights the importance of engaging communities in the design of an intervention and the importance of adapting the intervention to local parameters based on locally generated information.

The approach of using community experiences, consultations, and a baseline survey was also implemented in a community-based integrated nutrition research program by Oldewage-Theron et al. (17) in South Africa. This data collection approach helped ensure community participation and the intervention's sustainability. In Guatemala, a similar approach was used in the project implementation. A baseline study was conducted prior to project implementation for an integrated project involving agriculture, health and nutrition initiatives. The study generated important lessons that would be critical for effective implementation of projects and their monitoring and evaluation strategies such as information and programs to include in a project, how and where to get the information, required resources, communication channels, required knowledge and skillsets, and evaluation planning (18). The approaches reported in this paper are further supported by Peersman (19) who stated that data collection planning should start with review of existing data from standardized population based surveys like the Multiple Indicator Cluster Survey (MICS) conducted by UNICEF 2013–2014, Demographic and Health Survey (DHS), official statistics, program monitoring data, program records (including program descriptions, a theory of change, meeting minutes and others), formal policy documents, program implementation plans, progress reports and other studies.

The review of the existing data helps in the generation of data collection and analysis methods as well as prioritization of data gaps, feasibility of selected methods, data management approaches, obtaining quality data, developing an appropriate sampling strategy, conducting appropriate data analysis, and addressing ethical issues and practical limitations and implementing good practices. Furthermore, it is stated that baseline data for any intended project is vital for project implementation and evaluation, which helps in tracking changes over time. Where baseline data is unavailable, a systematic method of recall should be utilized if a formal survey is not feasible. Where the former is not feasible, although it may be biased but can be reduced with using survey tools. However, all data should be of sufficient quality, and there must be a robust relationship between different data sources (19).

The study's limitation included the fact that there was no statistically generated sample size due to the lack of baseline data for use in the calculation of a sample size. This limits the generalizability of the conclusions we will be able to draw for evaluation of the intervention. Secondly, the study was carried out in areas with similar cultures, which does not answer the question whether all cultures and societies would allow this type of work be done with its constituents due to the study design and implementation. However, the process of qualitative data collection specific to the Malawian context, e.g., through conversations with the Malawi Department of Social Welfare, is a process that can be used in any context.

The study's strengths included it speaking to an area of research that is lacking (using qualitative and quantitative evidence for effective intervention design), and the tools that we used were robust. The process of using evidence and data to design the intervention ensured that we had the adolescent mother and their communities' needs as factual and not assumed. Therefore, the interventions that were done were likely to produce positive result. This is shown in the paper “Assessing the impact of an intervention project by the Young women's Christian Association of Malawi on psychosocial wellbeing of adolescent mothers and their children in Malawi” by (20). It would be prudent for the policy akers to design their interventions based on data and evidence and not assumptions so that the babies born to these mothers have a chance at a better future and that would also bring about a positive outlook for the Malawi nation as a whole.
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Social media can complement organizational communication strategy which is integral to employee engagement. However, successful case studies which can allow replication are limited. The objective of the study is to describe the design, implementation, and evaluation of a social media-based communication strategy in a tertiary care hospital in Pakistan. The leadership of the pediatric service line developed an intervention plan to engage the employees with the newly reframed vision to improve patient and family experience. An online communication platform—Facebook page—was created for all employees of the pediatric service line. The strategy to influence employees was based on Cialdini's six principles of persuasion. Implementation of the strategy between October 2017 and December 2019 was evaluated for reach, discussion themes, and outcomes using the framework by Murdough (2009). Quantitative indicators included total posts, mean comments, and reactions per post. Posts were qualitatively analyzed with an emergent approach for insights into the discussion. The analysis revealed a total of 9,085 posts, with mean reactions per post of 8.4, mean comments of 7.2, and active viewership by 90% members on average. In terms of post types, photos were the highest (4,779), while videos were the lowest (1,163). Qualitative analysis indicated 54% of the posts were of the theme “inspirational and thought provoking,” while the greatest engagement was generated on the theme “challenges and solution.” The authors conclude that the strategy was successfully implemented to maintain active membership, engage employees in meaningful conversations, and have them express intent to execute quality improvement projects.

Keywords: online communication strategy, employee engagement, Facebook, paediatric, theory of change, patient-centered care, healthcare leadership


INTRODUCTION

Presently, communication is recognized as one of the most significant activities in organizations (1). A culture of effective communication enables the organizations to work toward such challenges by serving four main functions: control member behavior, foster motivation, provide for emotional expression, and provide information for decision-making (2). In addition to this, it further matures the organizational competences through “intense social and communicative processes” (3). Effective communication also allows groups and individuals to synchronize with each other on activities to achieve shared goals and assists them in problem-solving and decision-making and change management practices. In essence, it plays a fundamental role of building relationships among groups and individuals that the organizations prosper on. Additionally, to ensure performance management as well as the engagement levels of employees, effective communication has become imperative for the organization's success. Furthermore, research has also shifted its emphasis to the involvement of employees in decision-making and upward and downward flow of communication. Through effective use of communication skills, leaders can encourage employee engagement by proactively taking measures to ensure engagement concepts such as job satisfaction, motivation, and organizational citizenship behavior. Moreover, faith in a leader, support from the leader, and forming a human-centric environment are reflected as factors of psychological safety that also leads to employee engagement, as proposed by Kahn (4).

Evidence suggests that managerial communication should be repeated several times using a variety of different methods in order to be truly effective (5). The numerous channels of communication used for internal communication include face-to-face meetings, phone calls and conference calls, e-mail, instant messaging, and videoconferencing as well as social media. In comparison, communication has transformed more the rise of social networking (6) leading to considerable changes and prospects for both business and social communication. Social media like Facebook, LinkedIn, Twitter, and blogs are being used in corporate practices for communication and engagement with both employees and customers. Kolzow (7) established that social media has empowered leaders to not just improve their communication skills but also connect with people both inside and outside at a much deeper level. The use of social media is considered as part of transformative culture (8), providing various benefits when it comes to organizational communication. Embracing social media at the workplace causes levels of employee engagement, teamwork, and information management to rise. It also enables gathering and sharing of data on various social media platforms, which may be used as an internal tool to gather, share, and maintain data by the organization (9). Likewise, it also allows the leaders to keep an update with the demands of employees and maintain innovation (10). Through the prevalence of constant advancements, leaders have to adapt their approach as well as their thinking to connect with employees online. Managing an effective social media presence requires time and intensive effort. Nonetheless, by embracing this opportunity and investing both time and energy to connect with employees in a transparent and timely manner can shape the company values and how it is perceived in very powerful ways (11).

Emerging evidence indicates that a change in organizational communication can lead to engaged employees. The healthcare organizations are no different when it comes to achieving their own targets in the form of positive patient outcomes by shifting their focus on employee engagement (12). Additionally, operations in healthcare settings possess a dire need for empathy-based and trustworthy relationships. Both of these aspects encourage people to work and play together online as well as offline (13, 14). Promoting group relationship, teamwork, and harmonization is an essential element to ongoing quality improvement practices (15). An online mechanism along with physical communication and interaction can serve to mobilize the participants. In addition to this, some studies brought light to the significance of encouraging healthcare staff to voice their concerns. Maxfield et al. (16) in the Silent Kills study found that even when encountered with setbacks that threatened patient care, about 90% of health professionals still remained silent. Even physicians would “swallow” their discomfort in similar situations [(17), p. 304]. Moreover, since the nature of work of healthcare workers especially nurses is very demanding and emotionally exhausting, they tend to feel burnout (18). Hence, they should be given opportunities to show their concerns as direct voice is negatively related to burnout (ibid.). The current study uses a communication platform to fulfill the aim of enhancing an organization's functioning by removing limitations related to vocalizing concerns. A unique characteristic of this strategy is that the workers can share their grievances and worries anytime they want by posting on the Facebook group.

Though good communication in terms of interacting face to face is rated to be extremely crucial in clinical teamwork settings (19, 20), however, there has been limited research on communication through social platforms. In fact, many organizations and healthcare institutions have avoided to shift along the lines of cultural transformation by adapting public social communication, due to the risks and ethical issues, reputation, privacy, productivity, training, and education associated with it (21). Latest evidence about the effective use of social media-based communication strategies may help to overcome such criticism especially when work is now largely virtual in the face of the pandemic (22). Successful models will be needed in all organizations but specifically healthcare which is under immense pressure at the verge of breaking down due to the workers facing physical and psychological pressures (23–25). The current study aims to describe experiences from one such model implemented in a healthcare organization. The leadership of the Children Hospital service line had reframed its vision. This implied including patient experience of care as an integral part to optimum services. It was also identified that the pathways to patient experience improved employee experience which meant a huge cultural shift for a largely physician-centric organization. Hence, a social media strategy was devised and implemented to facilitate the transformation. The objective of the study is to describe the design, implementation, and evaluation of the strategy.



METHODOLOGY


Setting and Sample

This study was implemented in the pediatric service line at Aga Khan University Hospital (AKUH), established in 1985. It is a Joint Commission International certified and categorized as a private, not-for-profit. The service line caters to children from birth to 18 years of age with in- and out-patient services and consists of diverse employee cadres providing care to children and adolescents with different health problems. Since all employees of the service line were eligible, a population-based sampling was used. The study sample consisted of about 600 employees working for the service line, out of which 61% were females and 39% males. They were from the following professions: nursing (60%), faculty (11%), trainee physicians (14%), and admin staff (13%), and the rest were allied professionals and research staff. The study was implemented as part of a quality improvement project for improved patient experience of care by enhancing employee experience of care. The study was approved as a quality improvement project by the Aga Khan University Ethics Review Committee.



Role of the Communication Strategy

The communication strategy was designed to augment the delivery of intervention of employee engagement based on the framework (26) as described in Table 1. The framework speaks about enablers that enhance employee engagement through leadership, engaging managers, employee voice, and integrity, which are also known as the “four enablers.”


Table 1. Role of communication to enable employee engagement.
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Gap Analysis

The leadership analyzed the existing communication system and discovered certain gaps that could be barriers in creating awareness of the vision and engagement among employees. The analysis further revealed that the existing communication strategy lacked a proper flow of both formal and informal information. The formal communication existed both horizontally among the departments and vertically that is from the top to the lowest level of the hierarchy. However, the vertical communication only existed up till a certain level of hierarchy, with the lower level employees being unaware of most of the important information. The informal communication was close to none leading to two main issues: approachability and emotional engagement. The employees felt that the leadership was unapproachable, and furthermore, they did not know each other apart from their team members. They sensed an absence of outlet and no value of their opinions, which was the reason behind their disengagement. In addition to a dearth of a consistent feedback system, the policies were also not communicated properly, causing unawareness of a clear vision and, hence, no implementation. Hence, after a quick needs' assessment, communication strategy was redesigned, keeping the employee engagement at the center. Blatant to the technological advancement in this era, this only seemed achievable through the usage of social media. The team chose Facebook as it could incorporate both formal and informal communication for the employees as well as leaders.



Design of the Strategy

The team created a Facebook group—“The Batti Factor,” which means inner light or spark which rages into fire of passion to deal with the grand challenges at the workplace and beyond. The page was meant to include all the employees of the service line. The implementation followed three broad goals with specific objectives and activities (Figure 1). The first and foremost goal was to develop or maintain deep relationships with the employees achieved through bringing a critical mass of employees to the group while encouraging interaction with the vision. Connected to it was the next goal to uncover themes and underlying issues for the leaders to become aware of employee challenges through acknowledging and listening. Once heard, the last set goal was to engage employees to express willingness to implement QI (quality improvement) projects for the challenges identified led by the employees themselves. The objectives were facilitated through ongoing discussions between the employees and the leadership.
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FIGURE 1. Goals for implementing a social media based communication strategy. Adopted from framework by Murdough (27).


In order to influence the employees, the vision was communicated, through commencing approaches based on the six principles of persuasion (28).

• “Reciprocity”: The leadership positions were mentored so that they are prepared to guide the conversations and engage the employees. When they appreciate and show concern, that is when the employees feel they must reciprocate the same positive attitude.

• “Commitment and consistency”: The principle of consistency is based on the power of active, public, and voluntary commitments, which results in people actually sticking to their word. When engaging with online discussions, the members would commit to support the QI.

• “Social proof”: When people are uncertain, they will look at others to make their own decisions. When employees presented their QI projects or participated in an activity, it was ensured to be communicated.

• “Liking”: A tactic was devised that in responding to comments, people similar in nature or personality to the commenter will respond. The employees feel more connected and can relate to people they like.

• “Authority”: The leadership/supervisory positions were mentored to post and respond to comments of the employees in an empathic assertive style. This included the Service Line Chief (SLC), the managerial positions, and others.

• “Scarcity”: The leadership introduced quality projects and communicated to the employees that such initiatives have limited seats available, which seemed to be exclusive to the employees, motivating them to participate more.



Implementation Procedures

For the first 6 months, the task of designing the posts was assigned to a core working team which consisted of a communication consultant (for the first 3 months) and members belonging to leadership roles. The core members were responsible to engage the employees with the posts. There were standard operating procedures (SOPs) for every core member to post daily. Each core team member posted with the intent to engage staff from their respective group, using the principles defined above. Moreover, the leadership consultant also posted occasionally, followed by the core working group.

The implementation of strategy in the first 3 months (October to December 2017) led to a large number of posts which was overwhelming for the team to analyze them thematically. Hence, a proper schedule of posts was formed which stated what to post on a specific day and what is the purpose of it. On Monday, the group had posts of “summer day” which consisted of positive points of the past week as a reminder, while Tuesday was reserved for “voting for interesting topics” and discussions taking place throughout the week on the selected ones. “Gratitude” posts were shared on Wednesdays to spread positivity, whereas discussions on “grievances” were done on Thursdays and “appreciation” posts for individual members or groups were presented on Fridays.

In addition to this, the following ground rules were also created for the core working group:

1. Every member has to respond to a question addressed in the group.

2. One new idea/member/week: This idea will revolve around the transformative process. How can we make it better? How can we learn from data to make the process effective? How can we increase engagement? Any ideas regarding data analysis? How can we increase the success of QI projects?

3. Every member will have to put a post every alternate day on the group. The post has to be thoughtful. Discussion should be provoking and should revolve around solutions to pain points.

As part of the monitoring strategy, the team kept a record of all the posts. In the first few months, data was analyzed each week followed by monthly analysis. The following quantitative indicators were selected as provided by Facebook insights and sociograph:

• Percentage of active members (members who have viewed group content) in a given time period

• Number of total posts uploaded

• Mean comments (the average amount of comments on a single post)

• Mean reactions (the average amount of reactions on a single post)

• Mean ratings (calculated as 3*comments + 2*likes) per post

Analysis also included the top contributors and most viewed posts. Another objective was to develop an understanding and become aware of the posts that interest employees the most and how that could be utilized in increasing their engagement levels. The posts were recorded in an Excel file by a research associate (an organizational psychologist) with the title, person who posted it, date, type (status, photo, video, or link), number of likes and comments, and thematic analysis of the comments and were coded according to their themes. The themes were coded based on the central idea of the posts; e.g., if a post was meant to inspire and motivate or bring/encourage positivity, then it was coded as “motivational and inspirational” or “positive change.” The analysis was supervised by a core group member who was assigned the responsibility (last author). The analysis was discussed among the team and relevant decisions were taken to design the strategy for the next week.



The Evaluation Framework

Implementation of the communication strategy was evaluated using a framework by Murdough (27) customized for the goal of employee engagement. The original framework was presented for social media programs targeting marketing. The metrics were around three pillars framed to navigate the complexity of the social media data (Table 2). “Reach” assesses the extent to which the team was able to spread their message of the respective strategy. This was measured through the base-level indicators such as the number of members and the posts uploaded in the group along with the profile examination of the added members. “Discussion themes” caters to the ways employees are being engaged in the group and how it is being measured. This is measured by observing ratings, comments, and topics/themes per post. On the other hand, qualitatively, thematic analysis, leadership roles, and discussed topics on the group are noted. “Outcomes” of the employee engagement was evaluated by estimating the number of employees expressing intent to implement QI projects and how many of these projects are linked to the reframed vision.


Table 2. The evaluation framework.
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An engagement survey was designed to evaluate the ongoing strategy. The survey explored whether the employees viewed the engagement initiative to be useful by incorporating questions such as whether they are aware of the strategies for the respective incentive, which one was the most effective, whether they themselves were active, and the reasons for engaging on the Facebook page. The responses from the questions based on the Likert-type scales were summarized and analyzed using descriptive statistics. A few open-ended questions were also asked in the survey which included their preferences on the type of posts they would like to see, the changes or challenges they have observed during or after this initiative, and any suggestions. This was asked mainly to develop comparatively new and better strategies.



Data Management and Analysis

Quantitative indicators were collated using the sociograph software (29). The indicators remained the same as used in the monitoring strategy. For qualitative analysis, the data about each post was gathered on a daily basis in terms of the posts, reactions, views, and summary of comments each post received on an Excel sheet. These were thematically analyzed by an associate and reviewed by the senior author for agreement using an inductive approach (30). Analysis is presented as frequency and percentages or mean as applicable. The evaluation data was interpreted in accordance to themes and time frames. It was essential to opt for these approaches together because the authors felt the engagement should not be evaluated just by analyzing the themes that emerged throughout but also by being aware of how the levels of engagement changed over time and the underlying factors behind it. The analysis examined all the posts and sorted them according to their purpose (theme) and then presented as a time frame evaluation, emphasizing on the engagement and most recurring theme and the possible factors that may have influenced employee engagement.




RESULTS


Reach

In the first 3 months of the intervention, about 130 members had joined the Facebook group with ages of 18–46 and above. There was a gradual increase in members which was noted yearly till 2019 when there were altogether 625 members by December 2019. The data suggested that the number of active members has been mostly constant throughout (90%). An analysis of posts between October 2017 and December 2019 indicated a total of 9,085 posts (Figure 2).
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FIGURE 2. Group activity: October 17 to December 19. Source: Sociograph.




Discussion Themes

Of the 9,085 posts, total reactions of 65,930 and total comments of 63,446 were recorded with mean reactions per post of 7.3 and mean comments of 6.9, respectively (Table 3). In terms of post types, photos were the highest (52.9%), while videos were the lowest (12.8%). The thematic analysis indicated six broad themes: challenges and solutions, informative, inspirational and thought provoking, acknowledgment and appreciation, recent updates, and compassion (Table 4). Each one having a different dimension made a major contribution in terms of aggregating engagement and building a robust network. Collectively, there were more than half posts for “inspirational and thought provoking” (54.5%), and the rest of the thematic posts were below 20%. Even though the posts for “challenges and solutions” were the lowest (0.3%), the employee engagement as indicated by mean ratings (111.2) and mean comments (30.6) was the highest.

1. Challenges and solutions: The theme “challenges and solutions” entailed all the posts that were related to challenges not only based on patient experience or organizational level but also catered to the limitations faced by the employees as an individual.

2. Informative: This theme served the purpose of educating regarding numerous topics that connected the employees to the organization and its patients at a whole new level. This also involved providing them with newsletters, insights from a recent article, useful tips that can be applied professionally, and other valuable information.

3. Inspirational and thought provoking: An important part of communication is to converse with the employees in a manner that inspires them and encourages them to think “out of the box.” The posts for this respective theme were selected with the aim that employees mold themselves in every aspect and become a better version. The content of this theme included how to act when dealing with people, inspirational stories, never give up or lose hope, emotional mastery, motivational quotes, etc.

4. Acknowledgment and appreciation: “Acknowledgment and appreciation” served the purpose of appreciating the employees for their achievements and hard work. In order to appreciate them at an individual level, an initiative called “Person of the Week” was introduced in the first half of 2018. A total of 82 posts appeared from this scheme. This was different from the other posts as the person was selected on the basis of nomination. Anyone in the group could suggest a nomination with the page administration team under a criterion shared on the group which included not just being good at work but also showing compassionate behaviors. The “Person of the Week” was announced every Friday with a picture and a paragraph written about the person's strengths. This post in particular was the most anticipated and received the most likes and views (Table 5).

5. Recent updates: This was originated to keep the members informed and up-to-date regarding the happenings of organizations. The posts were mostly regarding organizations' workshops, sessions, meetings, or events taking place. It was believed that this initiative further increased employees' trust in the organization.

6. Compassion: An essential requirement for working in a healthcare organization was to be compassionate to others. Hence, numerous posts regarding soft skills were presented to develop the feeling of compassion in employees. Another reason for this theme was that sometimes participants also face indifferent encounters from their mentors, but they are unable to confess about it. Therefore, this theme provides a feeling of comfort that the employees are being heard and understood.


Table 3. Data trends of the Facebook page over the study period.
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Table 4. Summary of posts by themes over the study period.
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Table 5. Employee feedback about being selected “Person of the Week”.
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An interesting thing to note was that the four enablers (MacLeod and Clarke, 2019) were also submerged in these comprehensive themes, with instances of overlap. The enabler “leadership” comprised posts about significance of patient experience and tied it with larger human experience values like compassion; “employee voice” was mainly concerned with “challenges and solutions” as it raised employee concerns; however, employees also made posts around other themes. Lastly, the enabler “engaging managers” included posts around engaging employees through supervision and mentorship which were covered under the theme “recent updates” and “informative” while also appreciating employees through “acknowledgment and appreciation” posts.



Outcome: Expression of Intent to Implement QI Projects

Employees expressed intent to engage with QI projects and regularly updated on the page about their plans and execution status. The content of QI projects came from facilitated discussions based on employees' concerns, challenges, and passions. The said initiative began through a post uploaded by the SLC, which stated:

“One problem, one solution challenge. This challenge entails identifying 1–2 of your colleagues in SL-4 who should identify one problem that deals with patient care and one high quality solution to solve it. I identify that patients are not greeted when they come to the ward?

Solution: for every admission the respective team leader (nursing) and senior resident of that team will go and greet them and tell them what to expect. I challenge SI, MR, ZM, JJ, AI, RH and SG.”

(Status, SLC, October, 2017)

Many participants actively responded to the above post, of which a few responses were as follows:

“The most painful challenge is seeing that the patient is not treated with respect and dignity at times.

Solution: Teach staff to treat people with respect by modeling and treating the staff well. Ensure a clear mentorship strategy for all the staff dealing directly with patients.”

(Comment on Status, Faculty, October 2017)

“Respect for Juniors. Solution: Before the rotation, discuss their expectations. Treat them as colleagues, train them, feel accountable to them. At the end of the rotation, get face to face feedback, ask them what they would like to be changed? Juniors love to know that their opinion matters, they feel empowered and that motivates them. Make their experience so enriching that they want to join SL4!!”

(Comment on Status, Faculty, October 2017)

“I feel bad when a child looks at me and starts crying although I didn't touch him … so I see there is a lack of rapport and trust between the nurse and patient. The concept of children is that nurses are there only to hurt for e.g., insert cannula or administer medication or do suctioning which gives them a painful experience and thus creates a negative image of a nurse. Solution: A specific time should be allotted for play therapy, we have a small play area and I think we should utilize it well. Assigned nurses may take their patient's to play area and spend a little time with them, this will help in gaining their trust and build a good rapport.”

(Comment on Status, Nursing staff, October 2017)

“Challenge for patient escort from admission office to inpatient areas. Solution: there is some designated SL04 staff, he/ she greets, escorts new patents from admission office to wards and teach basic facilities which are provided by hospital during patient stay (not clinical), e.g., water cooler, attendant's food, visiting time, feeder sterilizer, prayer area and play area.”

(Comment on Status, Service coordinator, October 2017)

As part of the initiative, participants frequently provided updates on their or others' RPMs by uploading status, video messages, and even photos:

“The most awaited and the thrilling update by Dr. NA on his RPM..!!”

(Video message, Faculty, January 2018)

“Dr. PC RPM update and gantt chart

Outcome: To give absolute sense of certainty to the parents of children with epilepsy by creating awareness about the key steps at the time of active seizure”

(Photo and video, Trainee physician, January 2018)

“Dr. IN is telling us about his RPM focusing on residents and fellows involvement in research.”

(Photo and video, Faculty, January 2018)

“Rocking OR [Operating Room] to Cardiac to Pediatric ICU [Intensive Care Unit] handover RPM by Dr. MM with QA SA and TF. Great work and good luck!!”

(Photo and video, Faculty, February 2018)

Moreover, a few participants even shared the impact of RPMs and appreciated the members who contributed toward planning and executing it:

“The impact of Dr. AF's RPM was not confined to Faculty, Residents and students.

Our Nurses felt equally empowered. Here are nurses sharing their perspective.”

(Video, Communication consultant, January 2018)

“Posting after a while. I really want to give a shout out to SS for leading the meeting with emergency medicine for our handoff RPM. I have worked with SS as her supervising fellow when she was a resident, as a faculty supervisor while she was in research and now as her fellow colleague. SS has evolved as a teacher and as a physician and is showing increasing skill and maturity, providing innovative solutions to complex problems, all with grace and compassion. She has always gone out of her way to help everyone (yours truly included). Thank you SS. You are a leader.”

(Status, Faculty, February 2018)

Feedback was also taken in form of an uploaded status on the Facebook group:

“Are all team leaders enjoying the RPMs activity? Team members please give your feedback about your team leaders and if you are facing any challenges please comment. Below is the list of RPMs with their Team Leaders. If I forgot anyone..please add them.”

(Status + photo, Faculty, January 2018)



Principles of Influence

This section expands upon the posts that were designed following the Cialdini's principles of influence and used as a means of engagement. Even though every post was intended to be based around a single predominant principle but the discussion on the themes entailed other principles for example, real challenges were highlighted and responded to by the core group members (reciprocity), taken notice by the higher leadership (authority), and engagement led by the immediate supervisor (liking).

1. “Reciprocity” was observed to be present in most of the posts to encourage the employees to connect, discuss real issues and challenges, and provide an opportunity to hear and empathize with them. One example in which a nurse manager posted regarding reducing nursing documentation:

“CNI (Clinical Nurse Instructor) NN of PICU (Pediatric Intensive Care Unit) is leading the RPM [QI] of reducing nursing documentation in children's hospital along with Farheen from outpatient. So, I request all the staff who want to join them: please come ON. A great opportunity to bring about the change.”

(Status, Nursing manager, January 2018)

Moreover, posts based on this theme were also meant to appreciate employees contributing in a positive manner to the respective initiative and encourage others to improve their performances. For instance, communication consultant Khan appreciated the five contributors on the group and posted a video along with a status which stated:

“A loud shout out to our top 5 contributors on the group! You guys are simply awesome and your engagement on the group is highly appreciated!!

And for the rest of the crowd! Get your A Game ON! This is happening for YOU!

High Fives!!”

(Video, communication consultant, January 2018)

2. The notion of commitment and consistency was visible in posts where employees shared a challenge that upset them or were engaged during discussions to commit to lead QI projects or support resolutions by the respective supervisors and leaders. Two examples of posts that depict this principle are mentioned below:

“We need to equip ourselves with skills which help our girls thwart malicious intent but more importantly as medical practitioners help the zainabs who survive, recover and thrive.”

(Status, Physician, January 2018)

“Finally!!! Launched the resident mentoring RPM (Rapid Planning Method). First session of the principles of research methodology course underway by …. The objective of this RPM is that our residents produce best quality research which is publishable in high impact journals and not merely done as a requirement for CPSP. The course itself will be conducted by faculty from the department of pediatrics who have extensive experience in pediatrics and public health research and will be a mix of didactic sessions and hands on exercises on epidemiology and data analysis. The course is open for all residents and fellows but mandatory for year one residents. Outcome is to have a synopsis developed and submitted by the end of year one. Second part of RPM will be one to one pairing of each resident with a research faculty for mentoring along with their supervisors.”

(Status + photo, Physician, July 2018)

3. Social proof was brought in through the intervention activities that were shared on the page or giving examples of other members to encourage others for participation.

“Don't be ashamed of your story … it will inspire others. Who has some real stories to share? Let's get the word out!”

(Status + photo, Communication consultant, December 2017)

“For all those who wanted to know the power of this page—Here is just one example of what YOU can do! Issues that never were talked about and addressed in years are now on the table and actions are being planned to resolve them. Now is the time to speak up and take accountability of your actions and get in the movement of change because it's YOU who will bring it and it's YOU who is trusted by the leadership for this transformation.”

(Status + video, Communication consultant, January 2018)

“Here's how SS spreads the Batti in the RPM presentations on Tuesday, November 14, 2017. His energy was on, his physiology was game on, and his batti was completely charged up and everyone could feel it! This is what we are looking for in RPM. If you know your purpose, if you know why you're doing it and the importance of it for YOU. There's no stopping from there man! High Five SD”

(Status + video, Communication consultant, November 2017)

4. The principle of “liking” arose in posts that received elevated responses through likes or comments. This was mostly observed where supervisors voluntarily or after encouragement responded to posts uploaded by the staff, since appreciation from the supervisors mattered. Examples of these posts included where appreciation was shown in numerous ways such as announcing the “Person of the Week.”

“Congratulations Mr. WD-Person of the Week”

(Status + photo, Research team member, February 2019)

“I am feeling so honored to share that in yesterday's nursing Grand Round, all the appreciation was shown for 2017. And Children's Hospital had the highest number of appreciations throughout the year. THANK YOU ALL FOR MAKING US PROUD!”

(Status, Nursing manager, April, 2018)

5. Authority was incorporated through members in leadership roles, making special efforts to share or respond to different posts in the group.

“Who wants to criticize and who wants to fight? Let us all pledge to know the lows of failure and the high of success. Let us all pledge to solve rather than complain. Who is with me on this one? Say yes or mark like.”

(Status + photo, SLC, November 2017)

“The TOC workshop? Yes but much more: This is a demonstration of the dedication of the SL4 leadership toward the patients. You've never seen this before in AKUH—the Academic Chair, the SL Chief, the Business Manager, the Nurse Manager and senior doctors meticulously working with the SL team to ensure the execution & delivery of the RPM's at a superior level. This quality of commitment & energy is what it takes to give a sense of certainty to the patient—it's not easy to change habits, mindsets and actions but it can be done. This is how it's done and that's why we're able to achieve results in months vs. the traditional years! Over the last 6 months the Core Team has consistently led by example; making the difficult decisions, doing the hard work and putting the team first. That's how the RPM teams were created and that's how the RPM teams have worked for months also. No egos & no ranks—all one team! When we celebrate our victory, people will only see the end result, they will not see the days, weeks, and months of hard work we all put into this, but we will know—that's why this is a labor of love—Batti!!”

(Status + video, Leadership consultant, April 2018)

6. Lastly, engagement was prioritized by implementing the principle of scarcity which involved having posts on opportunities of participation in different trainings, events, or sessions.

“Anyone interested in the responsive play training pls inbox me or comment here. An inspirational training to learn how-to engage kids and maximize their potentials, be all set to handle your kids nephew's niece grandkids. Open to everyone in SL4, nurses, physicians, SLC, chair, CEO too.”

(Status, Faculty, November 2017)

“This is a once in a lifetime opportunity to learn, grow, and contribute to a rare transformation event. When you feel that sense of certainty and find yourself ready to make a decision to be part of this team, show up to the meeting on Friday 17th November at XYZ room and you'll be given more details. This invite is specific to you alone. Please do not share it. If you feel someone else also qualifies, let one of the core team know for an invite.

BATTI on hai for CHANGE!!”

(Invitation for volunteering session, Core team, November 2017)



Time Frame Evaluation

The next section presents findings by different phases of the intervention. The analysis led to the emergence of four time frames with each phase indicating important findings that shaped the following one.


Phase I: Embedment Phase

The initial embedment phase that occurred from October to December 2017 involved designing the intervention iteratively with quick data analysis every week. This embedment phase also included requesting people to join the page; however, getting this message across till the grassroots was a bit challenging and cumbersome. The group consisted of only 69% of members as some employees did not readily join the page despite having a Facebook account while others created a Facebook account when they were told about the page. This segment was also initiated to examine how the members would react to the new platform that was being designed for the sole purpose of communication. Moreover, it also served the purpose of exploring which posts engaged the employees the most. According to the statistics, 11.8% of the posts were recent updates on the organization's happenings, while 75.7% were “inspirational and thought provoking.” The members mostly used to express themselves through posting photos (51.5%) or links (22.4%), which was the second highest. This period had the highest mean ratings (46.7) and the lowest mean comments (9.2).

The weekly analysis indicated that posts generally revolved around topics like purpose of life, the process of change and transformation, leadership, passion for work, and importance of struggle and success. The comments were based on sharing personal opinions and having intellectual discussions. Even though engagement was progressing, the leaders had to ensure that they had fully gained the employees' trust and certainty. Hence, it was planned to apply the strategy of listening to employees and showing a positive attitude toward them, in the next phases. The leaders intended to target the junior staff, especially the nurses, for the said strategy. The research team decided to first meet the nurses, understand their needs, and then design posts for them.



Phase II: Trial Phase

The phase was started with a survey to evaluate the communication strategy. The sample included 32 participants, out of which 12 were ward staff, four trainee physicians, one nursing instructor, eight faculty, and seven staff from intensive care units. Even though the sample size was not enough to generalize the findings, it gave helpful insights to inform the intervention model. The survey results indicated about 80% people used the page to keep themselves updated and stated that Facebook was rated as by far the most successful strategy for engaging employees in the initiative. They specified that they would like the appreciations and updates the most on the Facebook page and would like to see more of such posts along with new knowledge and ideas, discussing real challenges and issues, and following up with suggestions by the leadership. Furthermore, when the employees were asked regarding the changes they could observe since the initiative started, they stated that they could observe more and improved communication between senior doctors and trainee physicians and nurses. They also stated that they could feel positive attitudes around, where individuals were willing to change and were rejuvenated. Through this survey, they further clarified that the reason 75% of them do not comment on posts is because either they did not have the time or they feel they could not relate to the post. These were important insights and informed the strategy for the next phase.

In this phase from January to June 2018, the active users increased to 93%. Analysis of this phase indicated that there were a total of 1,475 posts (16.3% of the total posts) with 49.4 mean ratings, 10.5 mean reactions, and 9.4 mean comments. These statistics suggest that the strategies were effective to a great extent as the employees used the platform to share their achievements and connect with other employees. A further breakdown of this indicates continued energy into the first 3 months with an equal number of average comments of 11 per post. The next 3 months saw a decline in the number of comments per post to 7 per post, while the number of reactions per post slightly increased to 12. This can be related to the fact that the main intervention phase ended in March 2018 and the effects can be seen on the engagement indicators.

The “inspirational and thought provoking' theme had the most posts (52.7%). This was because SOPs were initiated, and infancy stage rudiments started forming during this interval. Informed by the survey, “Person of the Week,” a scheme of “acknowledgment and appreciation” was also introduced at the time, and it had a total of 82 posts. The percentages of post types remained the same with photos (45%) taking the lead followed by statuses (22%).



Phase III: Sustainability Phase

Comparatively, the following juncture, i.e., July to December 2018, had lower posts as compared with the previous one and the active members were about the same−91%. The posts were 46.5% of pictures which is the highest; however, this time, the videos had the least posts with only 14.3%. Moreover, the “inspirational and thought provoking” theme was still at the top with 60.7% posts, while “challenges and solutions” had zero posts which was the least. This indicates that the participants were falling out of the challenging circumstances as these were already discussed and resolved in the first two phases. Even though the number of posts remained about the same, the number of mean comments, reactions, and ratings have decreased to 3.8, 6.1, and 23.7, respectively.

An organizational psychologist and Director Patient Experience of Care was appointed to maintain consistency in engagement and also help in making the work environment more conducive. A few training sessions were also organized to teach employees on how to improve their soft skills and also form a strong relationship with mentors and peers. Moreover, the moderators of the group tried to incorporate “informative” posts that focused on the employees' fields. These included posts on organizational psychology, play therapy, teaching methods, research studies, etc.



Phase IV: Settlement Phase

Toward the final stage, things started to normalize in the Facebook group and submerged as part of routine. The data deduced for this phase was from January to December 2019, comprising 5,501 posts (60% of the total posts in the study period) with about half of them being photos. The “inspirational and thought provoking” theme posts were still taking a lead with 51.9% followed by “informative” theme with 20.5%. It is interesting to note that all the theme posts had increased in terms of percentages except for “challenges and solutions” which remained zero and “inspirational and thought provoking” decreased by 8.8%. Furthermore, a downward trend can be observed in engagement with respect to mean comments (2.1), mean reactions (5.6), and mean ratings (17.6).




Top Posts

We also extracted the top 15 posts with the highest ratings, of which seven were from “acknowledgment and appreciation,” five posts from “inspirational and thought provoking,” two from “challenges and solutions,” and one from “recent updates” (Table 6). It was also noted that seven of these highest ratings posts were from the “embedment phase,” which was the highest. On the other hand, four were of the “settlement phase” followed by three belonging to the “sustainability phase” and one from the “trial phase,” which was the lowest.


Table 6. Top 15 posts with the highest engagement indicators as indexed by post rating.
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DISCUSSION

The present study aimed to evaluate the implementation of an innovative communication strategy employing a social media platform (Facebook group). The findings indicate that the strategy managed to engage the employees with the Facebook group created as indicated by the number of posts (9,085) and consistent number of active members (90%) in 27 months. Multiple employees expressed intent to carry out QI projects voluntarily indicating success of the strategy. The group was created to connect the organization to its employees, understand their needs, inform them how to provide the best employee experience based on their needs, inspire them to lead initiatives for resolution of challenges, and maintain transparency. It can be speculated that when the employees felt that the organization was interested in hearing them to alleviate their pain points, this led to development of a sense of belonging and connection to the organization and a sense of community, facilitating their engagement with the platform. According to Preece and Shneiderman (31), online support communities have a well-defined and narrow community which increases the probability of users to contribute and collaborate. Furthermore, a culture of compassion, i.e., altruism for willingness to collaborate, showing empathy, and a sense of belonging, also fosters greater participation (ibid.) which is critical in the healthcare setting where patient experience hinges upon empathetic care.

The current communication platform proved to be integrative for employee engagement strategies facilitating the four enablers (26). Strategic vision was laid out by leadership through an appropriate communication specifically created for the purpose. An appropriate strategy helps in directing the communication and engaging employees in a productive manner. On top of that, employees receive higher satisfaction when they are informed on how their jobs conform to the organizational mission, the institute's policies and plans, and professional relationships residing in the work environment (Grunig et al., 2002). Another important element for success of the revised communication strategy was the focus on maintaining transparency, keeping leadership approachable, and establishing an informal communication, which in turn promoted integrity. Other similar initiatives based on the social exchange theory (32) have illustrated that when the organizations show concern for the well-being of its employees through practices and systems like transparency, resolving concerns, and consistent and timely feedback, the employees reciprocate through positive work attitudes. The key was to understand employees and engage them in the process of building an integrated work culture based on the new vision. Once the understanding was established, employees sought appreciation; wanted to avail the freedom of voicing and discussing their grievances and be aware of the vision, policies, and their rights; and build relationships. According to Preece and Shneiderman (31), reciprocated emotional support and commitment can highly enhance members' retention as compared to information only. Moreover, it also encourages them to stay engaged with the online community (ibid.).

The findings of this study gave an interesting perspective into engagement of the employees over time. The numbers of posts increased throughout the period, whereas the number of comments and reactions decreased gradually. Apart from this, “challenges and solutions” was the most recurring theme in the first half which at times became overwhelming for mentors to respond to. It was observed that the employees expressed many grievances mostly through comments and reactions as this was the first time they felt that they were important and their opinions and sufferings mattered. However, the numbers decreased over a period of time as efforts were made to find resolutions to the challenges. The number of posts increased overtime indicating acceptance of the platform which filled a major gap. Furthermore, they also felt comfortable to voice their opinions and, more importantly, share their achievements with each other. Likewise, the number of statuses increased after the first 6 months, possibly due to the fact that employees are comfortable to share their opinions and ideas.

The group viewership remained constant and did not decline in any phase. Among the post types, the visual material, i.e., photos, appeared the most on the Facebook page. A possible reason could be because they are considered to be appealing which has also been deduced in other studies, though for other reasons using different platforms (33, 34), and hence, most participants chose to post their content through photos. Additionally, the theme “acknowledgment and appreciation” was viewed the most overtime due to the inauguration of our scheduled post, “Person of the Week.” This post in particular was the most anticipated and received the most likes as it displayed the opportunity to find good in others which promoted selflessness and nourished peer-to-peer relationship. A three-way approach was applied for this scheme which implied that not only a post about the specific person was shared on the group every Friday, but his/her picture was also printed and placed on the notice board of every unit. Every so often, the employees were awarded without informing their supervisors; however, later, it was realized that it is important to keep the supervisors in the loop. Hence, the person also received a copy with appreciation from his/her supervisor. In addition to this, the workers who were awarded with this title were also given the opportunity to meet Pakistani celebrities—Mehwish Hayat and Shehzad Roy—in 2019. This made the employees feel valued possibly promoting organizational citizenship behavior. In short, social media was used to complement other existing modes of communication (35). The most appealing part for the employees was to have the autonomy for nominating a peer—taking away from just leadership having a say. Since all employees were allowed to suggest a nomination, the award was accessible to every individual regardless of their work nature and position in the organization. This led to a reduction in hierarchical gaps of the organizations and further motivated the employees. A remarkable example was when a housekeeping staff was awarded with this title and appreciated by the CEO in his office. This moment was captured and, with their consent (Supplementary Figure 1), was shared to the group and in this study.

Online communities allow more than just letting individuals communicate and share goals. It provides them with the support they seek, through acknowledgments and appreciations, exchange of emotions and grievances, provision of support when needed, and acquaintance on a personal level (36, 37). Human beings possess an inherent need of sharing their emotions and feelings, but if that is suppressed, it results in a disengaged workforce for organizations (38). The study confirms that social media platforms can be used to appreciate employees on a larger scale to make them feel highly motivated. This is very much in line with the key principles of effective positive reinforcement strategies.

The strategy, though implemented before the coronavirus disease 2019 (COVID-19) era, is highly relevant to the workplace context today. The prevalence of the pandemic followed by a lockdown caused struggle among humans in managing emotions and adapting to the changes post COVID-19. Nearly all organizations are also struggling with maintaining professional relationships as they have to put in an extra effort by creating and implementing flexible strategies that cater to employees' needs. In such times, social media platforms have proven to be a strong foundation for maintaining relationships and connections virtually. The Facebook groups are a good source of support in such times. People share their stories, fears, and emotions; discuss how to cope up with the pandemic; and reach out for help when needed. The need has increased more than ever. Hence, organizations must consider adopting those online communication strategies that aim to maintain relationships and monitor the mental well-being of its employees.

Through this initiative, we have realized that the specified Facebook indicators seem promising as a valid measure of emotional engagement. The employees invest extra efforts to add value to their respective organizations once they realize an emotional connection with it. Similarly, the present study indicated that the posts and comments are being done on a voluntary basis; therefore, we believe the driving force for this is their emotional engagement. We further learned that to ensure efficiency and effectiveness, dedicated individuals, clear SOP, and a clear plan around posts are required for this communication strategy. Thus, individuals must possess the knowledge and understanding of the organizational needs as well as human behavior. Moreover, an inclusion of constant feedback is also essential to further sustain effectiveness. The engagement survey can be utilized to assess employees' perceptions about the page and suggestions for improvement.

There are several lessons from the intervention (Table 7). In order to engage the employees with communication strategy, it is important to include content that matters to them, e.g., recognition. Secondly, the employees themselves know better what can motivate and involve them; henceforth, taking their feedback into account at regular intervals is imperative. We found that Cialdini's principle of reciprocity is the most effective for engaging employees, and effort must be made to respond to each employee by the respective leaders and their managers. This requires adequate human resources to not only promptly respond to employees but also respond in a manner that makes them feel heard. This can also be a means of modeling reciprocity which can translate to employees. Another important lesson learned was the need of a clear evaluation plan for the strategy. Qualitative analyses of social media data can reveal critical insights but can also be very time consuming, and resources have to be dedicated accordingly. Apart from this, trainings should be provided to both employees and leaders as not everyone is in the habit of using social media or how to get the best from it. They have to be informed regarding the advantages and must be enabled with the skills required to get started. A phased approach to roll out strategy gradually can be used with the respective supervisors trained to respond to the employees. Moreover, the process of reviewing the data generated from the Facebook group and improvising the strategies themselves was time consuming. Hence, modified strategies with reduced shortcomings that also align with the vision of the organization should be created for communicating through social media. It helps in directing the communication and also how to engage the employees in a productive manner.


Table 7. Key lessons learned.
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There were certain strengths and limitations associated with this study. The strength of this study is the utilization of multiple approaches to enhance and measure employee engagement generally and over time, especially in the healthcare organizations residing in LMICs (low- and middle-income countries). It also opens avenues for other organizations to implement a similar strategy in various contexts and situations (e.g., COVID-19). A strong aspect of the implementation was the removal of hierarchical boundaries by encouraging acknowledgment and appreciation of efforts at all levels. Furthermore, the implementation team included an organizational psychologist and an experienced behavior scientist adding rigor to the process. The limitation is that though engagement surveys were planned for evaluating each phase, it was only possible to conduct it once due to lack of human resources. Moreover, the quantitative indicators revealed variation in engagement levels with respect to time frames and themes, but the analysis had failed to incorporate participation on the basis of employee cadre. It was overwhelming to be available to respond to numerous comments by the frontline staff about their pain points which some were newly discovered; hence, a need for teamwork including their supervisors was necessary. Lastly, the analysis was conducted by the research team who were also a part of the workforce; hence, there was a likelihood of bias to emerge in the evaluation.



CONCLUSION

Every organization develops its own culture based on the values established due to which the requirements and goals differ. An integrative approach should be applied as a single strategy cannot be efficacious. The current study successfully implemented a social media-based strategy with the aim to engage employees. However, it is important to note that it was not a replacement for other mediums of communication; rather, it complimented the existing strategy. Lastly, along with the appreciation and recognition at multiple levels, it is also important to utilize the strategy to be informed about what matters most to the employees (39).
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Objective: This study presumed that a high or low body mass index (BMI) might increase the risk of infant mortality. Therefore, a meta-analysis was performed to systematically assess the association between maternal BMI and the risk of infant mortality.

Methods: The electronic databases, including Pubmed, Embase database, and Cochrane Library, were systemically searched by two investigators from inception to November 26th, 2020, with no language restriction. In parallel, a dose-response was assessed.

Results: Finally, 22 cohort studies involving 13,532,293 participants were included into this paper, which showed that compared with normal BMI, maternal overweight significantly increased the risks of infant mortality [risk ratio (RR), 1.16; 95% confidence interval (CI), 1.13–1.19], neonatal mortality (RR, 1.23; 95% CI, 1.08–1.39), early neonatal mortality (RR, 1.55; 95% CI, 1.26–1.92) and post-neonatal mortality (RR, 1.18; 95% CI, 1.07–1.29). Similarly, maternal obesity significantly increased the risk of infant mortality (RR, 1.55; 95% CI, 1.41–1.70), neonatal mortality (RR, 1.55; 95% CI, 1.28–1.67), early neonatal mortality (RR, 1.37; 95% CI, 1.13–1.67), and post-neonatal mortality (RR, 1.30; 95% CI, 1.03–1.65), whereas maternal underweight potentially decreased the risk of infant mortality (RR, 0.93; 95% CI, 0.88–0.98). In the dose-response analysis, the risk of infant mortality significantly increased when the maternal BMI was >25 kg/m2.

Conclusions: Maternal overweight or obesity significantly increases the risks of infant mortality, neonatal mortality, early neonatal mortality, and post-neonatal mortality compared with normal BMI in a dose-dependent manner. Besides, maternal underweight will not increase the risk of infant mortality, neonatal mortality, early neonatal mortality, or postneonatal mortality; instead, it tends to decrease the risk of infant mortality. Early weight management may provide potential benefits to infants, and more large-scale prospective studies are needed to verify this finding in the future.

Keywords: infant, maternal, body mass index, mortality, meta-analysis


INTRODUCTION

Obesity may lead to poor maternal and neonatal health outcomes (1). Obesity is more prevalent in women of reproductive age than in the general population. It has been reported that the prevalence of obesity among women aged 20–39 years increases from 31 to 36% from 2007–2008 to 2015–2016 (2), and such changing demographics represent a new epidemiological trend of particular concern to pregnant women. As recommended by the World Health Organization (WHO), body mass index (BMI) is classified as underweight (BMI<18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25–29.9 kg/m2) or obese (BMI ≥ 30 kg/m2) (3). Obese and pregnant women are more likely to develop intrauterine and fetal complications as well as maternal health problems; meanwhile, obesity during pregnancy may be significantly negatively associated with fetal and maternal health outcomes, including hyperemesis, pre-eclampsia, gestational diabetes, increased incidence of mechanical delivery interventions, and stillbirth (4, 5). Also, compared with normal-weight pregnant women, pregnant women with low pre-pregnancy weight are associated with an increased risk of low birth weight (6, 7), fetal growth restriction (FGR) (8, 9), preterm and premature birth (10) and anemia (11). Therefore, this study presumed that a high or low BMI might increase the risk of infant mortality. To this end, a meta-analysis was carried out in this study to systematically assess the association between maternal BMI and the risk of infant mortality.



METHODS


Search Strategy

This study was conducted according to the guidelines for the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) (12). The electronic databases, including Pubmed, Embase database, and Cochrane Library, were systemically searched by two investigators (Huo and Zhang) from inception to November 26th, 2020, with no language restriction. Three sets of medical subject terms (MeSH) were used to search the studies, including “body mass index,” “mortality,” and “infant.” Additionally, a manual library search was also conducted to ensure a comprehensive search. A detailed search strategy is presented in Appendix 1.



Study Selection

The study inclusion criteria were as follows: (1) studies focused on maternal BMI; (2) the study outcomes reported the risk of infant, neonatal, post-neonatal or early neonatal mortality; (3) the study type was restricted to cohort study or randomized controlled trial (RCT); (4) the maximum covariates adjusted hazard ratios (HRs), relative risks (RRs), or odds ratios (ORs) were available, or might be obtained through calculation; (5) if a cohort population was investigated repeatedly, studies containing the longest follow-up period or the largest population were included. At the same time, studies conforming to any one of the following criteria were excluded, including: (1) studies not focusing on maternal BMI or those with unavailable maternal BMI data; (2) the study endpoints did not include risk of infant, neonatal, post-neonatal or early neonatal mortalit; (3) case-control or cross-sectional studies; (4) the related HRs, RRs or ORs were not available; (5) data from one population were used repeatedly; (6) case reports, case series, conference abstracts, reviews or letters were also excluded from this study.



Data Extraction and Quality Assessment

Using a uniform data list, the following data were extracted by two investigators (Huo and Wang), including the first author, published year, country, sample size, study period, parity status, parity, BMI category and outcomes. Any disagreement during the data extraction process was arbitrated by a third investigator (Jia). In addition, the Newcastle-Ottawa Scale (NOS) (13) was also adopted to assess the study quality, with a total score of 9 stars. Studies with a NOS score ≥ 6 stars were considered as high-quality studies, while those with a NOS < 6 stars were considered as low-quality studies.



Statistical Analysis

Infant death was defined as the death of an infant aged < 1 year. Early neonatal death referred to the death of a newborn before 7 days. Neonatal death was defined as the death of an infant within 28 days of birth. Post-neonatal death was defined as the death of an infant older than 28 days but < 1 year of age.

In this study, the primary endpoint was the qualitative analysis on the relationship between maternal BMI and the risk of infant mortality. To be specific, the impacts of maternal underweight, overweight, and obesity on the corresponding risks of infant, neonatal, post-neonatal and early neonatal mortalities were systemically analyzed through comparing the maternal normal to non-normal weights (such as underweight vs. Normal weight, overweight vs. Normal weight, obesity vs. Normal weight). To use more available data, HRs were roughly equal to RRs in cohort studies (14). In addition, due to the low incidence rates of study outcomes in the total population and subgroup populations (<5%), differences between various measures of relative risk were negligible (such as ORs or RRs) (15). All the pooled data from cohort studies were expressed as RRs. Furthermore, the I2 statistic was utilized to evaluate the heterogeneity among studies, and I2 values of 25, 50, and 75% indicated low, moderate, and high inconsistency, respectively. Besides, we performed subgroup and meta-regression analyses to further explore the potential sources of heterogeneity between studies. Moreover, sensitivity analysis, which was performed by excluding one study at a time, was also performed to examine the effect of one study on the pooled results. To more conservatively estimate the pooled RRs, the random-effect model was adopted, since it was able to well-explain the heterogeneity between studies. Besides, Egger's tests were conducted to assess the publication bias (16). If a group of studies contained 2 subgroups (such as obesity 30–39.9 kg/m2, ≥40 kg/m2), they were considered as 2 studies and analyzed separately.

The secondary endpoint of this study was the quantitative analysis on whether maternal BMI level was associated with the risks of infant, neonatal, post-neonatal and early neonatal mortalities. In parallel, a dose-response was assessed. To this end, we performed a dose-response analysis based on the theory put forward by Xu et al. (17). Specifically, in this “one-stage” framework approach, each included study was considered as a cluster across the entire population, which required that the studies should include at least two categories. The method was adopted to the restricted cubic splines to fit the potential non-linear trends at three nodes, and the non-linear p-values were calculated by testing the second spline coefficient to zero. A non-linear model was applied in the case of p ≤ 0.05; conversely, a linear-model was used. Generally speaking, when the reference category included in the analysis was not the lowest, we used the Excel macro file produced by Hamling et al. (18) based on the theory proposed by Greenland and Longnecker (19) to convert risk estimates. When the number of cases in a category was not available, we contacted the original authors. Further, the average of the upper and lower bounds was taken as the midpoint for each BMI category, and then the respective RRs were assigned to each midpoint. Meanwhile, when the study interval was open, the amplitude was assumed to be the same as that of the adjacent category (20).

A total of 1,948 studies were searched from 3 electronic databases, including PubMed, Embase, and Cochrane library, as shown in Figure 1. No additional study was identified by manual search. Of these 1,948 studies, 368 were excluded due to duplication; meanwhile, 1,519 irrelevant studies were also removed after screening the titles and abstracts. The full-texts of the remaining 61 studies were carefully read, among which 39 were excluded for the following reasons: (1) review (n = 2); (2) the exposure was non-maternal BMI (n = 12); (3) non-infant death (n = 22); (4) case-control or cross-sectional study (n = 3). Finally, 22 cohort studies were included for final analysis (21–42). The detailed characteristics of these studies are shown in Table 1. As shown in Supplementary Table 1, 5 of these 22 studies had the NOS scores of 6 stars; 11 of 7 stars; 5 of 8 stars and 1 of 9 stars.


[image: Figure 1]
FIGURE 1. Flow chart of the study retrieval process.



Table 1. The detailed baseline characteristics of the 22 cohort studies.
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META-ANALYSIS


Infant Mortality

As shown in Figure 2, 7 studies recruiting 10,044,959 participants reported the association between maternal underweight and the risk of infant mortality. Compared with normal-weight pregnant women, underweight pregnant women appeared to have a reduced risk of infant mortality (RR 0.93, 95% CI 0.88–0.98; I2 0%). However, 8 studies including 10,762,039 participants showed that the risk of infant mortality increased by 16% in overweight pregnant women compared with normal-weight pregnant women (RR 1.16, 95% CI 1.13–1.19; I2 0%). Similarly, obese pregnant women had a 55% higher risk of infant mortality than normal weight pregnant women (RR 1.55, 95% CI 1.41–1.70; I2 88.7%). Furthermore, we assessed the publication bias of maternal BMI and the risk of infant mortality by performing funnel plots. Subjectively, the funnel plot appeared to be symmetric, as shown in Supplementary Figure 1A. There was no obvious evidence of publication bias upon Egger's test (p = 0.773).


[image: Figure 2]
FIGURE 2. Forest plots of maternal BMI and the risk of infant mortality.


As displayed in Figure 3A, there was a non-linear relationship between maternal BMI and the risk of infant mortality. Specifically, the dose-response analysis on 8 studies showed that maternal BMI level was non-linearly and positively associated with the risk of infant mortality (pnonlinearity < 0.001). The risk of infant mortality decreased with the increase in BMI level from 16.7 to 25 kg/m2, but with a progressively increasing trend. Typically, the risk of infant mortality increased significantly when maternal BMI was > 25 kg/m2.


[image: Figure 3]
FIGURE 3. (A) The dose-response of maternal BMI and the risk of infant mortality. (B) The dose-response of maternal BMI and the risk of neonatal mortality. (C) The dose-response of maternal BMI and the risk of post-neonatal mortality. (D) The dose-response of maternal BMI and the risk of early neonatal mortality.




Neonatal Mortality

As presented in Figure 4, 12 studies involving 3,848,782 participants investigated the relationship between maternal underweight and the risk of neonatal mortality. According to the pooled results, underweight pregnant women did not show significantly increased risk of infant mortality compared with normal weight pregnant women (RR 1.08, 95% CI 0.93–1.26; I2 16%). However, the pooled results from 12 studies including 3,848,782 participants indicated that overweight pregnant women contributed to a 23% higher risk of neonatal mortality than normal weight pregnant women (RR 1.23, 95% CI 1.08–1.39; I2 62.4%). Similarly, obese pregnant women showed a 47% increased risk of neonatal mortality compared with normal weight pregnant women (RR 1.55, 95% CI 1.28–1.67; I2 75.6%). Moreover, funnel plot was conducted to assess the publication bias of maternal BMI and the risk of neonatal mortality. Subjectively, the funnel plot was symmetrical, as presented in Supplementary Figure 1B. No obvious evidence of publication bias was found by Egger's test (p = 0.099).


[image: Figure 4]
FIGURE 4. Forest plots of maternal BMI and the risk of neonatal mortality.


It was illustrated from the dose-response analysis on 15 studies in Figure 3B that, there was a non-linear relationship between maternal BMI and the risk of neonatal mortality. Specifically, maternal BMI level was non-linearly and positively associated with the risk of neonatal mortality (pnonlinearity= 0.002). Besides, the risk of neonatal mortality increased slowly with the maternal BMI level increasing from 16.3 to 25 kg/m2. However, the risk of neonatal mortality significantly increased when the maternal BMI was > 25 kg/m2.



Post-neonatal Mortality

According to Figure 5, 4 studies involving 3,299,750 participants reported the association between maternal underweight and the risk of post-neonatal mortality. As a result, maternal underweight might not lead to an increased risk of infant mortality relative to normal weight pregnant women (RR 1.14, 95% CI 0.91–1.42; I2 0%). However, 4 studies including 3,299,750 participants showed an 18% increased risk of post-neonatal mortality in overweight pregnant women compared with normal-weight pregnant women (RR 1.18, 95% CI 1.07–1.29; I2 0%). Similarly, compared with normal weight pregnant women, the risk of post-neonatal mortality in obese pregnant women increased by 30% (RR 1.30, 95% CI 1.03–1.65; I2 62%). The publication bias of maternal BMI and the risk of post-neonatal mortality was assessed through funnel plot analysis. It was observed from Supplementary Figure 1C that, the funnel plot appeared to be asymmetric, while there was no evidence of publication bias by Egger's test (p = 0.928).


[image: Figure 5]
FIGURE 5. Forest plots of maternal BMI and the risk of post-neonatal mortality.


As shown in Figure 3C, there was a non-linear relationship between maternal BMI and the risk of post-neonatal mortality. Specifically, the dose-response analysis on 4 studies revealed a non-linear association between maternal BMI level and the risk of post-neonatal mortality (pnonlinearity= 0.011). With the increase in maternal BMI level from 16.7 to 25 kg/m2, the risk of post-neonatal mortality did not increase, but there was a gradually increasing trend. When the maternal BMI level was > 25 kg/m2, the risk of post-neonatal mortality increased significantly.



Early Neonatal Mortality

According to Figure 6, 2 studies involving 641,708 participants investigated the association between maternal underweight and the risk of early neonatal mortality. As suggested by our results, maternal underweight might not increase the risk of early neonatal mortality compared with normal weight pregnant women (RR 1.01, 95% CI 0.85–1.19; I2 0%). However, 2 studies recruiting 641,708 participants suggested that maternal overweight increased the risk of post-neonatal mortality compared with normal-weight pregnant women (RR 1.55, 95% CI 1.26–1.92; I2 0%). Similarly, maternal obesity also increased the risk of early neonatal mortality (RR 1.37, 95% CI 1.13–1.67; I2 82%). Moreover, funnel plot was conducted to evaluate the publication bias of maternal BMI and the risk of early neonatal mortality, as shown in Supplementary Figure 1D. No obvious evidence of publication bias was observed by Egger's test (p = 0.128).
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FIGURE 6. Forest plots of maternal BMI and the risk of early neonatal mortality.


As observed from Figure 3D, there was a non-linear relationship between maternal BMI and the risk of early neonatal mortality. Specifically, the dose-response analysis on 5 studies showed that maternal BMI level was linearly related to the risk of early neonatal mortality (pnonlinearity = 0.0625). With the increase in maternal BMI level from 16.7 to 25.6 kg/m2, the risk of early neonatal mortality showed an increasing trend; meanwhile, when the maternal BMI level was > 25.6 kg/m2, the risk of early neonatal mortality increased significantly.



Subgroup Analyses and Sensitivity Analyses

Subgroup analyses were performed to explore the potential sources of heterogeneity under these clinical characteristics, including country, NOS scores, infant death cases, and published year. Also, meta-regression was performed to further clarify the potential sources of heterogeneity. In subgroup analysis on infant mortality (obesity vs. normal), the studies reporting infant death cases > 500 and those published after 2000 might partially contribute to the heterogeneity, while meta-regression did not identify any potential source of heterogeneity. In the subgroup analysis on neonatal mortality (overweight vs. normal), studies from Europe and those published before 2000 might partially contribute to the heterogeneity. Similarly, meta-regression did not identify any source of potential heterogeneity. In subgroup analysis on neonatal mortality (obesity vs. normal), no potential source of heterogeneity was identified, and yet meta-regression suggested that the infant death cases (p = 0.06) might partially contribute to heterogeneity. Finally, in the subgroup analysis on post-neonatal mortality (obesity vs. normal) and early neonatal mortality (obesity vs. normal), studies with NOS scores > 8-9 might contribute to the heterogeneity of post-neonatal mortality, whereas no other potential source of heterogeneity was identified. Due to the small number of studies, meta-regression analysis was not performed.

In sensitivity analyses, 1 study was excluded from each analysis at a time, and most results appeared to be robust to the effects of individual studies, as shown in Supplementary Figures 2–4.




DISCUSSION

As shown by the 22 cohort studies including 13,532,293 participants enrolled in this paper, infant mortality increased significantly among overweight or obese pregnant women, compared with normal pregnant women. Simultaneously, maternal underweight might not increase the risk of infant mortality compared with normal-BMI pregnant women, but a trend toward a lower risk of infant mortality was observed.

Two meta-analyses in 2014 systematically analyzed the relationship between maternal BMI level and the risk of infant mortality. For instance, Meehan et al. restricted the study population to obese pregnant women and their results showed that maternal obesity was significantly associated with an increased risk of infant mortality (43). In addition, Aune et al. suggested that even the modest increases in maternal BMI were strongly associated with an increase in infant mortality, while the dose-response analysis showed that low maternal underweight did not significantly increase the risk of infant mortality (44), but only four cohort studies were included. Results obtained from this paper enriched previous studies.

In general, the causes of maternal obesity are complex and multifactorial, and the potential increased risk induced by these causes may be related to obesity itself or the presence of comorbidities such as gestational diabetes and hypertensive disorders (45). A recent meta-analysis shows that maternal overweight or obesity is significantly associated with increased risks of stillbirth, macrosomia, admission to the neonatal intensive care unit (NICU) and large for gestational age (LBW), while maternal underweight is related to the increased risks of preterm birth, small for gestational age (SGA) and LBW (46). Compared with maternal underweight, maternal overweight or obesity appears to be associated with more adverse effects on infants. Besides, it has been shown that even in the absence of clinical disease, obese women have increased inflammatory response (47), vascular and endothelial dysfunction, and lipid metabolic disorders, leading to hyperlipidemia. Hyperlipidemia will cause reduced prostacyclin secretion and increased thromboxane secretion (48), which thus increases the risk of placental thrombosis, reduces placental perfusion (47), elevates the risks of placental infarction and abruption in late pregnancy, leading to preterm birth (49, 50). Also, preterm delivery is found to be closely related to the development of respiratory distress syndrome, which may be the important cause of preterm death (34). On the other hand, most studies have focused on overweight or obese pregnant women, while relatively few studies are conducted on underweight pregnant women.

In the analysis of infant mortality (underweight vs. normal), the risk of infant mortality appeared to be reduced in underweight pregnant women, which seemed to be counter-intuitive to popular convictions. However, in sensitivity analysis, when the study by Declercq et al. was removed, the pooled results were insignificant (RR 1.01, 95% CI 0.88–1.15). Besides, the study by Declercq et al. (26) showed that those underweight pregnant women were linked with a reduced risk of infant mortality compared with normal-weight women, but the primary endpoint of this study was the effect of obesity on infant mortality, and no plausible explanation was given for this results. It has been suggested that women with lower BMI levels can better recognize the reduced fetal movement and therefore take the necessary early interventions, which may partially explain the possible mechanism underlying the risk of infant mortality in underweight pregnant women. In addition, the theory for maternal underweight being protective could also involve mechanisms of cellular hibernation and conservation in the face of stress that may result in earlier maturation of fetal pathways conferring improved survivability. Further research with more prospective studies is needed in the future. Besides, the relationships between maternal BMI level and infant mortality may also be affected by factors such as economic conditions, nutritional status and race. For example, Salihu et al. conducted a restricted analysis on neonatal mortality using data from Missouri in 1978–1997 and found that BMI was associated with the risk of neonatal mortality among white pregnant women, whereas black mothers were related to an overall risk of infant mortality (38).

This study has the following strengths. Firstly, all studies included in this paper were cohort studies with strong levels of evidence, most of them were population-based studies with large samples, and all studies were of high quality. Secondly, this paper systematically conducted qualitative and dose-response analyses to validate the before-and-after results. Findings in this paper also complemented and updated previous studies. Thirdly, sensitivity analysis, subgroup analysis, and meta-regression analysis were simultaneously conducted to maximally search the potential sources of heterogeneity.

Meanwhile, the following limitations should be noted in this work. Firstly, most of the included studies adopted self-reporting for the assessment of BMI, which might produce a certain bias, and for some groups of overweight women, this bias might lead to an underestimation of the measure of effect. Secondly, there were great heterogeneities among some of the studies. Although subgroup and meta-regression analyses were performed, the sources of heterogeneity were not well-explained yet. Thirdly, the maternal BMI level was affected by many factors such as age, economic conditions and nutritional status. Although the extracted RRs were adjusted for maximum covariates, it is still unknown about the potential impacts of other factors on the results. Last but not least, an important limitation was lack of birthweight data that may shed more insight into survival.



CONCLUSIONS

Maternal overweight or obesity significantly increases the risks of infant mortality, neonatal mortality, early neonatal mortality, and post-neonatal mortality compared with normal BMI in a dose-dependent manner. Also, maternal underweight does not increase the risk of infant mortality, neonatal mortality, early neonatal mortality, or post-neonatal mortality; instead, it tends to decrease the risk of infant mortality. Early weight management may provide potential benefits to infants, and more prospective studies with large samples are warranted to verify this finding in the future.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



AUTHOR CONTRIBUTIONS

NH participated in the data collection, data review, relevant data extraction, data analysis, statistical analysis, and the writing of the manuscript. KZ, LinW, GJ, and LiW participated in checking data extraction as well as in the data analysis, statistical analysis, and the writing of the manuscript. WL participated in checking data extraction as well as in the statistical analysis. WC participated in performing the risk-of-bias assessment. All authors saw and approved the final version.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2021.650413/full#supplementary-material

Supplementary Figure 1. (A) The funnel plot of maternal BMI and the risk of infant mortality. (B) The funnel plot of maternal BMI and the risk of neonatal mortality. (C) The funnel plot of maternal BMI and the risk of post-neonatal mortality. (D) The funnel plot of maternal BMI and the risk of early neonatal mortality.

Supplementary Figure 2. (A) The sensitivity analysis of maternal underweight and the risk of infant mortality. (B) The sensitivity analysis of maternal overweight and the risk of infant mortality. (C) The sensitivity analysis of maternal obesity and the risk of infant mortality.

Supplementary Figure 3. (A) The sensitivity analysis of maternal underweight and the risk of neonatal mortality. (B) The sensitivity analysis of maternal overweight and the risk of neonatal mortality. (C) The sensitivity analysis of maternal obesity and the risk of neonatal mortality.

Supplementary Figure 4. (A) The sensitivity analysis of maternal underweight and the risk of post-neonatal mortality. (B) The sensitivity analysis of maternal overweight and the risk of post-neonatal mortality. (C) The sensitivity analysis of maternal obesity and the risk of post-neonatal mortality. (D) The sensitivity analysis of maternal obesity and the risk of early neonatal mortality.



REFERENCES

 1. McCloud MB. Health behavior change in pregnant women with obesity. Nurs Women Health. (2018) 22:471–80. doi: 10.1016/j.nwh.2018.09.002

 2. Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL. Trends in obesity and severe obesity prevalence in US youth and adults by sex and age, 2007-2008 to 2015-2016. JAMA. (2018) 319:1723–5. doi: 10.1001/jama.2018.3060

 3. WHO Consultation on Obesity. Obesity: Preventing and Managing the Global Epidemic. Geneva: World Health Organization (2000).

 4. Vinayagam D, Chandraharan E. The adverse impact of maternal obesity on intrapartum and perinatal outcomes. ISRN Obstet Gynecol. (2012) 2012:939762. doi: 10.5402/2012/939762

 5. Shirazian T, Faris BS, Fox NS, Friedman F Jr, Rebarber A. The lifestyle modification project: limiting pregnancy weight gain in obese women. J Matern Fetal Neonatal Med. (2016) 29:80–4. doi: 10.3109/14767058.2014.987118

 6. Haugen M, Brantsæter AL, Winkvist A, Lissner L, Alexander J, Oftedal B, et al. Associations of pre-pregnancy body mass index and gestational weight gain with pregnancy outcome and postpartum weight retention: a prospective observational cohort study. BMC Pregnancy Childbirth. (2014) 14:201. doi: 10.1186/1471-2393-14-201

 7. Li N, Liu E, Guo J, Pan L, Li B, Wang P, et al. Maternal prepregnancy body mass index and gestational weight gain on pregnancy outcomes. PLoS ONE. (2013) 8:e82310. doi: 10.1371/journal.pone.0082310

 8. Shin D, Song WO. Prepregnancy body mass index is an independent risk factor for gestational hypertension, gestational diabetes, preterm labor, and small- and large-for-gestational-age infants. J Matern Fetal Neonatal Med. (2015) 28:1679–86. doi: 10.3109/14767058.2014.964675

 9. Ehrenberg HM, Dierker L, Milluzzi C, Mercer BM. Low maternal weight, failure to thrive in pregnancy, and adverse pregnancy outcomes. Am J Obstet Gynecol. (2003) 189:1726–30. doi: 10.1016/S0002-9378(03)00860-3

 10. Schieve LA, Cogswell ME, Scanlon KS, Perry G, Ferre C, Blackmore-Prince C, et al. Prepregnancy body mass index and pregnancy weight gain: associations with preterm delivery. The NMIHS collaborative study group. Obstet Gynecol. (2000) 96:194–200. doi: 10.1097/00006250-200008000-00008

 11. Pengpid S, Peltzer K. Lifetime spousal violence victimization and perpetration, physical illness, and health risk behaviours among women in India. Int J Environ Res Public Health. (2018) 15:2737. doi: 10.3390/ijerph15122737

 12. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-analysis of observational studies in epidemiology (MOOSE) group. JAMA. (2000) 283:2008–12. doi: 10.1001/jama.283.15.2008

 13. Zhang J, Yu KF. What's the relative risk? A method of correcting the odds ratio in cohort studies of common outcomes. JAMA. (1998) 280:1690–1. doi: 10.1001/jama.280.19.1690

 14. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25:603–5. doi: 10.1007/s10654-010-9491-z

 15. Greenland S. Quantitative methods in the review of epidemiologic literature. Epidemiol Rev. (1987) 9:1–30. doi: 10.1093/oxfordjournals.epirev.a036298

 16. Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias and other sample size effects in systematic reviews of diagnostic test accuracy was assessed. J Clin Epidemiol. (2005) 58:882–93. doi: 10.1016/j.jclinepi.2005.01.016

 17. Xu C, Doi SAR. The robust error meta-regression method for dose-response meta-analysis. Int J Evidence-Based Healthcare. (2018) 16:138–44. doi: 10.1097/XEB.0000000000000132

 18. Hamling J, Lee P, Weitkunat R, Ambuhl M. Facilitating meta-analyses by deriving relative effect and precision estimates for alternative comparisons from a set of estimates presented by exposure level or disease category. Stat Med. (2008) 27:954–70. doi: 10.1002/sim.3013

 19. Greenland S, Longnecker MP. Methods for trend estimation from summarized dose-response data, with applications to meta-analysis. Am J Epidemiol. (1992) 135:1301–9. doi: 10.1093/oxfordjournals.aje.a116237

 20. Cheng W, Zhang Z, Cheng W, Yang C, Diao L, Liu W. Associations of leisure-time physical activity with cardiovascular mortality: a systematic review and meta-analysis of 44 prospective cohort studies. Euro J Prevent Cardiol. (2018) 25:1864–72. doi: 10.1177/2047487318795194

 21. Denison FC, Norwood P, Bhattacharya S, Duffy A, Mahmood T, Morris C, et al. Association between maternal body mass index during pregnancy, short-term morbidity, and increased health service costs: a population-based study. BJOG. (2014) 121:72–81. doi: 10.1111/1471-0528.12443

 22. Kalk P, Guthmann F, Krause K, Relle K, Godes M, Gossing G, et al. Impact of maternal body mass index on neonatal outcome. Eur J Med Res. (2009) 14:216–22. doi: 10.1186/2047-783X-14-5-216

 23. Smith GC, Shah I, Pell JP, Crossley JA, Dobbie R. Maternal obesity in early pregnancy and risk of spontaneous and elective preterm deliveries: a retrospective cohort study. Am J Public Health. (2007) 97:157–62. doi: 10.2105/AJPH.2005.074294

 24. Baeten JM, Bukusi EA, Lambe M. Pregnancy complications and outcomes among overweight and obese nulliparous women. Am J Public Health. (2001) 91:436–40. doi: 10.2105/AJPH.91.3.436

 25. Cedergren MI. Maternal morbid obesity and the risk of adverse pregnancy outcome. Obstet Gynecol. (2004) 103:219–24. doi: 10.1097/01.AOG.0000107291.46159.00

 26. Declercq E, MacDorman M, Cabral H, Stotland N. Prepregnancy Body Mass Index and Infant Mortality in 38 U.S. States, 2012-2013. Obstet Gynecol. (2016) 127:279–87. doi: 10.1097/AOG.0000000000001241

 27. Tennant PW, Rankin J, Bell R. Maternal body mass index and the risk of fetal and infant death: a cohort study from the North of England. Hum Reprod. (2011) 26:1501–11. doi: 10.1093/humrep/der052

 28. Kristensen J, Vestergaard M, Wisborg K, Kesmodel U, Secher NJ. Pre-pregnancy weight and the risk of stillbirth and neonatal death. BJOG. (2005) 112:403–8. doi: 10.1111/j.1471-0528.2005.00437.x

 29. Leung TY, Leung TN, Sahota DS, Chan OK, Chan LW, Fung TY, et al. Trends in maternal obesity and associated risks of adverse pregnancy outcomes in a population of Chinese women. BJOG. (2008) 115:1529–37. doi: 10.1111/j.1471-0528.2008.01931.x

 30. Nohr EA, Villamor E, Vaeth M, Olsen J, Cnattingius S. Mortality in infants of obese mothers: is risk modified by mode of delivery? Acta Obstet Gynecol Scand. (2012) 91:363–71. doi: 10.1111/j.1600-0412.2011.01331.x

 31. Johansson S, Villamor E, Altman M, Bonamy AK, Granath F, Cnattingius S. Maternal overweight and obesity in early pregnancy and risk of infant mortality: a population based cohort study in Sweden. BMJ. (2014) 349:g6572. doi: 10.1136/bmj.g6572

 32. Khashan AS, Kenny LC. The effects of maternal body mass index on pregnancy outcome. Eur J Epidemiol. (2009) 24:697–705. doi: 10.1007/s10654-009-9375-2

 33. Madi SRC, Garcia RMR, Souza VC, Rombaldi RL, Araújo BF, Madi JM. Effect of obesity on gestational and perinatal outcomes. Rev Bras Ginecol Obstet. (2017) 39:330–6. doi: 10.1055/s-0037-1603826

 34. McIntyre HD, Gibbons KS, Flenady VJ, Callaway LK. Overweight and obesity in Australian mothers: epidemic or endemic? Med J Aust. (2012) 196:184–8. doi: 10.5694/mja11.11120

 35. Nohr EA, Vaeth M, Bech BH, Henriksen TB, Cnattingius S, Olsen J. Maternal obesity and neonatal mortality according to subtypes of preterm birth. Obstet Gynecol. (2007) 110:1083–90. doi: 10.1097/01.AOG.0000286760.46679.f8

 36. Thompson DR, Clark CL, Wood B, Zeni MB. Maternal obesity and risk of infant death based on Florida birth records for (2004). Public Health Rep. (2008) 123:487–93. doi: 10.1177/003335490812300410

 37. Rai RK, Singh L, Singh PK. Is maternal body mass index associated with neonatal mortality? A pooled analysis of nationally representative data from nine Asian countries. Nutrition. (2017) 41:68–72. doi: 10.1016/j.nut.2017.04.002

 38. Salihu HM, Alio AP, Wilson RE, Sharma PP, Kirby RS, Alexander GR. Obesity and extreme obesity: new insights into the black-white disparity in neonatal mortality. Obstet Gynecol. (2008) 111:1410–6. doi: 10.1097/AOG.0b013e318173ecd4

 39. Vincent S, Czuzoj-Shulman N, Spence AR, Abenhaim HA. Effect of pre-pregnancy body mass index on respiratory-related neonatal outcomes in women undergoing elective cesarean prior to 39 weeks. J Perinat Med. (2018) 46:905–12. doi: 10.1515/jpm-2017-0384

 40. Wallace JM, Horgan GW, Bhattacharya S. Placental weight and efficiency in relation to maternal body mass index and the risk of pregnancy complications in women delivering singleton babies. Placenta. (2012) 33:611–8. doi: 10.1016/j.placenta.2012.05.006

 41. Yu YH, Bodnar LM, Himes KP, Brooks MM, Naimi AI. Association of Overweight and Obesity Development Between Pregnancies With Stillbirth and Infant Mortality in a Cohort of Multiparous Women. Obstet Gynecol. (2020) 135:634–43. doi: 10.1097/AOG.0000000000003677

 42. Melchor I, Burgos J, Del Campo A, Aiartzaguena A, Gutiérrez J, Melchor JC. Effect of maternal obesity on pregnancy outcomes in women delivering singleton babies: a historical cohort study. J Perinat Med. (2019) 47:625–630. doi: 10.1515/jpm-2019-0103

 43. Meehan S, Beck CR, Mair-Jenkins J, Leonardi-Bee J, Puleston R. Maternal obesity and infant mortality: a meta-analysis. Pediatrics. (2014) 133:863–71. doi: 10.1542/peds.2013-1480

 44. Aune D, Saugstad OD, Henriksen T, Tonstad S. Maternal body mass index and the risk of fetal death, stillbirth, and infant death: a systematic review and meta-analysis. JAMA. (2014) 311:1536–46. doi: 10.1001/jama.2014.2269

 45. Kim SS, Zhu Y, Grantz KL, Hinkle SN, Chen Z, Wallace ME, et al. Obstetric and Neonatal Risks Among Obese Women Without Chronic Disease. Obstet Gynecol. (2016) 128:104–12. doi: 10.1097/AOG.0000000000001465

 46. Liu P, Xu L, Wang Y, Zhang Y, Du Y, Sun Y, et al. Association between perinatal outcomes and maternal pre-pregnancy body mass index. Obes Rev. (2016) 17:1091–102. doi: 10.1111/obr.12455

 47. Ramsay JE, Ferrell WR, Crawford L, Wallace AM, Greer IA, Sattar N. Maternal obesity is associated with dysregulation of metabolic, vascular, and inflammatory pathways. J Clin Endocrinol Metab. (2002) 87:4231–7. doi: 10.1210/jc.2002-020311

 48. Eldor A. Thrombophilia and its treatment in pregnancy. J Thromb Thrombolysis. (2001) 12:23–30. doi: 10.1023/A:1012730325902

 49. Craven C, Ward K. Stillbirth: tissue findings with environmental and genetic links. Semin Perinatol. (2002) 26:36–41. doi: 10.1053/sper.2002.29836

 50. Moldenhauer JS, Stanek J, Warshak C, Khoury J, Sibai B. The frequency and severity of placental findings in women with preeclampsia are gestational age dependent. Am J Obstet Gynecol. (2003) 189:1173–7. doi: 10.1067/S0002-9378(03)00576-3

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Huo, Zhang, Wang, Wang, Lv, Cheng and Jia. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	ORIGINAL RESEARCH
published: 15 March 2021
doi: 10.3389/fped.2021.583660






[image: image2]

Protective Factors for Early Childhood Caries in 3-Year-Old Children in Poland

Dorota Olczak-Kowalczyk1, Dariusz Gozdowski2 and Anna Turska-Szybka1*


1Department of Paediatric Dentistry, Medical University of Warsaw, Warsaw, Poland

2Department of Experimental Statistics and Bioinformatics, Warsaw University of Life Science, Warsaw, Poland

Edited by:
Abhay Gaidhane, Datta Meghe Institute of Medical Sciences, India

Reviewed by:
Morena Petrini, University of Studies G. d'Annunzio Chieti and Pescara, Italy
 Arthur Musakulu Kemoli, University of Nairobi, Kenya

*Correspondence: Anna Turska-Szybka, anna.turska-szybka@wum.edu.pl

Specialty section: This article was submitted to Children and Health, a section of the journal Frontiers in Pediatrics

Received: 15 July 2020
 Accepted: 22 February 2021
 Published: 15 March 2021

Citation: Olczak-Kowalczyk D, Gozdowski D and Turska-Szybka A (2021) Protective Factors for Early Childhood Caries in 3-Year-Old Children in Poland. Front. Pediatr. 9:583660. doi: 10.3389/fped.2021.583660



Background: Early childhood caries (ECC) remains highly prevalent in preschool children worldwide. Dental caries affects every second 3-year-olds in Poland. The aim of the study was to assess protective factors for ECC in 3-year-olds.

Methods: A cross-sectional survey was conducted in 2017 among 3-year-olds attending kindergartens in all 16 provinces of Poland. The questionnaire included socioeconomic factors, and oral health behaviors. Decayed, missing due to caries and filled teeth and surfaces were assessed. Caries indices (dmft and dmfs), percentage of caries-free and severe ECC (S-ECC) were calculated. The Student's t-test, Spearman correlation, univariate and multivariate logistic regression (the odds ratios (OR) and adjusted odds ratios (AOR): confounding factors: socioeconomic conditions, oral health behaviors) were performed; p < 0.05.

Results: A total of 1,638 children were included. ECC was confirmed in 41.1%; S-ECC in 23.4%. The dmft index was 1.85 ± 3.14, dmfs = 2.99 ± 6.56. Spearman correlation [socioeconomic factors, especially mother's education (r = −0.148, p < 0.001) and family's economic status (r = −0.071, p = 0.004)], despite were statistically significant, indicate very weak relationships with dmft index. After 12th month of life not giving any beverages before bedtime and at night, but water or unsweetened milk only, healthy snacking (sandwiches, fresh fruit), or water on a daily basis decreases the probability of caries development (for S-ECC: OR = 0.37, AOR = 0.47, AOR2 = 0.37; p < 0.01), even if inappropriate dietary behaviors or hygiene practices were simultaneously present. Brushing of a child's teeth twice a day lowered the odds of caries (for S-ECC: OR = 0.78, p = 0.031; AOR = 0.81, p = 0.081; AOR2 = 0.84, p = 0.131), but this effect was less intense when inappropriate dietary behaviors were accounted for. Children of parents with good self-assessment of their teeth were more often caries-free (61.4 vs. 42.9%; p = 0.006) and had lower dmft indices (1.67 vs. 2.93; p = 0.002).

Conclusions: Preventing a child after 12th month of life from getting any beverages before bedtime, water or unsweetened milk only, sandwiches and fresh fruit as snacks, or water given to on a daily basis, tooth brushing twice a day decrease the odds of caries in 3-year-olds. Diet appears to have primary significance in the etiology of ECC, since tooth brushing can only partly attenuate the impact of inappropriate dietary behaviors on dental caries. Children are more often caries-free and have lower severity of caries if their parents' dentition is self-assessed as healthy.

Keywords: early childhood caries, 3-year-old children, oral health behaviors, oral hygiene habits, dietary habits, protective factors


INTRODUCTION

Early childhood caries (ECC)—defined as caries affecting children until the age of 71 months—remains a public health problem in many countries. The consequences of ECC include localized painful sensations, infections, abscesses, hospitalizations and emergency admissions, retarded physical development, malnutrition, gastrointestinal disorders, disturbed sleep and malocclusion (1–3). Dental caries occurring in children in crèches, that means soon after tooth eruption, may be particularly devastating, with dynamic course and high risk of pulpal complications. It is a disease that can rapidly and irreversibly destroy the primary dentition. In several European countries, the incidence of ECC in children aged 3 years does not exceed 20% (2, 4, 5). In others, it is much higher (2, 4, 6–9). In studies conducted in Poland in 2015 ECC was confirmed in 53.5% of 3-year-olds (9).

Implementation of preventive measures in a child when the first primary teeth erupt is a prerequisite for lowering the incidence of EEC. Babies and young children rarely present at the dental offices, and yet, their health is monitored by pediatricians, family doctors and nurses. Pro-health education that they provide for the parents should also include dietary and hygienic standards that would restrict and/or eliminate the impact of causative factors of caries in children, and at the same time enhance the prophylactic ones.

A number of researchers have assessed factors associated with early childhood caries (2, 3, 5–12). A whole range of factors including socioeconomic, behavioral, and psychosocial ones in particular, are identified in the etiology of EEC. The initiation process is directly influenced by predominance of cariogenic microorganisms in dental plaque biofilm that are sustained by prolonged exposure to fermentable carbohydrates. Activities that lead to early colonization of a child's oral cavity with cariogenic bacteria, hygienic neglect and improper diet that involves frequent or prolonged exposure to fermentable carbohydrates are well-known and documented caries risk factors affecting primary teeth. Fluoridation, cleaning of teeth and proper diet are regarded as basic protective measures. Snacks with low cariogenic potential are preferred, thirst should be quenched with still water, sweets should be restricted to 1 day a week, and sugar replaced with substitutes like xylitol. A child's teeth should be regularly brushed by an adult person with fluoridated toothpaste and check-up appointments arranged with a dentist to facilitate topical application of a fluoride varnish.

In prevention of EEC, it is of fundamental importance to educate parents in proper hygienic and dietary attitudes, and to stress the significance of recommended practices in the first period of a child's life relating to its teeth, especially if cariogenic factors are present (1–3, 5–12).

The aim of the study was to assess oral health behaviors relative to prevalence of ECC in children aged 3 years, with particular emphasis on practices widely regarded as beneficial and protective for the health of teeth.



MATERIALS AND METHODS


The Study Population

A cross-sectional survey was conducted in 2017 among three-year-olds attending kindergartens in all 16 provinces of Poland. For each province, districts and counties were randomly selected, and the same process was repeated for towns, villages and finally for kindergartens. The selection was based on a complete list of administrative units and kindergartens; for each object random value was generated using RAND function in Microsoft Excel and the objects with the highest value were selected for the study. At least three kindergartens were selected separately for rural and urban areas to obtain similar percentage of children who lived in these areas (respectively about 50 and 50 children for each province). After the permission of the heads of these facilities had been obtained, the parents of 3-year-old attendees were informed in the scope of the study. They were then asked for the written consent concerning the participation in the study followed by completion of a questionnaire. All the children who were present in the kindergarten on the day of the examination, and who co-operated with the dentist, were included in the study, provided their parents had signed the participation consent and filled in the questionnaire. Children were eligible to participate if they were healthy and aged 3 years. Exclusion criteria were: children with a physical or mental disability and those with developmental defects of teeth.

The size of the sample was calculated with an assumption that error tolerance (margin error based on confidence interval (CI) at 95% confidence level) for binomial variables would not exceed the value of 2.5% for most cases. At such assumption required, the sample size included at least 1,500 subjects for total sample. In the present study it was increased by about 10% for higher results' confidence.

The parents were surveyed, and the children examined in accordance with the WHO guidelines (13).

The participants were divided into two groups: caries-free (dmf = 0) and the controls with dental caries) (dmf > 0). The data were collected using two data gathering tools: the child's oral examination form and the parent's valid questionnaire.



The Questionnaire

The questionnaire followed the WHO Oral Health Surveys Basic Methods guidelines, which recommends the use of simplified structured questionnaires for the collection of data on oral health and caries risk factors in children (14). The questionnaire included questions concerning three domains: socioeconomic factors such as the place of residence, mother's education, perceived cost of maintaining oral health, the number of children in the family and oral health behaviors, including the child's oral hygiene habits (frequency of tooth brushing, supervision of tooth brushing, the use of fluoridated toothpaste), and feeding practices and dietary habits in the 2nd year of life (provision and type of liquids/solids before going to bed or at night, foodstuffs with sugar) as well as the current habits (the number of meals and episodes of snacking during the day, type of preferred snacks, frequency and variety of foodstuffs, the use of sugar substitutes, restrictions on the consumption of sweets to 1 day a week). Since dairy products have a protective effect on teeth, this factor was included in the analysis as a question on unsweetened milk.

Preliminary analyses showed that some questions included in the survey, such as whether children used fluoride-containing toothpaste or whether parents/caregivers restricted consumption of sugar-containing foodstuffs were not significant and were omitted from the final analysis.



The Clinical Examination

The clinical examinations were conducted in artificial light (lightweight portable examination light) using plane mouth mirrors and CPI (Community Periodontal Index) probe in accordance with the WHO standard for epidemiological surveys (14). Children were examined in an upright position in a chair with a high backrest. The children were instructed to brush their teeth before the examination. The dentists dried the surface of the teeth with cotton rolls and swabs. The examinations were always conducted before 12 am.

All examiners took steps to protect both the patients and themselves in accordance with the sanitary and epidemiological regulations in force.

Prevalence of ECC (presence of one or more decayed, missing due to caries, or filled tooth surfaces) in any primary tooth in a child and S-ECC [one or more cavitated, missing (due to caries), or filled smooth surfaces in primary maxillary anterior teeth or a decayed, missing, or filled score of greater than, or equal, four (age three)] as well as mean of dmft and dmfts indices were calculated (1). The dental examinations were conducted by 16 teams (from each province of Poland) consisting of two dentists trained in survey methodology, specialists in pediatric dentistry, with many years of experience.

Training and calibration of the examiners was conducted according to the WHO recommendations to ensure validity and reliability, which was additionally verified by another 10% sample randomly selected as control examination (14). The intra-examiner and inter-examiner reproducibility was performed. Each pediatric dentist (examiner) independently examined the same group of 10 patients, and the findings were compared with those of the experienced supervisor. Cohen's Kappa coefficients between the reference researcher and the other researchers was between 0.857 and 1.000 for carious teeth, and should be interpreted as an almost perfect agreement. These calculations were based on individual tooth surfaces for 10 children. This survey was conducted using paper sheets, and then they were collected, stored, processed and analyzed in electronic records. The data (paper sheets and electronic records) are kept by the Ministry of Health as the National Oral Health Surveys. The study meets the requirements of personal health data protection according to regulation of The European Union General Data Protection Regulation (EU GDPR).



Statistical Analysis

An individual child was treated as an experimental unit for statistical analyses (total sample size equaled N = 1,638). The variables on dental caries (dmft, dmft = 0, dmfs ≥ 4), children's oral hygienic practices, dietary history like consumption of sugar-containing foodstuffs in the first 2 years of life and current consumption by a child of >3 snacks a day, frequency of consumption of products containing sugar) and socioeconomic factors were presented as percentages or means and standard deviation. Spearman rank correlation coefficient was used for evaluation of relationships between various factors on the occurrence of caries in children. Univariate and multivariate logistic regression was applied for evaluation of effects of independent variables (behaviors regarded as beneficial for oral health) on the binomial variables characterizing the intensity of caries (dmft = 0 and occurrence of S-ECC). Based on simple and multivariate logistic regression, the odds ratios (OR) and adjusted odds ratios (AOR, AOR1, and AOR2) with confidence intervals were determined (at 95% confidence level) for the relative risk of caries development depending on potentially causal variables (socioeconomic conditions, inappropriate dietary and hygienic behaviors). Three types of adjusted odds ratios were calculated where confounding factors were following: AOR–socioeconomic conditions, AOR1–inappropriate dietary behaviors past and present, and AOR2–inappropriate hygienic practices present.

Statistical testing of differences between means for two groups was determined using the Student's t-test. The analyses were performed in the SPSS 24 and Statistica 13 software. Significance level for all the analyses was set at p < 0.05.




RESULTS

A total of 1,638 children aged 3 years were included in the study (representing 92% of the original total), with 859 (52.4%) of girls and 866 (52.9%) of city dwellers. The number of participants per a province ranged from 100 to 115 children. A total of 939 (57.3%) of mothers declared university education, and 163 (10%) primary/vocational schooling. In the majority of cases (970−59.2%), the respondents assessed their economic status as average, by 476 (29.1%) as high and by 192 (11.7%) as low.

ECC was confirmed in 674 (41.1%) of the examined children, S-ECC in 23.4%. The mean value of the dmft index was 1.85 ± 3.14, dmfs = 2.99 ± 6.56. Frequency and severity of caries predominated in boys, when compared with girls, at 43.8%, dmft = 2.04 ± 3.21 and 38.8%, dmft = 1.68 ± 3.06, respectively (p = 0.023). Table 1 presents oral health behaviors of the examined children statistically significantly correlated with dental caries.


Table 1. Oral health behaviors of children related to dental caries based on Spearman correlation.
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Spearman correlation analysis revealed that (socioeconomic factors, especially mother's education (r = −0.148, p < 0.001) and family's economic status (r = −0.071, p = 0.004), despite were statistically significant, indicate very weak relationships with the severity of caries expressed by the value of the dmft index. On the basis of logistic regression analysis it was found that the odds of EEC decreased when teeth were brushed twice daily (OR = 0.81, p = 0.033). Provision of water and unsweetened milk decreased the risk of ECC (OR = 0.86, p = 0.193 and OR = 0.84, p = 0.099, respectively) i S-ECC (OR = 0.76, p = 0.056 and OR = 0.73, p = 0.008, respectively). The multivariate regression analysis showed that the dental visits during last 6 months were significantly associated with higher odds ratio of ECC occurrence (AOR = 1.83, p < 0.001).

Table 2 presents the relationship between ECC and behaviors regarded as beneficial for oral health. Brushing of a child's teeth twice a day vs. sporadic and 1–3 times a week significantly decreases the odds of caries, but this effect is weaker when adjusted for the impact of inappropriate dietary behaviors. Children of parents whose self-assessment score was higher tended to have lower value of the dmft indices (1.67 vs. 2.93, p = 0.002), also S-ECC was a rarer occurrence (21.7 vs. 37.5%, p = 0.006) and often they were caries-free (61.4 vs. 42.9%, p = 0.006). This effect was also significant when adjusted for potential confounders (AOR1 = 0.48, p = 0.010 for S-ECC). After 12th month of life a child was not given not any beverages before bedtime and at night; water or unsweetened milk and snacking of sandwiches, fresh fruit, and drinking water on a daily basis will dramatically increase the prospect of maintaining healthy teeth. Mean dmft of 1.23 in children with healthy snacking habits was almost three times lower in comparison with children with unhealthy snacking habits (dmft = 3.56). The importance of dietary factors was not diminished by hygiene behaviors or socioeconomic factors.


Table 2. Relationship between ECC and behaviors regarded as beneficial for oral health.
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DISCUSSION

Protective factors are indicators of preventive activities that may reduce a child's risk of the onset extension of Early Childhood Caries, and should be assessed during the parental interview. Investigating protective factors for ECC and links between diet and tooth brushing in toddlers is essential given the need for early prevention. Many previous studies have examined the risk factors for caries in preschool children. In this study, the focus was on protective factors. To the best of the authors' knowledge, this study is the first one to present protective factors for ECC on a nationally representative sample of 3-year-olds living in all 16 provinces of Poland. One of the important findings of this study is that protective factors for the health of teeth include such dietary behaviors as not snacking or giving any beverages before bedtime and at night, with only water or unsweetened milk given at night, drinking water during the day and healthy snacking (sandwiches and fresh fruit). The right dietary habits are vital in inhibiting development of dental caries (2, 3, 5–10, 12, 13). In this study, when dietary habits in the child's 2nd year of life were analyzed relative to ECC at the age of 3 years, a correlation was observed between consumption of sugar, sweet snacks and sweetened beverages—either its amount, frequency or timing of consumption, addition of sugar to a child's meals. This association is well-known (2, 3, 5–10, 13, 15–21). The correlation between ECC and nursing requires additional debate (11, 12). These study results illustrate the prominent protective role played by healthful dietary practices in preschool children, which is consistent with the results of other authors (2, 3, 20–33). The benefits of water and unsweetened milk, sandwiches and fresh fruit have been proven; this view still holds even after dietary habits conducive to caries have been introduced to the statistic model including the presence of sugar in a child's diet and too frequent consumption of snacks and sweet beverages. The data of the present study are in line with general guidance of providing children with unsweetened milk and water (2, 23, 24, 27, 28, 30, 33). What makes milk and its derivatives cariostatic are its components such as calcium, phosphates, casein, and lipids. There are also many other bioactive ingredients which may also contribute to inhibiting and preventing tooth decay (2, 10, 23). Reduction of caries risk may also be related to the higher frequency of consumption and/or greater amounts (27, 34, 35). The preventive effect of milk on S-ECC was confirmed in Leake et al. (36) and Zaki et al. (27) studies (OR = 0.44; 90% CI = 0.24–0.81 and OR = 0.61; CI = 0.32–1.13, respectively), and supported by the present data. Milk was implicated in reported lower dmfs levels in 3- to 5-year-old African American children (35). In the Johansson et al. (30) study less caries was observed in children who drank milk compared with other beverages (non-sweetened or sweet) consumed with snacks. The above listed studies, as well as the present one, are at variance with the findings of Marshal et al. (37) who reported a neutral association with caries.

Water it is ideal in flushing food debris and reduce the concentration of acids. If water has been fluoridated, it additionally acts topically in the process of remineralization. According to studies by Wang et al. (23, 24), water is the most commonly consumed beverage on a given day among children, most often in Australia (83%) and the US (65%). A similarly high percentage of children in the present study received water as the main beverage (76.8%). Fluoride level in the community water in Poland is below 0.5 mg/L (9). In this study children who drank water had a better chance of being caries-free (OR = 1.15). Quin et al. (38) reported that 75% of caries-free Chinese children would drink only water daily, or mostly water (fluoride concentration in the drinking water did not exceed 0.4 ppm). Özen et al. reported a favorable effect in the reduction of caries if water was drunk following bottle-feeding (OR = 3.45) (39).

Snacking creates a chance to alter diet to include healthy variants: fiber-rich fruit and foods, milk, wholegrain, unrefined cereals, cheese and yogurt that could minimize the action of metabolic acids, and can aid in reversing demineralisation secondary to one's diet (21–28, 31, 32). Healthy diet is always at the forefront of dental prophylaxis since it is assumed that it can neutralize the effect of snacking either by provision of protective ingredients or by replacing bad habits with healthy ones (40). In this study mean dmft index in children with healthy snacking habits was almost three times lower in comparison with children with unhealthy snacking habits. It is fundamental to stress the quality of snacks. The characteristic feature of eating fresh fruit is shorter exposure time in the mouth and the presence of fructose, which has lower cariogenicity than sucrose. The presence of fiber and polyphenols in fruit has been implicated in plaque formation disruption and lowering acidogenicity of oral bacteria (26, 28–31). In the present study, eating fruit between meals reduced the likelihood of decay, similarly to other authors' recommendation that foods rich in NMES should be replaced with fresh fruit and vegetables (26, 27, 30). Bahuguna et al. (32) reported that subjects who consumed a relatively higher amount of fresh fruit were those without caries. Eating five rounds of fruit and vegetables per day is the minimum to maintain dental health among children aged 2–5 years (29). The amount of fruit significantly affected ECC due to its preventive effect [OR = 0.52 (0.26, 1.05)] in Zaki et al. study (27). In the present study, healthy snacking, including fruit, increased significantly the chance of being caries-free, even adjusting for hygienic behaviors (AOR2 = 1.50, p = 0.001). Clinical trials have verified how effective fruit are in caries prevention but the results have been inconsistent and inconclusive. Some authors suggest that reasonable fruit intake between meals is not conducive to tooth decay (34). Masson et al. (15) concluded that there was no significant association between whole fruit intake and treatment of decay after adjusting for potential confounding factors. Diurnal reduction of sugar consumption produced an almost 4-fold drop in the incidence of caries (18). In the studied sample 80.8% of parents admitted that they limited sugary foods, however, a detailed analysis did not mean their reduction in the diet. Parents' knowledge and ability to differentiate between healthy and unhealthy foodstuffs was sadly not reflected in what their children actually consumed. Severity of ECC and the need for therapeutic intervention can be dramatically reduced if dietary pattern reflected by the Healthy Eating Index (HEI) and other healthy eating guidelines are adhered to (26–29). Each additional contact with healthy foods resulted in four percent reduction in the caries prevalence rate in Morikawa et al. study (PR = 0.96; 95% CI: 0.92–1.00) (28).

Additionally, when hygiene practices were examined, it was found that each additional daily contact with healthy food was responsible for a drop in the number of carious lesions (28).

Tooth brushing remains a significant protective factor in preventing ECC, which is confirmed by the present study (2, 3, 5). Sujlana and Pannu (41) postulated that brushing twice daily would ensure 1.8 less risk of ECC; the present study also confirmed a significant reduction of ECC when teeth were brushed twice daily (OR = 0.81, p = 0.033). Many studies have suggested diet impact on caries, but only few have analyzed whether tooth brushing attenuated the impact of dietary sugars and poor dietary habits, or whether socioeconomic confounders attenuate both. This study addressed a gap in this understanding in preschool children. Another important finding of this study is that brushing a child's teeth twice a day significantly decreases the occurrence of ECC, but this effect was weaker when inappropriate dietary behaviors were also accounted for. This result confirmed findings from previous studies, that tooth brushing does not fully control the impact of diet on dental caries (13, 15). The harmful influence of frequent sugar consumption is not neutralized by tooth brushing. If performed frequently, the latter may decrease the risk related to dental caries, but the children whose diet is sugar-rich will still be likely to develop caries (15). It is the chemical aspect of tooth brushing (fluoride content) which is beneficial, rather than the mechanical one. Along with the study by Masson et al. (15), our participants were given a fluoride-containing toothpaste and the obtained benefit should be attributed more to the presence of fluoride than the frequency of brushing.

In the present study, the chance of being caries-free was higher in children of parents who self-assessed their dentition as healthy. Our finding are supported by other studies, that parents' own oral health associate with dental caries in the primary teeth of their children (5, 21, 34, 42–44).

In the present study, children who admitted to the dentist have a higher prevalence of ECC. A relationship between dental appointments (regular vs. irregular, or none) and the occurrence of caries indicates that the purpose of most visits was the treatment of existing carious lesions and emergency cases and not prophylaxis or check-ups. Similar findings among Egyptian children were reported, where higher caries experience was observed for children who attended dental office (40).

The effect of protective factors was also significant with simultaneous adjustment for confounders (socioeconomic and dietary behaviors) in the present study. Although some studies have reported better oral health associated with higher income (2, 3, 5–7, 10, 16), others have found that children enjoying healthy dentition can be identified in lower socioeconomic background families (22, 45, 46).

The strengths and limitations of the present study must be taken into account. Strengths of this study include a largely homogenous social structure, without different cultures and ethnicities. The large size of the sample of the present study gives it sufficient validity and makes it truly representative of the characteristics of the population. Children were recruited from the general population in the country where caries in preschool children is prevalent, and dental attendance was not relevant in the recruitment process. The choice of one age group of children (3-year-olds only) reduced variation in dental caries levels, allowing better assessment. Children at such young age are more prone to change oral health behaviors as it is still being shaped. The study was carried out by trained and calibrated experienced pediatric dentists to ensure a guarantee of the standardization of their examinations. Standardized survey techniques and methods have provided reliable information. The use of a validated patient chart during clinical examinations instead of reported-caries experience (RCE) and multivariable analysis, are another strengths of the study. The present study evaluated the effect of the consumption of healthy foods in tandem with a cariogenic diet on the prevalence of dental caries among 3-year-old children. All possible variables of feeding practices and oral hygiene behaviors including the impact of potential confounding factors were examined. In spite of that, the study was not devoid of shortcomings like the cross-sectional study design, which prevented determining any causality between ECC and associated factors. Lifestyle behaviors such as the dietary intake could not capture longitudinal changes. Secondly, acknowledged limitation of our study is the self-reported dietary data. Due to the nature of surveys, which are burdened with the risk of errors related to forgetfulness or unwillingness to admit to unhealthy behaviors, that may introduce response bias or social desirability bias. Since information on meals at preschool was not included in the study, the findings referred exclusively to feeding patterns at home. Still, a survey was the preferred method due to the large number of participants and the ease of interpretation—the filling in of the questionnaire was not time-consuming. Yet, questionnaires as a source of information have a low or medium potential, and so obtaining data on the total food intake and oral habits was almost impossible. The points of interest in this study were the presence of foodstuffs with sugar in the diet in the first 2 years of life and snacking, rather than measuring specific dietary contents; however, it was attempted to identify some types of food and beverages recognized as risk factors for ECC. In order to identify protective dietary habits to prevent the occurrence of ECC among young children it will now be necessary to conduct studies examining interactions between specific foods and beverages and how they correlate with dental caries. From this perspective, the results of the present study should be interpreted with caution.

The authors of the present study encountered limitations since radiographs were unavailable, which would potentially lead to higher validation. The same concerns information on non-cavitated lesions. However, the conditions of data collection in preschool environment exclude the use of caries diagnosis of both cavitated and non-cavitated lesions and their current activity status.

In addition, the influence of some residual confounding factors on the findings in the present study cannot be ruled out.



CONCLUSIONS

Preventing a child after 12th month of life from getting any beverages before bedtime, the preference of water or unsweetened milk, sandwiches and fresh fruit as snacks, or water given to a child on a daily basis, tooth brushing twice a day decrease the odds of early childhood caries in 3-year-olds. Diet appears to have primary significance in the etiology of ECC, since tooth brushing can only partly attenuate the impact of inappropriate dietary behaviors on dental caries. Good oral hygiene only minimally decreases the odds of caries in cases of inappropriate dietary behaviors. Children are more often caries-free and have lower severity of caries if their parents' dentition is self-assessed as healthy. These results, in particular, emphasize factors widely regarded as beneficial and protective for the health of teeth. They should guide the practitioners and their patients to better understand these factors.
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Adolescent mothers in Malawi face psychosocial challenges such as low resilience level, low self-esteem, poor maternal-infant interaction, and exposure to intimate partner violence (IPV). Children of adolescent mothers often face numerous risks such as low birth-weight, stunted growth, infant death, low school enrolment, increased grade repetition, and dropouts that put them at greater risk of poor developmental outcomes and socio-emotional problems. This study assessed the impact of components of a community project conducted by the Young Women's Christian association of Malawi in providing psychosocial support to adolescent mothers and their children. The goals of the project were; (1) to improve early childhood development in babies born to adolescent mothers; and (2) to enhance the psychosocial well-being of adolescent mothers (self-esteem, resilience stress, and parenting skills). This descriptive mixed methods evaluation study comprised an intervention and control groups of adolescent mothers respectively. The project had 3 centers in southern region districts of Malawi. Target population was adolescent mothers 18 years of age and below. At baseline we enrolled 267 mothers and at the end of the project we had 211 mothers. The project involved monthly meetings with adolescent mothers imparting knowledge and skills and early childhood education activities. From July 2017 to June 2019, 58 sessions were conducted. In the first year the control group had no meetings, however they received the intervention in the second year. Overall results in the intervention group showed statistically significant increase in knowledge on parenting skills (p < 0.01), nutritional practice (p < 0.01), motor skills and cognitive functions in children (p < 0.01) as well as expressive language and socio-emotional capacities in children (p < 0.01), while the change in confidence and psychosocial well-being was not statistically significant (p = 0.8823). Community projects such as these enhance parenting skills and improve development of children born to adolescent mothers. Improving psychosocial support is complex and requires further research and a more holistic approach.
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INTRODUCTION

Malawi has one of the highest rates of teenage pregnancy rates, currently at 29% of the population and has a population of about 17.5 million (1, 2). Adolescent mothers give birth, care, and provide for their children while they are still children themselves and lack practical child rearing skills (3, 4). Children raised in households of adolescent mothers are more at risk of low birth-weight, stunted growth, infant death, low school enrolment, increased grade repetition, and dropout (5–7). In Malawi, babies born to women with no education experience an under 5 mortality rate of 138 per 1,000 live births, in comparison to 94 per 1,000 for women with secondary education. The prevalence of stunting is 12% higher for children born of adolescent mothers than of mothers over the age of 20. Adolescent parenthood is associated with mental health problems such as depression, substance abuse, and posttraumatic stress disorder (8). In addition to this, adolescent mothers have often dropped out of school and thus have less information about prevention of mother to child transmission, health services which infants need in the first 1,000 days, parenting, nutrition, childcare, and stimulation (4, 9, 10).

Various programs have been implemented in low income countries aimed at preventing teenage pregnancies, marriage, and sexually transmitted infections (11–15). However, an area that is lacking includes interventions aimed at supporting married or single adolescent girls who are pregnant or are already mothers together with their children. Programs and centers focusing on psychosocial support are valuable in addressing the holistic needs of children, teenage mothers and their families (16, 17). Use of psychosocial support in early childhood development centers enhances the centers to not only provide educational enrichment, nutrition, healthcare and safety, but also help children and their caregivers to grow a sense of self-worth, participation, social connectedness, and full enjoyment of life. It also helps build better connections between children and their care givers (8, 17).

The Young Women's Christian Association of Malawi (YWCA MW) conducted an intervention project in rural communities of three districts (Mulanje, Blantyre, and Machinga) in southern Malawi titled “Community model for fostering health and well-being amongst adolescent mothers and their children.” The goals were (1) to improve early child development in babies born to adolescent mothers, (2) to enhance the psychosocial well-being of adolescent mothers (self-esteem and resilience) and (3) to assess the impact of interventions on the young mothers and the children.



MATERIALS AND METHODS


Study Design and Participants

This was a descriptive mixed methods evaluation study for the project community model for fostering health and well-being amongst adolescent mothers and their children. The project was conducted in 3 centers, with each center being located in each of the 3 districts in southern region of Malawi namely Mulanje, Blantyre, and Machinga. The sites were chosen due to the fact that the YWCA has branches in these areas. Target population was adolescent mothers 18 years of age and below who voluntarily agreed to participate after an informed consent. Written informed consent to participate in this study was provided by the participants or their legal guardian/next of kin.

Various methods were used to identify and recruit the mothers into the project (1) antenatal clinics, (2) community leaders, (3) social workers and peer recommendation. At baseline, we recruited 267 mothers and their children and at the end of the project we had 211 mothers (56 dropouts). The dropouts cited several reasons for dropping out, which included continuing education, employment, business, marriage, or relocation from the project site.

The adolescent mothers were divided into two groups of intervention, namely intervention and control groups, and the division process was based on random numbers. The intervention group received the training in various aspects of psychosocial life while the control group did not receive training. But after 1 year, the control group commenced to receive the intervention and the two groups run parallel sessions simultaneously. This set up allowed us to (1) make a comparison between treatment and control for the first year, and (2) to allow comparison if duration of intervention would impact results (a 1-year intervention vs. a 2 year intervention).



The Intervention

Various steps were taken to inform project design and intervention program namely meetings with stakeholders (government ministries, village leaders, other NGOs) and a baseline study/needs assessment was conducted (Dzabala et al., unpublished).

The intervention comprised provision of safe and inclusive community spaces for adolescent mothers and pregnant girls. YWCA coordinators and champions held two dialogue sessions a month at YWCA safe spaces in Mulanje, Blantyre, and Machinga and each session lasted 4 h. The facilitators were monitored for quality by the project officer, project manager and executive director. In some sessions key resource personnel were invited to facilitate sessions, e.g., social workers and health workers.

Each district set up a team comprising 5 YWCA champions plus district coordinator. Champions were YWCA peer educators and members who were trained to facilitate the meetings with adolescent mothers and their children. From July 2017 to June 2019 a total of 58 sessions were conducted (36 sessions for intervention group and 22 sessions for control group). On average each adolescent mother and child attended at least 80% of the sessions.

Psychosocial programs were used to build resilience, self-esteem, and mutual support among girls. The program aimed at empowering girls to prioritize their own and their children's health and well-being by providing them with services and information. The sessions were not designed as lectures but applied principles of adult learning, offered craft activities, small group talks, and repeated opportunities to practice positive parenting. Table 1 provides an overview of the intervention components, beneficiaries, and deliverers of the community program.


Table 1. Components, beneficiaries, and deliverers of the adolescent mothers project.

[image: Table 1]



Data Collection

Data collection was done by officers from the district social welfare office of the Ministry of Gender, Children, Disability, and Social Welfare based in the study district. This is the ministry that implements early childhood development programs in Malawi. Fifteen data collectors were identified, five from each district. The data collectors were recruited based on their previous involvement and experience with adolescents and young mothers and these included 7 social welfare officers, 2 assistant social welfare officers, 5 child protection officers, and 1 Early Childhood Development (ECD) personnel. The data collectors received training consisting of theory and field trial prior to commencement of data collection.

Data was collected through interviews, direct observation of parent-child interactions, developmental assessments, and interviews of adolescent mothers using a structured questionnaire. The questionnaires for the interviews and checklists for developmental milestones were developed by adapting questionnaires used in similar projects. The questionnaire(s) were pretested prior to data collection exercise to ensure that they were still valid after the adaptation and this was done by interviewing young mothers outside the project areas and evaluating the answers for correctness. The questionnaires and checklists were then installed in mobile tablets for easy data collection and collation. The interviews were performed at the YWCA branches away from their homes and spouses. Each interview and/or observation took ~30–45 min to complete. Data collectors were supervised at least once during the data collection period by the project officer.

The questionnaire had two parts. The first part collected data on the developmental milestones (nutrition status and child development) and physical growth of the children. A 100% score on these indicators means that the child met all the age-relevant developmental milestones. Based on the responses, we were able to create a score for the relevant age group and then convert this to a percentage score, which allowed for analysis across age groups.

The second part of the questionnaire comprised tools to assess the psychosocial well-being and parenting skills of mothers. We measured resilience through the Brief Resilience Scale (18), Self-esteem was measured using the Rosenberg Self-Esteem Scale) (19). Parental stress was measured using the Parental Stress Scale (20). And mother infant interaction was assessed using a tool adapted from the assessment of Mother Infant Sensitivity (AMIS) Scale (21).

Qualitative data on these indicators was also collected through semi-structured interviews. This aimed to add richness and more information to the quantitative data. It explored the effects of the project on the social environment and on the psychological and social well-being of adolescent mothers. Forty one individual semi-structured interviews conducted with: 18 beneficiaries (adolescent or young mothers); 18 peer champions who ran the groups; 2 project staff members and 3 trainers. 41 individual semi-structured interviews conducted with: 18 beneficiaries (adolescent or young mothers); 18 peer champions who ran the groups; 2 project staff members and 3 trainers. Respondents were asked about their experiences on the project. The questions explored the following broad areas; impact of project on beneficiaries and challenges faced; case studies; challenges with the project; changes observed in beneficiary children; impact of project on peer champions and project staff; most useful parts of the project; and recommendations and areas of improvement.



Measurements Time-Points and Measures of Evaluation

Data about the mothers and their children was systematically collected at before the interventions (baseline) and after the implementation of the project (endline). To assess the impact of participating in the intervention, both the quantitative measures and qualitative data mentioned above were used. The study had five outcomes namely (1) increased knowledge on parenting skills, (2) increased knowledge on nutritional practices, (3) improved confidence and psycho-social well-being, (4) improved motor skills, cognitive functions, and (5) improved expressive language and socio-emotional capacities. Table 2 highlights the measurement tools and indicators used to measure outcomes.


Table 2. Project outcomes and the activities or measures used to achieve them.
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Data Analysis

Quantitative data was imported into STATA v14 for statistical analysis. Data was cleaned and also entailed coding and encoding. Entries with missing data were excluded from the analysis. Missing entries that were excluded were those of respondents that dropped out and had no data at all. Both descriptive and bivariate statistics were conducted to examine the distribution of all variables and assess relationships between variables. Collected data elements on various developmental measurement scales were converted into scores using the particular standard scoring methods. Following the scoring the measuring scales components, the values of particular scale components were summed up to come up with a total score of the outcome measure. We compared the mean score between the intervention and control groups at baseline and endline.

t-test models were used to assess the effectiveness of the intervention comparing mothers and children belonging to the two groups. A treatment effect analysis was done to compare the outcomes at the end of 2 years in the intervention group compared to control group. A P-value of 0.05 was used as a measure of significance.

The qualitative interviews were audio recorded, followed by detailed notes with quotes for each interview were written up by the data collector. These were then imported into N-Vivo, a qualitative data analysis software program. Each response was analyzed using thematic content analysis. In this technique, each response is coded into themes. The themes were then cleaned by joining some together and creating broader themes. During this process, important quotes and case studies illustrating themes were noted.




RESULTS


Demographics

Two hundred and eleven mothers were evaluated. Average age of participants was 17.56. 49.3% (104) of the mothers were married and living with the husband. 12.8% of the mothers lived alone with their children and had no support structures. The rest of the participants had support structures in the form husband, father/mother, grandparents, siblings, extended family, and in laws. Demographic data of participant in summarized in Table 3. Majority of the mothers (188, 89.43%) had given birth to one child, while 22 (10.4%) had given birth to more than one. Only one respondent reported having given birth to three children. None of the respondents were pregnant at the time of recruitment. Ages of the children that were recruited to be followed throughout the project ranged from 1 to 36 months (M = 12.79 months, SD = 7.45). The sex of the children was almost equally divided between female (52.06%) and male (47.94%).


Table 3. Demographic and demographic data of the study participants.
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Quantitative Outcomes on Children

Quantitative outcomes explored nutrition, physical growth, and developments milestones of the children. Nutritional improvements in both the control and intervention groups are showed in Table 4. There were improvements for “Most meals were baked, steamed or boiled” (so not fried), ranging from 39.6% to 71.6% in the intervention group. Similar results were seen in the control group with improvements from 43.7% at baseline to 64.8 at endline.


Table 4. Nutritional improvement scores for the children of young mothers.
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On physical growth there were improvements on physical growth indicators of children between baseline and endline period mostly for the unpleasant ‘'below expected (below the 15th percentile)” category in both groups (Table 5). At baseline, most children (66.1% in the intervention group and 64.9% in the control group) fell within the expected levels of physical development (between 15th and 85th percentile1) across all indicators. At end line, there were improvements for length, head circumference, while weight, weight for length) and BMI had larger improvements for the proportion of children that were below expected. Table 5 below summarizes the physical growth indicators.


Table 5. Physical growth indicators.
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There were also improvements of the motor, cognitive, social and emotional, language, and communication scores of children (summarized in Table 6).


Table 6. Proportion of children with improved outcomes.
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Psychosocial Well-Being of Young Mothers
 
Resilience

74.39% of mothers agreed or strongly agreed that they tend to bounce back quickly after hard times at baseline and this increased to 92.42% at endline. 66.18% agreed or strongly agreed that it does not take them long to recover from a stressful event at baseline and this increased to 78.67% at endline. However, 65.75% agreed or strongly agreed that it is hard for them to snap back when something bad happens and 63.77% agreed or strongly agreed that they have a hard time making it through stressful events at baseline. At endline, these parameters increased to over 71.09 and 78.20%, respectively (Supplementary Table 1).



Self-Esteem

Almost all of the mothers (93.72%) agreed or strongly agreed that they take a positive attitude toward themselves and this increased slightly at endline to 96.79%, while 87.44% agreed or strongly agreed that on the whole, they were satisfied with themselves and this increased to 90.05% at endline. However, several mothers agreed or strongly agreed that they wish they could have more respect for themselves (96.62%) but this decreased slightly at endline to 95.73; that they do not have much to be proud of (71.49%) and this increased to 72.04% at endline and 57.00% that they at times think they are no good at all at baseline and saw a slight increase at endline to 58.77% (Supplementary Table 2).



Parental Stress

Over 80% of mothers agreed or strongly agreed that: they were happy in their role as a parent at baseline and improved to 94.79%; they feel close to their child; they enjoy spending time with their child; their child is an important source of affection for them; having a child gives them a more certain and optimistic view for the future; and they find their children pleasurable. On the other hand, some mothers agreed or strongly agreed that they sometimes worry whether they are doing enough for their child (73.43%) at baseline with slight increase at endline to 78.20%, that caring for their child sometimes takes more time and energy than they have to give (63.29%) at baseline to 67.67% at endline, that having a child has meant having too few choices and too little control over their life (63.34) at baseline which decreased to 58.77% at endline. Finally, 42.03% of mothers agreed or strongly agreed that if they had to do it over again, they might decide not to have a child at baseline and it dropped to 29.38% at endline (Supplementary Table 3).



Mother-Infant Interaction

The Mother-Infant Interaction Score ranges from 5 to 25 with a higher score indicating increased positive mother-infant interaction (21). At baseline, most mothers' (37.56%) predominant maternal mood/affect was characterized by “shifts of expression in response to Infant behavior such as prolonged visual regard and smiling at Infant”. At endline, this increased to 82.94%. Improvements in the mother-child interaction were also observed in other aspects of mother-child interaction (Supplementary Table 4).



Intimate Partner Violence

Before asking respondents about their exposure to IPV, they were asked to indicate how safe they felt in their homes and in their community. At baseline, most felt safe or completely safe in their home (73.41%) and in their community (75.28%), but at endline this improved to 90.04 and 92.4%, respectively. Most of the mothers (89.51%) reported that they have been in an intimate relationship. 61.92% said that they were currently in an intimate relationship. Of these, 31.08% said that they were currently afraid of their partner. The IPV scale assessed the exposure of the mother and the child to 15 forms of IPV in the last 3 months. The forms of IPV reported by the highest number of mothers were: “My partner told me I was crazy, stupid or not good enough” (24.53%) at baseline but reduced to 11.85% at endline; “My partner blamed me for causing their violent behavior” (21.05%) at baseline which reduced to 9.95% at endline; “My partner made me perform sex acts that I did not want to perform” (17.11%) at baseline that reduced to 10.95% at endline; and “My partner shook, pushed, grabbed or threw me” (17.05%) at baseline that reduced to 11.85% at endline (Supplementary Table 5).




Impact of Interventions on the Study Outcome: Relationships Between Variables

On the part of the intervention group, there was statistically significant increase in knowledge on parenting skills (p < 0.01), nutritional practice (p < 0.01), motor skills and cognitive functions (p < 0.01) as well as expressive language and socio-emotional capacities (p < 0.01), while the change in confidence and psychosocial well-being was not significant (p = 0.8823), showing that there was no change. However, there was no significant change for the control group for all parameters. Table 7 shows control group and intervention groups that had significant and insignificant changes during the study period.


Table 7. Outcomes at 2 years compared to baseline in the intervention and control group.
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Qualitative Results
 
Most Useful Parts of the Project

From the education sessions point of view, the topics on brain development was ranked as the most useful part (by 71% of all respondents), followed by how to care for and protect your child (51%), relationship building (34%), and stress management (32%).



Impact of the Project on the Adolescent Mothers and Their Children

Respondents were asked to reflect on what the impact of the project has been on the adolescent and young mothers. Responses included that they have become better mothers (90% of all respondents), have experienced a personal change or development (83%), feel that they have improved health and hygiene (28%), have improved relationship building (56%), and the project allowed access to other opportunities (17%).

Respondents were asked if they noticed any changes in the children of the adolescent and young mothers as a result of the project. Four themes emerged from these responses, namely physical and intellectual growth (94%), improved eating or diet (56%), improved social skills and confidence (72%), and improved health (33%). One beneficiary recalls the impact of the project on her child.

A treatment effect analysis was conducted to compare the outcomes at the end of 2 years in the intervention group compared to control group. The results showed 17.9-point increase in the average score in the intervention group compared the control group at the end of 2 years follow up. However, this increase was not statistically significant 17.9 95% CI (−3.23 to 39.11), p-value 0.097.





DISCUSSION

The results of the intervention evaluation suggest that the intervention programs were effective in dealing with the challenges that young mothers and their children faced. The study had five outcomes namely (1) increased knowledge on parenting skills, (2) increased knowledge on nutritional practices, (3) improved confidence and psycho-social well-being, (4) improved motor skills, cognitive functions and (5) improved expressive language and socio-emotional capacities. This was shown by comparing outcomes at baseline and endline, for both the intervention and control groups. There was a significant change in the four of the five outcomes that were evaluated for the intervention groups (Table 7). Notably, 79% (211/267) of the young mothers participated in the intervention programs for 2 years. The retention rate was good for such a project, though it was slightly lower for similar intervention program (91%) in Canada that was done in a minimum of six weeks sessions as compared to ours that took 2 years. But our retention level was higher than many similar programs in the US that mostly have 40–60% drop out rate (17). We attribute this high retention rate to the study design approach. As an incentive the control group received the intervention in the second year. This gave them something to look forward to while maintaining integrity of the program to have comparison group. In addition to this the project involved the community and tailored the programs for the needs of the targeted people (Dzabala et al., unpublished). We also attribute the retention rate to the interest that the program brought to the participants and the challenges it solved for them as cited in the semi-structured interviews. Another contributing factor was that the sessions were run by trained YWCA Malawi members. These reside right in the communities and were known to the participants hence security of safe space and absentees were followed up if they missed two consecutive sessions.

Generally, the project resulted in increased knowledge on parenting skills and nutritional practices. This suggests that the materials, methods, personnel, and duration that the interventions were implemented were effective for the purpose. This is in agreement with the literature that shows that awareness of the mothers improves their preparedness in performing some tasks, like in this case parenting and nutritional practices (22).

Analysis in the control group showed no statistical difference in all outcomes measures at the end of 2 years (Table 7). One possible reason for this was that the study group was underpowered. Majority of study dropouts were in the control groups therefore reducing the sample size. Secondly this could alo be due to the fact that the control group received the intervention for shorter duration. Tintervention groups received 36 sessions and control receiving 22 sessions. This difference may suggest that duration of intervention and number of sessions matters in the effectiveness of the intervention. This implies that in the implementation of such intervention, time should be considered factors when programming. This contradicts a similar study in Nigeria whose results implied that modest levels of participation could enable community uptake of a potentially lifesaving health intervention as well as promotion of policy change (23). The 1 year of intervention the control group received may have not been enough time to learn and start practicing what they learnt. Therefore, in order to achieve the same results in shorter period, curriculum review of the program may need revision, either in the delivery approach or content being taught. This may be supported by studies that have shown that parenting is multidimensional. This means that parents need more knowledge to meet children's needs. This knowledge should be both deep and wide enough that includes developmental milestones and norms that support parenting (24).

Overall results in the intervention group showed that there was significant improvement in the, children's motor skills and cognitive functions as well as improved expressive language and socio-emotional capacities (Table 7). This suggests that the intervention programs were effective for the children as well. Children's physical health, social, cognitive, emotional, and behavioral competences are suggested to be contributed by the parents' knowledge, attitudes and practices. Children's outcomes depend on various domains of development, which in turn are also enhanced by early positive and supportive interactions with parents or caregivers. For young children to thrive and have proper growth in all life domains, they need their parents and other primary caregivers, inside and outside the home (25) Once the physical health and safety of the children in achieved, it helps them to achieve the other domains such as emotional and behavioral competence, social competence, Cognitive and Competence (25, 26). This therefore also means that the programs that target different domains of life are more successful. For future program we recommend such holistic approaches incorporating different domains.

For both the intervention and control group the outcome measure improved confidence and psychosocial well-being was not statistically significant (Table 7). The insignificant change could be due to the multidimensional state of psychosocial well-being that includes many factors that are also interrelated. There are many domains of psychosocial well-being such as happiness, satisfaction with life, positive effect, optimism, hope, vitality, purpose in life, personal growth, self-acceptance, environmental mastery, autonomy among others (27) yet only fewer of those domains were considered in this study (Table 2). In this cohort most mothers struggled with purpose in life, with majority being school dropouts and living in poverty. This is an area that the project did not address. Therefore, the insignificant result could be due to failure in the programs to improve one sector of the psychosocial well-being the affected the achievement of the other domains significantly. Improvement in one dimension of psychosocial also depends on the presence of other psychosocial parameters such that designing of such programs should always consider incorporating all psychosocial well-being dimensions (28). Policies which seek to enhance the psychosocial well-being of adolescent mothers should aim to do this through existing services.


Limitations of the Study

The findings should be interpreted within the limitations of the study. Study participants were selected based on convenience; the confounding effects were not controlled during the study design or at the end of the project using statistical measures. This made it challenging to look at the overall impact of the intervention statistically. Therefore, the results cannot be generalized and establish a cause and effect pattern. There are limitations with convenience sampling however, it was used in this study because the intervention was a pilot in the communities, this approach was cost effective and the nature of the study it was challenging to create constant variables in the communities for adequate comparison. In addition, the tools used in this study have not been validated in Malawi and contextual different might have had an impact on their suitability to assess the parameters and should be interpreted with caution. The questionnaire was pretested on a separate population and amendments to the questionnaire were made where necessary.

The study also did not include a comparison group of adolescents who have not given birth and who are not pregnant to assess the degree to which the pregnancy/child affected psychosocial well-being. Despite these limitations, this study provides insight into the experiences of a vulnerable group for which little information exists in terms of psychosocial well-being. It also provides useful information for interventions aimed at this group.




CONCLUSIONS

This study confirms the widely reported results elsewhere that young mothers face many psychosocial challenges and underscores the need for projects targeting this group of vulnerable mothers and children. It further highlights the need to understand and enhance the psychosocial well-being of adolescent mothers. We found that our intervention, targeted at improving the psychosocial support of adolescent mothers, increased child development but did not increase the mothers' psychosocial well-being. While policy makers can use this intervention to increase child development of adolescent mothers, future iterations of this work should focus on increasing (our understanding of) the psychosocial wellbeing of the mothers.
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FOOTNOTES
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This paper describes a creative and bold way in which a local NGO addressed increasing access and quality of ECED services in Colombia. This case study on Fundacion Carulla's aeioTU early childhood innovation in Colombia contributes to understanding the possibilities for the private sector to spark innovation, and the importance of an open and collaborative strategy in contributing to the ECED sector at large. The critical role of monitoring and evaluation in the provision of services is highlighted. This guided key decisions on different growth phases. After a decade of work, Fundacion Carulla-aeioTU has shown capacity to effectively support children's development in low-income settings through their participation in quality programming. Furthermore, this case study also describes how the organization, having proven its capacity to provide high-quality services directly to children, decided to innovate and bring about different solutions to reach and support other stakeholders in the early childhood development ecosystem.
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INTRODUCTION

For decades, the infrastructure of early childhood education and development (ECED) services for low-income children in Colombia had been inadequate and insufficient, mirroring profound social and economic inequities across the country. In 2008, after research and consultations with various institutions including small ECED centers and government agencies, Fundación Carulla (FC) decided to create a new social enterprise—called aeioTU—to provide high-quality ECED services to children through direct services as well as a social franchise model. In addition, FC identified a need to develop the early childhood education and development cluster across the country, in order to expand and strengthen high-quality ECED services for low-income children.

The original aeioTU business plan included the creation of 19 ECED centers in high-income communities that—through their profits—would subsidize 4 aeioTU centers in low-income communities. It also included 65 self-sustaining aeioTU social franchise centers. Ultimately, this would reach an estimated 33,608 children and encompass 1,364 teachers.

During the first 5 years of implementation, aeioTU defined its operational model and piloted its franchise-based business model, driving for sustainability, quality inclusive services and evaluating the program's impacts. After a decade of building programs, adjusting programming and priorities and investing in building a cluster for ECED advocacy, aeioTU has reached 228,667 children in 1,851 ECED centers working with 17,238 teachers. aeioTU is on its way to becoming and impactful, sustainable social enterprise reaching programs and families in Colombia, other parts of Latin America and even Africa.

This paper provides a detailed description of how this ECED program was built and scaled-up in Colombia, and of how it engaged with a variety of national and international stakeholders to promote country-level change in ECED services. The paper illustrates the various stakeholders that can be engaged in ECED, as well as highlight alternative long-term strategies for sustaining ECED growth in developing contexts. It describes the relationship between a private foundation and local and national governments; the adaptation of quality programs to local contexts, and the use of measurement and evaluation for improvement, adaptation and scaling.



THE LANDSCAPE OF EARLY CHILDHOOD EDUCATION IN COLOMBIA

In 2008, the critical importance of investing in ECED had gained ground globally and across diverse sectors in Colombia (1). The national government, a few large city governments, NGOs and universities had been working on advancing early childhood development, but significant gains had not been made (1). There were substantial gaps in the quantity and quality of ECED services across the country. Of an estimated 4 million children in the country, 35% experienced multidimensional poverty with only 33% having access to some type of ECED program (2, 3). There were no national policies on early childhood programming or services. It was not until 2006 that early childhood education was established as a fundamental right (4).

The national government was funding two large programs; one that provided children with a breakfast and the Hogares Comunitarios program, a home-based care program (5). The latter was the only ECED program evaluated in the country and showed weak impacts. According to the National Planning Department's (DNP) evaluation of the program in 2009 (6), despite positive results in terms of hygiene conditions and psychosocial development, there was no evidence of cognitive impacts on children and some indication of negative impacts on health (6).

A broad overview of the ECED sector in Colombia carried out by FC identified a highly fractured sector with low demand for early childhood services and low capacity to pay for these. This overview further showed services were relatively small-scale, evidenced little innovation and no monitoring or evaluation. More specifically, there were no agreed-upon criteria for defining quality in early childhood programs.

Education and health sectors lacked strong vertical and horizontal integration (1), despite a history of integration of early services exemplified with the creation of the Instituto Colombiano de Bienestar Familiar (ICBF) in the 1970s (1). Funding for services was also unstable (1). The conditions for adequate provision of services were weak, with centers and classrooms lacking proper infrastructure, didactic materials, and early childhood qualifications for teachers, and with an absence of standards, monitoring and evaluation. Despite the evidence on the importance of qualified and trained teachers in early education, there was no emphasis on qualifications or professional development of early childhood teachers at the time. According to a 2015 UNESCO report Colombia was not producing enough professionals to meet the national ECED strategy (De Cero a Siempre), with only 7,500 professionals graduating from relevant programs annually and 74,000 needed (7).

In ECED programs, common practice was to hire teachers on short-term (10–11 months) contracts, contributing to job insecurity and high turnover. Some cities did not have professional development budgets (8). The Hogares Comunitarios program caring for young children paid less than the minimum salary to its estimated 800,000 community mothers, each caring for 10–12 multi-age children in their own homes (8).

In 2008, Colombia was the second largest country by population in South America (42.25 million), with a diverse geography and distinct regional cultures, demanding innovation in infrastructure and capacity to reach remote communities. The rich and varied cultural heritage can be supportive of children's educational experiences, but programming at scale was challenging given the differences between urban and rural contexts and the varying levels of human capital across the regions. Despite being the longest standing democracy in the region, with decentralized governments and a tradition of free enterprise and market solutions, the country continued to experience internal violence and migration (1). A growing migration from neighboring Venezuela was becoming tangible.

In this landscape, FC met with the National Secretary of Education of Colombia in October 2007 to understand in which education sector FC could have the greatest impact. The Secretary recommended supporting the development of a national ECED strategy that would build on the growing evidence on the importance of early interventions for children's development and school performance. There was yet no national ECED policy. The board of FC decided to commit its efforts to promoting system-wide change for children ages zero through five through investment in innovative, bold, high-quality and sustainable programming. This plan would include direct provision, as well as public and private partnerships.



A SOCIAL ENTREPRENEURSHIP APPROACH TO EARLY CHILDHOOD EDUCATION

FC developed a business plan to create “model” ECED centers under the brand aeioTU. These would then serve as prototypes for other providers to replicate as franchises. Franchises would benefit from access to aeioTU's start-up financing, facilitated monitoring of early child development, and linkages to professional development and cross-center collaboration. The idea was that model centers and franchises would generate economies of scale in negotiations with suppliers, and most importantly, stimulate system-wide change. FC sought to become a driving ECED actor contributing to high impact, sustainable change through its vision and a strong business model. FC was guided by the following learning questions:

• Can we create a high-quality ECED model center at low cost despite the challenging context in Colombia?

• Can we scale the ECED model center to reach thousands of children?

• Can our example lead a transformation of the ECED sector in Colombia, mobilizing providers to advance high-quality ECED services to low-income children across the country?



INSPIRATION ON THE REGGIO EMILIA APPROACH

Of the many ECED experiences around the world and within Colombia, FC was most inspired by the Reggio Emilia approach (9). FC had a vision of contributing to the transformation of Colombia through the development of and social commitment to its children, to move the country toward greater levels of child development, social mobility, environmental awareness, democratic values, social inclusion, peace and innovation. The history of the Reggio Emilia approach resonated with FC because it originated in Italy as it transitioned from a period of violence after World War II. Reggio Emilia's values of hope in the ability to rebuild a community; collaboration with local families and communities; creation of social capital; empowerment of children, educators and families; recognition of and value in one's identity, and viewing children as the drivers of the educational experience were all critical to shaping FC's own vision. More so considering the context in Colombia, which at the time continued to experience internal violence and related internal migration (10).



PROGRAMMATIC ELEMENTS

FC launched aeioTU with the understanding that the relationships and interactions children had with themselves and with adults, and the relationships among adults in the ECED centers, were key to high-quality ECED services. The aeioTU centers, would promote high quality by focusing on 6 critical areas: a comprehensive combination of nutrition, health and education objectives, clear pedagogical objectives and a curriculum with an emphasis on continuity across the early years, continuous professional development, adequate physical space and materials, family participation, transition to formal schooling, strong center management and planning for sustainability (9). While aeioTU predated the release of the nurturing care framework (11), it similarly takes a life-course perspective that encompassed good health, adequate nutrition, responsive caregiving, and opportunities for early learning. The nutritional component includes child nutritional monitoring and providing 70% of their nutritional intake needs. The program also includes engaging parents on nurturing care and positive discipline. aeioTU is an inclusive program and has strategies around inclusion that include family engagement, teacher training, parent training and developmental follow-ups (this component has not been evaluated independently).A comprehensive description of the model is included in Nores et al. (9).

aeioTU's goal was to scale and reach as many children as possible to provide a strong start for children across all developmental domains, including socio-emotional development. The initial business plan approved the creation of 19 for profit aeioTU centers, 65 sustainable centers where families contributed to operational costs and 4 fully subsidized centers in low-income communities. The latter where to be funded from outside sources and the subsidizing for-profit centers. This social enterprise model was to generate high-quality ECED services for 33,608 children in a period of 10 years, via 84 centers employing 1,364 teachers. Home-visitation components were developed later under aeioTU en casa (aeioTU at home).



DIRECT OPERATION OF AEIOTU ECED CENTERS

In its first year, the aeioTU service center was created with a matrix organization that included pedagogy, partnerships, finance, administration and communications teams to support the start-up and operation of three new aeioTU centers. This first phase included the development of standards, curriculum and guidelines for the educational experience.

In January 2009, aeioTU opened its first for-profit center in Bogotá, and two fully subsidized centers in low-income communities in Barranquilla and Bogotá. Each center included a center coordinator, a team of teachers, a psychologist, an artist, a nutritionist, an administrator and kitchen staff. The centers' teams focused on engagement with the local community and context—key social actors, families, and the environment—, and the process toward opening the centers included community consultations. Teacher to student ratios (at the beginning) were 1:12 with at least 3 m2 of physical space per child in the classroom. The centers served children birth through age five, with class sizes increasing by age.

By 2011, the centers had been well-received by the local communities and the ECED sector at large. Centers were at capacity or had waiting lists. With media coverage, recognition for the model grew. City governments, companies, and grant-making foundations started to show interest in the model. The President of Colombia and the ministries of education, health, and social services visited the centers and remarked on the innovations in pedagogy, staffing, and materials. President Alvaro Uribe visited the first aeioTU center on 2009 when the center was officially inaugurated (12), and President Juan Manuel Santos held its nation-wide planning meeting on ECED in an aeioTU center in Santa Marta on 2011 (13).

After opening the initial centers, the initiative started to evolve to focus on continuous improvement of the learning experience, standardization, quality certification, and scalability. A longitudinal randomized controlled study was initiated in two of the newer centers (10). The growth of aeioTU centers over the next decade by funding type is portrayed in Figure 1.
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FIGURE 1. Growth of aeioTU centers by type 2009–2019.


aeioTU opened an average of 3 centers per year from 2008 through 2016 in 15 cities. These included large urban environments, with palpable urban violence, as well as medium-sized cities and small rural communities. The growth was motivated by the idea of learning and piloting the aeioTU ECED learning experience in a variety of communities, as well as by the demand for the aeioTU model emerging from communities, companies, foundations and local governments. This growth of subsidized centers deviated from the original business plan, but was funded by tens of organizations willing to commit to this national experiment, which aeioTU engaged with as partners. Three key areas of the operation were evaluated and improved upon during this 8-year period of growth, along with efforts to optimize the per-child cost and improve the quality of the learning experience:

• The for profit aeioTU centers: a first center opened as planned, but it took some time to reach a point when no subsidies were needed. This delayed the opening of additional for-profit centers. Two of these centers exist today. As described by a mother of this first center “It has been marvelous for us as a family to discover the social work that the Foundation does by providing the same educational model to low-income families. We are aware of how fortunate we are to have the means to provide our girls with the best education; and are happy to participate somehow in providing the same model to children with less opportunities. That is precisely the principle of solidarity that we want to teach our children. Like aeioTU, we know education is key to reduce the inequalities that exist in our society” (14).

• The sustainable aeioTU franchise: franchises were never initiated because the cost of operating the centers was not low enough for sustainability in this model under which middle-income families would pay tuition. The aeioTU “company center” was instead created, with companies financially supporting a center for its employees' children. Two of these centers exist to date.

• The subsidized centers: Direct provision of ECED services in low-income communities had such a strong response and faced such high demand that aeioTU grew significantly more than originally planned. Most of the funding came from the public sector and philanthropy, rather than from the for-profit centers described above. For-profit centers have however funded 577 children. The government and philanthropy have funded 22,994 children.

In low-income communities, where demand for slots was significant, centers of 300 children proved to be optimal in terms of per-child cost (larger than typical centers of 60–100 children in Colombia).

In order to reach lower the per-child cost while preserving quality, aeioTU innovated in the use of space, the weekly schedule, the type of buildings, classroom equipment and materials. This also included shifting in some locations to aeioTU en casa (aeioTU at home) to support pregnant moms, infants and toddlers. Nutritional services were eventually shifted to a specialized organization that worked in partnership with the centers, to ensure reasonable pricing and quality at a larger scale. This allowed leadership teams to focus on the pedagogical components. Appendix 1 displays the innovations and changes made throughout the decade toward sustainability.

A central component of aeioTU has been an emphasis on evaluation and continuous quality improvement. Between 2008 and 2013 aeioTU underwent two external evaluations that drove improvements: (a) a longitudinal study conducted by Rutgers University and Universidad de los Andes (9, 15), and (b) visits from Reggio Children. In particular, the longitudinal study evidenced positive cognitive and health impacts (as measured by anthropometric indicators) on children early on (9) and sustained medium-term (Bernal et al., unpublished). Programmatic improvements were a direct response to lessons from these evaluations including improvements in:

• understanding and modifying the day schedule for children to reduce time spent in transitions and strengthen the education component,

• materials and use of space,

• the use of documentation and research by teachers,

• the role of the teachers within the classroom,

• the relationship with the community, including the social and physical environment,

• the creation of a system of quarterly indicators to follow children's development, used in meetings with the family,

• the development of ConecTU, a tool to systematize and generate reports with aggregated child information,

• the strengthening of professional development (PD) for aeioTU teachers and families, and PD supports,

• shifting services for babies and toddlers to integrate services starting at birth.

Claudia Giudicci, Reggio Children president, wrote in 2016 to aeioTU “I [renew] my gratitude and that of Reggio Children for the extraordinary work that you are doing in Colombia with aeioTU to provide children with a new future….your efforts promoting the rights of children is notable” (16). Ellen Frede, as co-director of NIEER wrote “I was fortunate to visit the centers, meet the teachers, center coordinators, parents and educational leaders to revise and comment on the materials and procedures that are included in the highly complex but manageable system of the Curriculum Cartography. This system and materials are a great contribution to early learning… it is a resource to the world” (17).

The challenges of working in regions with local conflict proved to be unique. aeioTU innovated using art, partnering with the family and the community in order to preserve the centers as safe and peaceful spaces within the neighborhoods, while eliminating the use of security guards. There has never been violence inside the centers, and the families themselves returned the few times items robbed from a center. Having independent and empowered female teachers created some discomfort in one community, and was ascribed to a patriarchal system. Consequently, aeioTU included diagnostic tools and PD to support teachers in engaging with such complex situations.

Since its creation, aeioTU used the Balanced Scorecard system (BSC) to manage its work. The BSC included a strategic map with objectives, indicators and annual initiatives to achieve intended goals. The management team reviews the results of indicators and key initiatives monthly, the Board does so quarterly, and these are revised yearly. Appendix 2 has a copy of the strategic map used and Appendix 3 includes a copy of the theory of change under which the BSC operates.

It is important to note that the decentralized government model of Colombia has meant that aeioTU has had to work with multiple government stakeholders including the national government and 13 provincial governments. Yet, due to free enterprise policies in Colombia, aeioTU was able to create the cross-subsidy model, operate aeioTU centers with public and private funding, and leverage multiple sources of funding across all its centers, including resources from other NGOs.

According to Maria Clemencia Rodriguez de Santos, former first lady of Colombia from 2010 to 2018, “The [Cero a Siempre] policy, established by the administration of President Juan Manuel Santos and from which I was the spokesperson, was made possible by the joint commitment of the children's families, the public and the private sector, who allowed the comprehensive care for early childhood to become a reality. In this endeavor, aeioTU was a committed and unconditional ally” (18).



SCALING THE AEIOTU MODEL FOR GREATEST REACH AND IMPACT

By December 2015 aeioTU had 28 ISO 9001 certified centers for 13,315 children, with stability of contracts and staff and showed high satisfaction of employees and partners. The centers existed in different contexts and size configurations. Therefore, with the support of the Interamerican Development Bank, in late 2015 aeioTU worked with a social franchise expert from London to prepare the social franchise business plan. The 2015–2025 business plan envisioned 20 aeioTU franchises and ten new directly operated centers. At the Board Meeting in December 2015, the recommendation was to go back to the drawing board because the social franchise model was too expensive and difficult to implement in terms of quality and consistency for space, materials, and PD. It would require costly monitoring and supervision.

The management team continued to research scaling alternatives and in 2016 piloted two efforts to engage partners in replicating impact, to reach many more children indirectly.

• A collaboration with the National Government to work with 300 ECED centers serving an estimated 45,000 children in low-income communities in the northern coast of Colombia. The goal was to improve these centers' quality and processes. The program was evaluated by Universidad de los Andes (19).

• A partnership with Corpoayapel, an NGO in the province of Cordoba, Colombia, serving 6,000 children. aeioTU shared knowledge and provided support. The LEGO Foundation funded an evaluation of this endeavor, which showed positive results (20).

By December 2016, aeioTU had gained worldwide recognition as an innovative solution for ECED. Nathalia Mesa, CEO of aeioTU since its initiation, was selected as an ASHOKA Fellow. AeioTU participated in the Ashoka Globalizer program, under the ReImagine Learning Initiative of the LEGO Foundation (21). This allowed aeioTU to embark on 6 months of strategic planning, and decided to shift to a flexible strategy that included three solutions for expanding beyond the directly operated centers:

1. AeioTU Aprendiendo (22), an internet platform where documents, videos and PD are provided for free, accompanied by short term additional PD at low cost. This platform has been key with the move to remote instruction during the COVID-19 pandemic.

2. One-year PD modules for centers to support quality improvements.

3. The aeioTU Network membership, which includes information-sharing, networking and fundraising for partners operating across the country.

This new business model preserves the intent of the original plan, but also recognizes the role of the aeioTU centers in the ECED system at-large. The social franchise model evolved from a closed, tightly controlled strategy to a more fluid knowledge-sharing strategy were other ECED centers are recognized peers in a network, and are supported in efforts toward increasing quality for a larger number of children. Ruth Gomez, who oversees an estimated USD1M investment of aeioTU supporting a low-income neighborhood of about 10,000 children in Cartagena discusses this strategy:

“For the Fundacion Grupo Social it is welcoming to work with FC-aeioTU to achieve the transformation of the early education ecosystem… its pedagogical experience validated and recognized in Colombia gives us tranquility that it will contribute to the transformations necessary to achieve an improvement in the quality of life in our territory...we have seen how the community mothers, teachers and leaders have started changing their pedagogical practices and strengthening the services to children. The new materials and improvement in spaces has developed the autonomous learning of children, improving the education and strengthening the role of the family and their interaction with their community” (23).

These three new strategies were received positively by the ECED cluster in Colombia, as shown by the subsequent growth across all three. The aeioTU PD events gathered thousands of teachers. The 1-year PD modules showed very positive evaluation results (19) and continue to be provided to other centers serving low-income children across the country, and around the world. These are funded by the national government, local governments and philanthropies.

aeioTU's network reached 9,000 children in the first year—a challenge made possible with aeioTU's support in partnerships, financial planning, human resources and pedagogy. This also created economies of scale for buying materials and supplies.

Government and grant making organizations supported further expansion of the training programs, while other ECED centers embraced aeioTU practices, including PD for their teachers. ECED center directors and teachers improved their operations, thousands of teachers participated in the online learning platform, newly trained teachers tried new pedagogical strategies and methods to benefit children. Results provided by the independent evaluation included (19):

• Classroom transformation,

• Family involvement,

• Increased work of children in creative ways,

• Evolution from free play to imaginary play,

• Increased reading and books available for children,

• Introduction of exploration activities and/or projects for the local community and environment

Under the work with the Globalizer Program, aeioTU was able to identify the ECED ecosystem and its challenges. This awareness shifted its focus outwards, to the ECED system at large. It allowed aeioTU to understand there are as many ECED ecosystem in Colombia, as there are cities and neighborhoods. Being in 13 different communities aeioTU had to assess and define a strategy for each local context. In some communities, aeioTU then opted to collaborate with others in transforming ECED services. As of December 2019, aeioTU has reached 228,667 children in 1,851 ECED centers working with 17,238 teachers, including in other parts of Latin America (24) and even Africa (25).

According to Constanza Alarcón, current Viceminister of Education of Colombia, “FC-aeioTU ventured into the field of ECED within a historic chapter in which Colombia was structuring its early education policies and programs in a comprehensive care approach at a national level. Their valuable experience in the development of an initial educational curriculum, based on evidence, contributed to the country's challenge of increasing coverage of programs with quality, and since then has enriched the State's work in this field, setting up innovative experiences. Its articulation with the private sector and with the national and local government over the years has made it possible to show that comprehensive care for vulnerable children is a responsible, sustainable investment with a high impact on children, their families and communities” (26).



DISCUSSION AND CONCLUSION

AeioTU has proven that it is possible to operate high-quality ECED centers in low-income communities in a variety of contexts. At its inception, the aeioTU model was expensive, so intentional efforts to lower cost were critical for scalability and sustainability. Now, aeioTU is on its way to becoming financially sustainable while having proven it is a high-quality and high-impact model across diverse communities. A key lesson is that a cross-subsidy model works well in contexts of high-income inequality if there is a small fraction of families able and willing to pay for high-quality services. In addition, central and local governments are willing to work on needed infrastructure beyond their individual political administrations, which is imperative for large-scale efforts. Moreover, the work of aeioTU in communities of violence and trauma further proves that ECED programs can be a feasible solution to working with children in such complex contexts. Finally, while the initial phases of the aeioTU experience predated the Nurturing Care Framework (NCF) more recently established by the World Health Organization (11), the model does in fact encompass various aspects proposed by the model included in NCF, and extends these beyond age 3. The ability of the program to comprehend health monitoring, provide nutrition, develop resources and supports for responsive caregiving, and provide early learning opportunities, as well as strengthen these in other providers, makes aeioTU a particularly interest case study in relation to the NCF.

Other core lessons and results after a decade of work include:

• Adaptability of the aeioTU educational experience. It is feasible to adapt a globally known curriculum for use in low-income communities with scarce resources.

• Impact over internal growth. The aeioTU team learned that growing an organization is not the same as growing its impact. An emphasis on the former is central for sector growth over the growth of a specific model.

• Impact for both children and teachers. Evaluations demonstrated an impact on children (15) and an impact on teachers (9).

• Impact on the ecosystem. The ECED ecosystem evolved from a fragmented, low-quality effort to a more integrated and higher quality, nation-wide system. This required that aeioTU evolve from thinking primarily about the families it served to opening itself to supporting other ECED initiatives.

• Partnership building. aeioTU learned the importance of connecting local, national and global actors promoting a high-quality ECED agenda to reinforce and increase impact.

• Continuous learning. aeioTU realized that a true learning organization evolves, adapts and engages with others, receiving feedback from stakeholders, data and evaluations for improvements prioritizing the collective goals and not just the organization.

Once an innovative solution is proven to work, how to scale becomes critical for impact. Finding the answer to this means continuous thought on the core components of a program and, finding alternative mechanisms to spark innovation beyond the boundaries of a program. For aeioTU, this required leadership willing to innovate and understanding the initial experiences of the program as usually the most imperfect. Only through data, commitment and innovation can it have large-scale impact. This has been at the core of aeioTU. Key components for success were understanding of the specific ecosystem, communicating a vision to key stakeholders and shifting from thinking about aeioTU to thinking systemically. Unfortunately, the social and educational sectors in many countries operate within contexts of scarce resources and individual sustainability. The incentives needed for sharing, co-constructing, and cross-sector supports are often low. System change requires stakeholders to build collaboratively and integrate resources.

Looking back at when aeioTU started, several skeptics thought a large-scale operation of Reggio Emilia inspired programs in low-income communities was impossible. A social enterprise business model proved to be an effective way to spark this innovation. However, the social enterprise model also proved too narrow. The adaptation that allowed for local ECED programs to improve in different ways—as well as the work of engaging in a large-scale learning experiment by sharing knowledge—proved more successful. The aeioTU experience proves it is possible to bring high-quality ECED services to any child anywhere. Public and private sectors can work together in transforming ECED ecosystems. A comprehensive vision and encompassing engagement of partners is key of the aeioTU model's ability to engage in large-scale systemic change. The need for encompassing partnerships is referenced in the NCF and its appeal for engagement across all relevant stakeholders. The aeioTU experience has therefore proven the NCF vision is feasible in low and middle-income countries.
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In September 2020, Bulgaria's National Assembly (Parliament) passed legal amendments aimed at increasing kindergarten participation for children aged 4–6 in Bulgaria, with poor children standing to benefit the most. For the first time, state budget funds were set aside to relieve parents of the costs of monthly attendance fees currently collected by full-day kindergartens. It builds on evidence generated from a large-scale randomized control trial (RCT) (2014–2018) across 236 poor communities, implemented by the Trust for Social Achievement (TSA) together with the World Bank and the Abdul Latif Jameel Poverty Action Lab. This paper describes how the RCT was used by TSA to advocate for removal of fees, and how much more evidence besides the RCT needed to be generated and support needed to be mobilized to influence policy action.
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INTRODUCTION

In September 2020, Bulgaria's National Assembly (Parliament) passed legal amendments aimed at increasing kindergarten participation for children aged 4–6 in Bulgaria through the removal or reduction of monthly attendance fees currently collected by kindergartens. Poor Bulgarian children, many though not all of whom are Roma ethnic minorities, stand to gain the most from this policy change.

With a young demographic in an otherwise aging general population, Bulgarians of Roma ethnic origin represent an estimated quarter of the country's new labor market entrants (1). Yet, low educational attainment levels among Roma contribute toward their exclusion from the formal labor market (2) and relegate many of them to a vicious cycle of intergenerational poverty. Fewer than 15% of Roma aged 18–24 graduate from high school, compared to a national average of 87% (3). Fewer than 1% of Roma are university graduates (4), and more than half work in low-skilled, low-paid jobs (5)1.

In 2012, the Trust for Social Achievement (TSA) was initiated, a grantmaking non-profit organization aiming to achieve systemic progress in Roma inclusion in several areas. Increasing participation in early education became a focus area from the beginning, drawing on multiple international longitudinal studies finding that quality early learning programs improve later life outcomes for disadvantaged children (6). While four out of five ethnic Bulgarian children attended pre-school in 2011, this was true for only two out of five Roma children (3).

To address the gap in kindergarten access TSA, in partnership with the World Bank and researchers2, designed a project called Springboard for School Readiness (SSR), consisting of several interventions implemented across 236 disadvantaged communities nationwide. TSA formulated the goal of the SSR as “informing public policy on the most effective ways of increasing kindergarten participation by Roma children.”

The SSR included a randomized control trial (RCT) to assess the impacts on kindergarten participation and child development. Before the SSR, conclusive evidence did not exist, and prejudices partially filled the void to claim that parental lack of interest explained the low participation rate of Roma children. The existence of financial barriers to attendance was at best privately acknowledged by decision makers, but not reflected in official policy.

This paper will explore how the SSR project evolved into a nationwide policy by 2020.



METHODOLOGY

This study is based on an analysis of SSR related documents generated by TSA, the principal investigators of the RCT, and related documents produced by stakeholders such as the Ministry of Education and the Parliament. It is also informed by many discussions over an 8-year period with TSA staff, government representatives at national and local levels, and representatives of NGOs that participated in the implementation of the SSR. One of the authors, EV, has been with TSA since 2012, where she was involved in the SSR design and responsible for its implementation, outreach and advocacy efforts. The other author, JdL, has been one of the principal investigators on the RCT, also since the beginning. He was a Senior Economist and cluster lead for the World Bank's work on Roma inclusion until 2013 when the SSR was conceived. He is currently a professor of economics at Utrecht University.



POLICY CONTEXT

Prior to the SSR, legal amendments from 2010 provided for 2 years of compulsory pre-school education to encompass all 5 and 6-year-olds. In Bulgaria, kindergartens enroll children aged 3 and older, offer full-day services and collect attendance fees from parents on behalf of municipalities to cover, for e.g., daily meals and building maintenance. Schools only offer half-day pre-school education, where it is free of charge but without meals. Outside of big cities, not all settlements have both a kindergarten and school on their territory. At the time the SSR was launched in September 2014, participating in some form of pre-school program was thus de jure compulsory and free of charge for the 5 and 6-year-old children, but not necessarily de facto.

The Preschool and School Education Act (2015) (Education Act) governs the ability of municipalities to collect fees from parents. Municipalities receive funding from the state to cover teaching costs (salaries, books, education supplies), while maintenance, repairs and transportation are municipal responsibilities. Broadly speaking, the Ministry of Education and Sciences (Ministry of Education) proposes the type and amount of per-student and per-institution costs it will cover for municipalities; a suggestion that the Council of Ministers approves, and Parliament votes on through the annual state budget.



SSR PROJECT


Preparation for the SSR Project 2012–2014

In 2012, the World Bank connected with the newly established Trust for Social Achievement to discuss collaboration on a RCT to assess barriers faced by poor and disadvantaged families, Roma minority children in particular, to participate in kindergarten.

At the time, the World Bank's Social Inclusion Project (SIP) 2009–2016 (7) provided EUR 40 million in loan financing to the Government of Bulgaria with the goal of promoting kindergarten participation among disadvantaged children (including children with disabilities and special needs). A significant portion of expenditures were directed toward infrastructure investments such as building new kindergartens or rehabilitating existing ones, and purchase of specialized equipment (e.g., transportation).

Additionally, the World Bank had been pursuing an active analytical program in support of Roma inclusion, including a widely referenced 2010 study on the economic benefits (1), a collaboration in 2011 with the European Commission and UNDP to conduct a large scale survey among ethnic Roma households across Eastern Europe (3), and a study focusing specifically on pre-school access among Roma across Eastern Europe (8).

These studies provided the economic rationale, documented the very large gap in pre-school participation between Roma and non-Roma, and pointed to self-reported barriers faced by parents. These studies also called for the use of impact evaluations to unpack, in scientifically robust ways using RCTs, the importance of specific barriers.

Together, TSA, the World Bank, and the principal investigators for the RCT, designed the SSR project to test three reasons why poor and disadvantaged parents in Bulgaria, Roma in particular, may not send their children to kindergartens to the same extent as other Bulgarian parents:

1. Parents may lack awareness about kindergartens, how to enroll, and the benefits for child development;

2. Parents may not be able to afford the fees that kindergartens collect;

3. Parents may be reluctant to enroll their children for other reasons.

To assess which one(s) of these is the most important barrier, TSA designed corresponding interventions:

1. A community campaign informing parents about the benefits of kindergartens;

2. Removal of the kindergarten attendance fees charged to parents;

3. Providing financial incentives to parents, conditional on children attending kindergarten regularly, in the form of food vouchers.

In 2012, with support from the World Bank's Bulgaria country office, the team requested, and received, a letter from the Bulgarian Minister of Education in support of the project and the accompanying RCT. TSA secured financing for the intervention from the America for Bulgaria Foundation and the principal investigators successfully applied for data collection funding to the World Bank's Strategic Impact Evaluation Fund (SIEF).

A pilot project was launched in four communities in 2013. In parallel, 236 communities throughout Bulgaria were identified, which were poor and had large shares of minority populations, and at the same time had a full-day kindergarten nearby with sufficient open places to accept new enrollments.



SSR Project Implementation and Evaluation Year 1: 2014–2015

The SSR project began in earnest in Spring 2014. First, in April 2014, a community listing survey collected basic information on the 236 communities and their kindergartens. This was followed by a baseline survey in the same communities in April-May 2014. In each community, 25 children aged 3–6 were randomly selected, with 5,772 beneficiary children selected altogether by The Open Society Institute—Sofia (OSIS), which was contracted by the World Bank to collect the data under the guidance of the principal investigators.

Among the selected children, 75% were either Roma or Turkish, 62% did not speak Bulgarian at home, and most came from impoverished families. The average household monthly income, including government transfers, was 41% of the national average. Education levels among parents were very low: only 57% had completed primary school (9).

For the implementation of the SSR interventions, TSA selected through a competitive process 23 regional NGOs with a history of working with the local Roma communities and focusing on early education challenges. Each NGO was responsible for a distinct geographic region that included communities from all intervention groups. TSA issued grants to the NGOs and focused its own efforts on training them and the kindergarten representatives, reporting and stakeholder communications, and managing resource needs for the project as a whole (such as procuring food vouchers on a monthly basis). The SSR project was formally launched in June 2014, when TSA held a public lottery in Sofia in front of project stakeholders. The lottery randomly assigned the 236 communities to the different intervention groups, including a control group.

Over the course of the first year, OSIS carried out random spot checks to measure attendance and collect enrollment data from the kindergartens. In April–May 2015, it conducted a follow-up survey of parents to collect information on kindergarten participation, parental engagement with children at home (e.g., play), parental aspirations for their children, parental employment, etc. With support of Save the Children, OSIS also conducted a direct assessment of children to measure child development (motor skills, language and early literacy, math and problem solving, and socio-emotional growth) using the International Development and Early Learning Assessment (IDELA). This instrument was developed in 2011 by Save the Children and widely applied throughout the world in low- and middle-income countries (10).

The researchers found that the free access intervention is the most cost-efficient strategy to encourage participation of disadvantaged children in kindergarten. Removing fees increased kindergarten registration (enrollment) by 19% (13.4% points), reducing almost by half the proportion of children not enrolled. Free access also increased daily attendance by about 20%. The additional financial stimuli (food vouchers), which are an expensive component to administer (18–51% costlier than just covering kindergarten-related costs), did not yield incremental impacts on tracked outcomes. Information sessions were also effective at raising enrollment but did not affect daily attendance. When analyzing the impacts on child development, the researchers found that an increase in kindergarten participation was associated with some skill improvements for ethnic Bulgarian children, but slightly lower emergent numeracy and socio-emotional skills for minority children (9).

For the first time in Bulgaria, the SSR project had produced definitive proof about the lack of affordability of kindergarten services. However, the child development outcomes proved challenging to interpret. How can one argue to enroll disadvantaged children in kindergarten when it does not appear to boost assessed outcomes, at least not in the short run? Why isn't kindergarten helping all children develop equally? After all, Bulgaria's public kindergarten system has existed for over 130 years; it has broad geographic coverage and a body of professionally trained teachers: on average, SSR teachers had 20 years of experience, 43% had a masters' degree, and 31%—a bachelors' degree (11). These results came as a surprise and required careful follow-up analysis, preventing a quick release of the impact evaluation results and corresponding launch of TSA's advocacy strategy.

Some stakeholders wondered if the IDELA test focuses on academic knowledge such as reading and writing, which does not correspond well to the skills and knowledge nurtured through the curriculum in Bulgarian kindergartens, based around activities such as play, drawing and storytelling. However, the research team considered this unlikely as IDELA is a comprehensive test that also measures sub-skills such as listening comprehension and expressive vocabulary alongside print awareness and emergent writing (10).

A plausible explanation was that perhaps the quality of interactions between teachers and children, and teachers and parents was affected by a shortage of motivation, knowledge and skills to work with children living in poverty, as well as conscious and unconscious biases toward the Roma. Feedback collected from project teachers during two focus group discussions held in September 2016 and observations made by the TSA and NGO teams during the more than 1,600 SSR monitoring visits to kindergartens suggested that some teachers struggled to cope with the increasing proportion of disadvantaged minority children, while others exhibited unconscious biases as represented through statements such as “that's about as much as I can expect from my group of kids.” Other studies of kindergarten teacher sentiments have also pointed to the existence of racial biases and prejudices (12).

Moreover, perhaps one academic year of kindergarten exposure was simply too short a period to expect significant progress with children who mostly do not speak Bulgarian at home. Studies suggest that two or more years of kindergarten participation make a meaningful difference in fourth and seventh grade academic test scores of children whose mother tongue is not Bulgarian (13, 14).



SSR Project Implementation and Evaluation Continuation: 2015–2018

Motivated in part by these initial results, the project and evaluation were extended with continued financial support from the America for Bulgaria Foundation. The combined timeline of the 2014–2018 initiative, including the main interventions and data collection instruments applied, is illustrated in Figure 1 below.
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FIGURE 1. Combined timeline of Springboard to School Readiness 2014–2018, including the main interventions and data collection instruments applied. Adapted from: Huillery and de Laat (11). Supporting Disadvantaged Children to Enter Kindergarten: Second (Medium-Term) Follow-Up Study. Washington, DC: World Bank.


A number of changes were implemented in the project. First, in the three academic years that followed, free access to kindergarten was continued in communities which were offered free access in 2014–2015. The financial incentives, however, were stopped. The information campaign also stopped at the end of the first year, as parents had already received the information. Further, TSA decided not to continue its collaboration with 5 of the original 23 NGOs responsible for implementing the project at the community level. Free access in the corresponding communities was discontinued resulting in 70% of all the original financial intervention communities continuing to receive free access during the 3 years that followed. This did not affect the validity of the RCT because the experimental design was stratified from the beginning by NGO.

In Spring 2017, a follow-on child development assessment was administered. At that time, the third and largest cohort of project children was about to graduate from kindergarten and transition to primary school. The hypothesis formed earlier—that it takes a few years of regular attendance to improve development outcomes for the most disadvantaged children—could now be confirmed. The test consisted of 40 questions and measured emergent literacy and numeracy of the child. The instrument was the Bulgarian “Standardized School Readiness Diagnostic Test,” published by the “National Test Center” association. Using a Bulgarian test would avoid criticism (such as the one encountered regarding the IDELA tool) that the instrument does not correspond to the Bulgarian pre-school curriculum.

The Ministry of Education also became more involved over this period. During 2014–2015, the Ministry formally supported the efforts and was the primary beneficiary of the research. With the follow-on study it provided administrative data on enrollment, attendance and teacher characteristics, and supported TSA to locate, train and instruct the 44 enumerators who administered the test.

The follow-on report, published by the World Bank in 2019, found that the negative 1-year impacts on child development had been reversed. By 2017, these same children scored significantly better than in the control communities. This demonstrated the importance of multiple years of kindergarten, especially for the most at-risk children. Still, some crowding out was observed among minority children who had already been enrolled at baseline and demonstrated lower school readiness results than the control after 3 years. Majority children involved in the study were unaffected by the provision of additional years of free access (11).




ADVOCACY


Preparing Advocacy for Policy Adoption

During the first phase of the SSR, success meant producing high quality evidence. In 2017, TSA shifted its goals from simply informing policy to actually attracting support, from awareness-raising to convincing and bringing about incremental change. TSA's efforts evolved to be guided by the number and types of people reached with the findings (as an output), how many of them were convinced, and how many acted on the information (as outcomes). In its advocacy, TSA made use of the “Advocacy Toolkit” developed by UNICEF (2010), which provides resources for an advocacy strategy, including eight foundational areas to strengthen internal advocacy capacity. The tool was used as a broad guide and sense-check of direction (15).

TSA established baseline levels for outcome indicators and informed its advocacy strategy by (1) counting the number of municipalities offering free or low-cost kindergarten, (2) commissioning a nationally representative survey on attitudes toward removal of kindergarten fees, and (3) assessing the capacity for advocacy of the SSR NGOs.

TSA obtained from the Ministry of Education data on fees charged by each municipality in Bulgaria and updated it annually. In early 2017, 18 out of 265 Bulgarian municipalities offered free or low-cost kindergarten. TSA initially set a goal for incremental change in 7 more municipalities over the course of the next 3 years.

The nationally representative survey established a baseline of support and guided TSA's strategy on which parents to advocate to and how. The survey revealed a significant disparity in opinions between the capital, on the one hand, and villages and small towns on the other. Many parents in the capital Sofia, faced with a chronic shortage of places in municipal kindergartens and forced to seek much more expensive private options, expressed concerns about exacerbating shortages and showed a strong preference to keep fees in place. Parents in villages and small towns overwhelmingly wanted kindergarten fees to be removed and saw the increased enrollment as a benefit. This result guided TSA's decision to advocate for flexible national policy solutions. Further, it informed a decision to focus local advocacy efforts on smaller municipalities (where the expressed need and level of public support was greater), while applying an awareness-raising strategy in the capital. Mirroring opinions of parents, Sofia city officials were not receptive to the idea of removing attendance fees. Achieving policy change in the capital was deemed too high a bar at that time, perhaps only possible through a national policy. Still, the potential for Sofia's priorities—especially parental opposition—to drive national initiatives could not be overlooked. Thus, to build a certain level of compassion and willingness to compromise, TSA considered it necessary to at least inform Sofia parents, municipal experts and NGOS about what needs outside of the capital look like.

Over the years, the NGOs involved in the SSR formed into a focused network. Starting in 2014, TSA organized regular experience exchanges at which representatives could discuss their work in the project. These conversations gradually evolved from discussing implementation issues to advocacy issues. A survey on institutional capacity for advocacy among these SSR network members further helped strengthen efforts by informing the design of training programs such as speaking to the media and writing success stories.



Advocacy at Municipal Level

Initially, municipal officials seemed largely unconvinced of the RCT findings. For example, by demanding a breakdown just for their region, which was not possible given the RCT sample size. To target municipal advocacy, in 2017, TSA alongside OSIS and 16 of the original 23 NGOs, identified municipalities with favorable conditions for a policy revision using a matrix of 28 indicators in five areas: needs of the population, size effects of a possible policy to remove fees, level of perceived institutional support, level of perceived public support and perceived local strength of NGOs. Assessments were based on statistical data, key informant interviews, municipal reports and subjective experiences. The project team selected six municipalities for further research and advocacy. The assessments allowed the project team to raise awareness about SSR results in 30 municipalities.

At each of the six municipalities, the NGO partners identified and approached key local stakeholders; interviewed teachers, principals and parents to assess their attitudes and raise awareness; established a civil society expert task force and a parent volunteer group; and prepared an advocacy action plan together with these two support structures. The results were shared with municipal authorities, with presentations always combining the SSR impact evaluation, the national survey and the local qualitative research.

This proved to be a particularly successful approach as three of the six municipalities removed kindergarten fees or abandoned plans to increase them (Antonovo, Kuklen, Shumen). Another two (Pavlikeni, Peshtera) had just expressed willingness to consider such a policy when the national policy for kindergarten fee removal was announced in late 2019. TSA later replicated the model in one more municipality—Lukovit—where the local analysis revealed a lack of available places in kindergartens.

In addition to these concentrated efforts, during Spring 2019 the SSR NGOs carried out a nationwide campaign to present the SSR results and additional evidence to a further 20 municipalities, 23 kindergartens and 16 communities, reaching a total of 881 people. By 2019, the overall number of municipalities in Bulgaria that took steps to remove kindergarten fees had grown to 40 (15% of all municipalities in the country). TSA used the experiences from the municipal level, including the growing number of municipalities removing fees, to feed into its national level advocacy (and vice versa).



Advocacy at National Level

Together with OSIS and the SSR network, TSA prepared a series of analytical reports on the international, national and local sources of funding for kindergartens, on municipal good practices with respect to removing fees, and on the potential cost of scaling a fee removal policy nationally. These reports helped answer questions such as “how much will fee removal cost under different scenarios?,” “where can the money from?,” and “how can it be implemented at scale in practice?” The cost analyses drew on data collected during the SSR project, among other sources. The project team also performed a stakeholder mapping exercise that identified concerned parties; researched their relative power, interest in and position on the issue; and developed targeted messages for each category. This activity allowed TSA to estimate the extent of initial institutional support for fee removal and guided next steps in differentiating advocacy tactics.

Through the mapping, TSA were able to identify allies and gain support from influencers and messengers ranging from musicians to politicians. It provided a starting point for initiating a series of meetings, roundtables, and conferences. For example, it connected TSA to the Ombudsman of the Republic of Bulgaria, who became a champion for the idea. She launched her own nationwide campaign in 2018 “Without fees in the kindergarten” (16). Efforts by allies such as these provided considerable national and local media coverage, reaching an estimated audience of over 60,000 people. Altogether, during 2017–2019 TSA presented the findings to over 600 stakeholders at 10 key events.




POLICY ADOPTION AND IMPLEMENTATION

Statistical data suggests that the 2010 policy of 2 years of mandatory pre-school raised enrollment rates only temporarily as the rate had been steadily declining since 2014, stabilizing at 78% in 2018 (17), short of the EU-wide “Barcelona target” of 90% enrollment rate in early education by 2020 (18).

By early 2019, TSA and its SSR partners had been bringing up the issue of kindergarten affordability in person and at public events for so long now that the Minister and other education officials began pre-emptively discussing it. TSA had developed solid counter arguments on how such policies could benefit all stakeholders. The topic of removing kindergarten fees began making its way to public discourse even when neither TSA nor their direct partners were present.

In Spring 2019 the Ministry of Education negotiated with the European Commission the design of a new EU funded program that sets aside BGN 8.8 million (EUR 4.4 million) toward covering kindergarten attendance fees for children from disadvantaged communities (19). This national program was a milestone toward an actual national policy. That Fall, TSA and partners were invited by the Minister of Education to share the cumulative evidence and discuss how to address the complexity of local challenges. Several weeks later, the Ministry publicized its intention to propose an amendment to the Education Act compelling the state to set aside annual funds to cover kindergarten fees, citing some of the very arguments and ideas that TSA and partners had been promoting. To complement the fee removal, the Ministry also announced the launch of a parallel initiative worth BGN 70 million (EUR 35 million) aimed at expanding kindergarten places in locations such as Sofia and Lukovit. As a third and final measure to increase enrollment, the mandatory age for pre-school education would be lowered from five to four, giving municipalities up to 3 years to comply.

The final policy adopted by Parliament in September 2020 requires the state to provide funding to municipalities specifically earmarked for kindergarten fee removal for pre-school aged children (20). Empowering local authorities to decide which categories of children should be covered, the amendment mandates that at least half of the funds should be used toward the full removal of fees. The Ministry expects that over the next few years at least half of municipalities currently charging fees will leverage this central government funding to remove fees for all children of mandatory pre-school age. Still, the flexibility of the policy is likely to result in a diversity of local approaches and an extended implementation timeline. It was likely a necessary compromise to accommodate the very different needs of Sofia and the rest of the country. The stated policy aim is to gradually cover at least 90,000 children annually.



DISCUSSION

In 2012, TSA, the World Bank, and its research partners planned a RCT to inform national policy to improve kindergarten access. In 2020, Bulgaria adopted a new national policy to remove kindergarten fees for disadvantaged children.

Petticrew and Roberts (21) argue that a hierarchical approach to quality of evidence is unhelpful because “effective implementation of an intervention ideally requires both [qualitative and quantitative] sorts of information.” Indeed, this case study shows that it took a great amount of evidence (and much more) to help bring about systemic change over the course of 8 years. Out of this cumulative body of proof, only the RCT generated information that can be considered “Level I” or highest quality in the “hierarchies of evidence” (22, 23) widely applied in evidence-based practice across a number of fields.

Certainly, the RCT was very important, especially at the national level. The cumulative findings were relatively straightforward to communicate and provided an opportunity for advocacy. The RCT design lent credibility and boosted confidence among audiences. However, the RCT did not answer all questions relevant to systemic policy change, whether at the national or at the local level. In short, important, but insufficient. TSA and its partners collected additional evidence, both quantitative and qualitative, to assess the fidelity of the intervention; to estimate the cost of a national scale-up; to analyze parental attitudes toward policy change; and to better understand the extent of and approaches toward local policy take-up. Not only was this data used extensively for advocacy activities; it also helped form a baseline to measure the success of those very activities.

Furthermore, it also mattered who was presenting the evidence to audiences. Success required a sustained effort by a broad coalition of collaborators providing consistent messaging. Seven years were required to both broaden the coalition of stakeholders and to deepen their support. Aside from TSA and the World Bank, several key collaborators were involved from the beginning: a focused network of NGOs and the Ministry of Education. But it took time before they became powerful advocacy allies.

While the NGOs were initially selected to implement the SSR interventions in local communities, over time they began to carry out complementary analyses. Regular convenings by TSA provided an opportunity to further connect, learn, and become a coordinated network advocating for policy change. The Ministry of Education's commitment also grew as the years progressed, leading to the point where the Ministry became the owner of the issue, designing a policy, consulting it with interested parties and pushing it through Parliament for approval. The stakeholder mapping identified additional actors, who in turn became vocal supporters, such as the national Ombudsman and several political parties in Parliament.

Finally, while the RCT provided the scale of evidence needed, the average treatment effect measured through the RCT did not capture the variability in treatment in all circumstances from one locality to the other. Indeed, the policy decision making process is influenced by a number of factors beyond proof of policy effectiveness, from municipal budgetary constraints of the smaller municipalities or lack of available places in Sofia kindergartens, to the perceived societal acceptability of providing services for free without a corresponding obligation. Such considerations can significantly shape the ultimate policy adopted.

The shared goal of all stakeholders was to increase participation in kindergarten. The policy recommended by the SSR impact evaluation was to remove kindergarten fees for children living in poverty. The Ministry of Education augmented this proposal by adding funds for infrastructure development to address challenges in ensuring available places and by increasing to three the number of required years of pre-school education. The policy actually passed by Parliament transferred to municipalities the decision authority on whom to remove kindergarten fees for but provided sufficient restrictions and stimuli to guide a majority of municipal authorities toward covering all children. Moreover, the final policy also dedicated a sizeable annual budget toward reimbursing childcare costs of parents who are forced into private kindergartens owing to a deficiency of free places in municipal-run kindergartens. These last-minute changes were a direct result of pressure from informal parental associations in Sofia to provide immediate relief for the critical lack of open places in the capital's kindergartens.

In hindsight, by 2019 this body of evidence and the advocacy around it had created a tipping point in support of the policy change. Something which seemed so far out of reach in 2012, rather suddenly and quietly was passed into law by Parliament in 2020.
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FOOTNOTES

1By 2019, the share of high school graduates among Roma had increased to a third and the percent of university graduates had risen to 3.5% of Roma aged up to 30, according to a recent, yet unpublished, study by Global Metrics Ltd. While this is remarkable progress, it continues to fall significantly short of national averages.

2Profs. Paul Gertler, Elise Huillery, and Joost de Laat.
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Early childhood development (ECD) parenting interventions can improve child developmental outcomes in low-resource settings, but information about their implementation lags far behind evidence of their effectiveness, hindering their generalizability. This study presents results from an implementation evaluation of Msingi Bora (“Good Foundation” in Swahili), a group-based responsive stimulation and nutrition education intervention recently tested in a cluster randomized controlled trial across 60 villages in rural western Kenya. Msingi Bora successfully improved child cognitive, receptive language, and socioemotional outcomes, as well as parenting practices. We conducted a mixed methods implementation evaluation of the Msingi Bora trial between April 2018 and November 2019 following the Consolidated Advice for Reporting ECD implementation research (CARE) guidelines. We collected qualitative and quantitative data on program inputs, outputs, and outcomes, with a view to examining how aspects of the program's implementation, such as program acceptance and delivery fidelity, related to observed program impacts on parents and children. We found that study areas had initially very low levels of familiarity or knowledge of ECD among parents, community delivery agents, and even supervisory staff from our partner non-governmental organization (NGO). We increased training and supervision in response, and provided a structured manual to enable local delivery agents to successfully lead the sessions. There was a high level of parental compliance, with median attendance of 13 out of 16 fortnightly sessions over 8 months. For delivery agents, all measures of delivery performance and fidelity increased with program experience. Older, more knowledable delivery agents were associated with larger impacts on parental stimulation and child outcomes, and delivery agents with higher fidelity scores were also related to improved parenting practices. We conclude that a group-based parenting intervention delivered by local delivery agents can improve multiple child and parent outcomes. An upfront investment in training local trainers and delivery agents, and regular supervision of delivery of a manualized program, appear key to our documented success. Our results represent a promising avenue for scaling similar interventions in low-resource rural settings to serve families in need of ECD programming. This trial is registered at ClinicalTrials.gov, NCT03548558, June 7, 2018. https://clinicaltrials.gov/ct2/show/NCT03548558.
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INTRODUCTION

An estimated 43 percent of children under age 5 in LMICs experience compromised cognitive and socioemotional development due to poverty, poor nutrition, and inadequate psychosocial stimulation (1). Early childhood development (ECD) interventions have been shown to improve child development outcomes in low- and middle-income (LMIC) settings among children under 3 years of age (2, 3). Evidence from the most recent Lancet series (1, 4, 5) highlights the critical importance of nurturing care, a term coined to characterize the necessary inputs for ECD, namely good health, adequate nutrition, security and safety, and responsive caregiving with opportunities for early learning. The Nurturing Care Framework (NCF) (6) was created in 2018 by the World Health Organization, UNICEF and the World Bank to recommend the promotion of responsive care, early learning activities, and nutrition support for children under 3 years of age (7). Health Ministers from around the world have pledged to implement the NCF.

Governments and organizations in LMICs are now asking for operational guidance on how to implement effective and scalable programs to improve ECD outcomes. Though there is now consistent evidence of effectiveness of ECD interventions to improve child outcomes, there is strikingly very little information about how these programs were implemented to demonstrate how such results were achieved. There are many ways to implement ECD programs, and decisions must be made regarding: program content, duration and intensity, delivery mode –whether group-based meetings, clinic or home visits– and the necessary qualifications of delivery agents. Some designs may be more suitable for low-resource settings where cost is an issue (8) and where adult literacy and awareness of ECD may be low (4, 9).

To our knowledge, only two published effectiveness studies from Uganda (10) and Pakistan (11) provide information on the process of implementing an ECD parenting program in an LMIC setting that addresses NCF practices. However, they did not identify contextual factors considered when developing or adapting their programs, such as how the needs of parents influenced the program content, and how the capacity of providers influenced the training offered. They also did not examine the determinants and consequences of implementation outputs. Since then, a more structured guideline has been published for reporting implementation of early childhood development programs called the Consolidated Advice for Reporting of ECD implementation research (CARE), (12) along with options for measuring implementation processes (13).

Using the CARE guidelines, this study describes the implementation of a successful parenting intervention that compared the effectiveness of two group-based potentially scalable delivery models for an integrated ECD intervention for families with young children in rural Kenya (see Supplemental Material). Because individual home visits in dispersed rural settings like ours would be prohibitively labor intensive and expensive for scaling, one delivery model featured only group meetings at the village level, while the other combined a small number of home visits with group meetings, as advocated by some (3). The responsive stimulation and nutrition education intervention was named Msingi Bora (“Good Foundation” in Swahili). In collaboration with a Kenyan non-governmental organization (NGO), the Safe Water and AIDS Project (SWAP), we conducted a community-based multi-arm cluster-randomized trial to evaluate the effectiveness of Msingi Bora, implemented across 60 villages in three rural sub-counties using Kenya's network of community health volunteers (CHVs) (14). In 20 intervention villages, CHVs delivered a total of 16 fortnightly group-based sessions within their villages. In another 20 villages, CHVs delivered the same program, but combined 12 group sessions with 4 home visits. A third group of 20 villages served as a comparison arm. Among the 40 villages assigned to an intervention arm, 20 villages (10 from each arm) invited only mothers and children, while the remaining 20 villages also invited fathers to the 16 sessions. On average, each village had 19 eligible children invited to attend sessions with their mothers. Our results showed that parenting interventions delivered by trained para-professional CHVs in large mother-child groups can be effective in promoting child cognitive, language and socio-emotional development, as well as parental stimulation practices in low-resource settings with potential for scalability (14).

The current manuscript reports results from an implementation evaluation of the Msingi Bora trial, with a view to examining determinants and consequences of implementation outputs, such as acceptance of the program and fidelity of delivery, and their association with parent and child outcomes at endline (15, 16). Outcomes were reported in the impacts paper but are examined here in relation to implementation indicators. Using a logic model framework (Figure 1), we conducted a mixed methods study to assess Inputs (e.g., workforce and parenting context, program resources such as curriculum, and design), Outputs (e.g., post-training competence of workforce, fidelity of delivery, attendance by parents, adoption by parents), and Immediate Outcomes (e.g., parental behaviors, child outcomes).


[image: Figure 1]
FIGURE 1. Logic model. Child and parent outcome indicators are reported in Luoto et al. (14).


Our research questions were:

• What program resources were input ahead of implementation? Was the program content and delivery acceptable to parents and delivery agents?

• How did Outputs such as delivery fidelity and parental attendance and enactment (i.e., adoption of promoted practices) change during the intervention, and what determined these Outputs?

• What features of Inputs and Outputs were, in turn, associated with child and parent Outcomes, and how did this differ by delivery mode?



MATERIALS AND METHODS


Setting and Participants

We conducted a mixed methods implementation evaluation of the Msingi Bora trial between April 2018 and November 2019 in three sub-counties outside Kisumu. These predominantly rural areas are characterized by high rates of poverty, child mortality, stunting (23%), and spousal violence (60%); (17) 56% of children under 2 years of age had at most one plaything, (18) and few parents understand the need for stimulation from birth (19). Spoken languages include Swahili, Luhya, and Luo. The majority of villagers are subsistence farmers or unskilled informal workers. There is no ECD policy pertaining to ages under 3 years in this region.


Study Parents

The eligibility criteria for parent participants within villages were mothers or other female primary caregivers aged 15 and over with a child between 6 and 24 months without signs of severe mental or physical impairment. Baseline demographic data from 1,152 households across 60 villages are available in Luoto et al. (14).



Delivery Agents

Program delivery agents were existing village Community Health Volunteers (CHVs), which is a part-time and voluntary position under the Ministry of Health (MOH) tasked with improving community health through home visits (20).



Supervisors

We worked with three Kisumu-based staff and seven sub-county supervisors (4 males, 6 females) from the local NGO to oversee the daily operations of Msingi Bora and to provide training and supervision to delivery agents.



Ethical Approvals

All mothers provided written informed consent at the time of data collection. Selected CHVs and SWAP supervisors provided consent to be interviewed at the end of the intervention. Ethics approval was obtained from Maseno University in Kisumu, Kenya, and RAND. The trial is registered at ClinicalTrials.gov, NCT03548558, and the study protocol has been published (21).




Implementation Strategy

The implementation evaluation was guided by the CARE guidelines and organized by the logic model in Figure 1.



Content and Delivery Strategy

Msingi Bora's parenting intervention was based on a structured curriculum adapted from previous successful parenting trials in LMICs, and expanded to include more activities around responsive play and talk with children (22, 23). Documented evidence on low awareness about ECD among parents and CHVs (18, 19) informed the need for a structured and manualized set of activities for each session, along with time for guided discussions among parents.

Six sessions were piloted in May-June 2018 in six villages not included in the main trial. The pilot confirmed the need for a structured manual of activities and that CHVs were not familiar with hosting group sessions on ECD. It also helped us recognize the need to reduce lengthy speeches by the CHV in favor of practical activities, and to provide a streamlined manual that could be easily navigated by CHVs. The main trial tested group-only delivery against a mixed model combining group sessions with home visits, but in both arms group sessions were the main format for delivery of messages (8).

The finalized curriculum included a total of 16 fortnightly sessions with session-specific activities and materials, and Luo or Swahili and English manuals for each CHV. The structured curriculum was based on five “key” practices: responsive play, responsive communication, hygiene, nutrition, and love and respect (22). The Responsive Play and Communication curriculum was informed by research on responsive stimulation (24). The Love and Respect curriculum used a range of culturally-adapted interpersonal, cognitive and behavioral treatment elements as the basis for promoting maternal well-being and healthy family dynamics (22, 25). Every fourth session served as a review session, which aimed at consolidating knowledge and new practices learned in the preceding sessions. For these sessions, households in the group-only arm continued with group meetings while households in the mixed-delivery arm received individual home visits from their CHV during the same week that group review sessions were held. During these home visits, CHVs delivered identical review messages to those in the group reviews, but the focus was personalized on that family.

Mothers and children were invited to attend every session. All sessions emphasized parents learning new practices with their child or spouse through demonstration and coached practice, group-based problem solving and peer support, along with homework to play and talk with their child.

A poster with each of the five practices illustrated was used in every session. To help families recall the practices, they received a small version of the poster to take home after the first session. An illustrated Kenyan story book in Luo or Swahili was given to each child in Session 14, to be used during following sessions and at home to encourage responsive communication. For the seven responsive play and communication sessions, parents were taught how to play games using materials available in homes and adapt the games to make them more challenging as the child aged. Parents were not given toys or playthings, because they would be costly and not appropriate as the child aged. Instead, they were encouraged to have a playbag with play objects that can be found at home such as bottle caps, ball, sticks, colored cloths, and pictures. Parents were reminded to add things monthly. CHVs also collected materials for a play bag and brought this to sessions.

Mothers received a small incentive for timely attendance, namely a small bar of soap, based on piloting. In later sessions, as all children were above 12 months, small pouches of milk were distributed instead of soap (each valued at USD $0.15). Sessions took place in local community centers or churches. Households in villages assigned to the comparison group did not receive any interventions besides information about child feeding during the baseline survey.



Delivery Personnel

CHVs are members of their own communities and the position is generally part-time. Minimum qualifications include being literate, permanent residents of the village, and accepted in their roles by the community members. Upon selection, CHVs undergo roughly 10 days of training held by county MOHs on topics related to basic health promotion; (20) ECD topics are not addressed. For our study, CHVs in villages randomly assigned to an intervention arm were invited to deliver the program; none refused. The research project paid CHVs a monthly stipend of USD $20 for their duties according to local policy.

CHVs were trained on Msingi Bora in two parts. Training of sessions 1–8 took place at the start of the program over 8 days; training of sessions 9–16 took place at midline over 8 days. The first training was conducted in English by international researchers (JL, IL, FA, and DS) with all CHVs together, though they had an English and local language version of the manual. The second training was conducted in the local languages by SWAP staff following a train-the-trainers model in which international staff first trained SWAP staff, who then trained the CHVs. Beginning with session 4, monthly 1-day refresher trainings were also performed in each sub-county to help CHVs prepare ahead of each session.

Training focused on three critical skills: (a) knowing what children need to develop; (b) demonstrating and coaching caregivers as they engaged in the new practices; and (c) facilitating group discussions about problems and solutions. Trainings followed the sequence of activities in the manual. They emphasized practicing how to demonstrate the activities, coach parents and facilitate group discussions, first among themselves and then with groups of mothers and children from villages not participating in the study.

CHVs underwent tests on knowledge and competency to deliver sessions at the end of each training, the former with a paper-and-pencil test and the latter with mock sessions scored using a fidelity rating sheet (described below). Those who were weaker at the end of training were required to attend the session of a peer and undergo extra practice before delivering their own group session.

To obtain information from CHVs concerning their perspectives of the program content and delivery format, as well as on their training, supervision, and curriculum acceptance, semi-structured interviews were conducted with eleven randomly selected CHVs at the end of the program. Two local researchers individually interviewed selected CHVs, male and female, from different sites in a private, neutral community setting.



Supervisory Personnel

SWAP (www.swapkenya.org) is a local NGO that has operated since 2005 in western Kenya and served as the local implementing partner overseeing the training and supervision of the CHVs. Since topics of stimulation and responsive parenting were new to SWAP staff, the pilot training was delivered by international researchers in English, and attended by six SWAP staff and six CHVs from the selected pilot villages who were trained to deliver the pilot program. For the full trial, four of the six pilot CHVs were promoted to “mentor” supervisory roles to help with local monitoring of the sessions. As mentioned above, SWAP staff and mentor CHVs participated in the two training courses for the main trial, and led the second one under a train-the-trainers model.

Local SWAP staff and mentor CHVs supervised CHVs in the field. This entailed observing and monitoring each group session and a portion of home visits from each review session in assigned villages using a checklist (see section Fidelity). After the session, they asked CHVs to complete their own self-evaluation form and then provided feedback on their performance.

The same local qualitative researchers conducted two focus groups at the end of the program with SWAP staff – one with the three lead supervisory staff, and a second with three sub-county staff. They were asked the same questions and probed about four key components of the program: (a) acceptance of the program content and delivery; (b) helpful and unhelpful aspects of training and supervising CHVs; (c) how easy and difficult it was for CHVs to demonstrate practices and to facilitate discussion; and (d) benefits and problems associated with group sessions and home visits.



Fidelity

SWAP supervisors utilized a checklist of fidelity items during sessions and provided CHV delivery agents with feedback immediately after each session. In addition, CHVs completed self-evaluation forms following each session and attendance sheets of parent participants. The supervisor and self-evaluation forms were similar in content, and included 5-point scales, from “poor” (1) to “excellent” (5), to rate 13 dimensions of the CHV's fidelity to session content, demonstration of activities, facilitation of group discussions, coaching, use of visual aids and play materials, and other delivery qualities. At the end of the forms, respondents were asked to rate the overall session quality on a 1–10 scale, as well as how much “fun” participants had on a 1–10 scale to capture the level of engagement by participants.



Caregiver Attendance, Acceptance, and Enactment of Practices

Qualitative interviews of eight pairs of participant mothers from the three sub-counties were conducted at the end of the program, in a private neutral setting. Mothers were interviewed in pairs in order to collect more information and to make them feel more comfortable by being in the presence of a familiar person. They were selected by SWAP staff to meet criteria of representing each of the different delivery formats (group-only meetings, mixed group-home meetings, with and without fathers invited in their villages), and we requested that they include mothers with both high and low attendance in the program. The same two independent qualitative researchers used a semi-structured guide of questions. The questions focused on participants' attendance and acceptance of the program, enactment or adoption of the practices promoted during sessions and how easy and difficult practices were to enact; they also evaluated the group sessions and home visits.



Data Collection and Analysis Plan

Table 1 summarizes our qualitative and quantitative data sources and how they were analyzed to answer the three research questions.


Table 1. Research questions and data sources crosswalk and analysis plan.

[image: Table 1]

All qualitative implementation data were collected by a team of two local independent researchers, one male and one female, trained by FA and JL. All interviews obtained informed consent prior to beginning, were conducted in the local language of choice, and were audiorecorded, translated to English and transcribed. Interviewers probed for elaborations. Transcriptions and translations were verified between the two independent researchers.

Content analysis was performed to analyse all qualitative data using a pre-arranged list of codes on desired information. For the CHV interviews, two co-authors (FA and RZ) independently coded four interviews after agreeing on a coding scheme and found high inter-rater reliabilities (kappa 0.774, 95% CI 0.68–0.87, z = 13.71, p < 0.0001). For the parent interviews, the same two researchers independently coded four after agreeing on a coding scheme (kappa 0.766, 95% CI 0.68–0.85, z = 15.76, p < 0.0001). Because there were only two supervisor FGD, two researchers (FA and DS) together coded their responses.

Quantitative data were collected using SurveyCTO on Android tablets. All supervisory staff were supplied tablets and filled out the session monitoring forms directly. Following each session, CHVs completed attendance and self-evaluation forms on paper, and the supervisor photographed the paper forms and transfered them to the tablet. A US-based research assistant cross-checked a random subset of photographed paper forms with SurveyCTO forms periodically to ensure accuracy and inquired if there were any inconsistencies to resolve them.

Final outcomes were collected at baseline and endline by a team of trained local enumerators using SurveyCTO on Android tablets. Child cognitive and language outcomes were measured with the Bayley Scales of Infant Development third edition (Bayley III), (26) and socioemotional development was measured with the Wolke Scale (27). Parent outcomes included stimulation practices measured with the Family Care Indicators (FCI) (28) at baseline, and the more comprehensive Home Observation for Measurement of the Environment (HOME) at endline (29). More details on outcome measures listed in Figure 1 are provided in the impact manuscript (14).

Quantitative analyses used multivariate linear regressions by estimating ordinary least squares (OLS) models for continuous outcomes as a function of program inputs or outputs, as appropriate, and combining different data sources including CHV self-evaluation forms, supervisor monitoring forms, maternal attendance records, and household survey data. More details can be found in Table 1 or in notes to the individual tables in Results. For many analyses we used a composite single index of overall delivery quality that we estimated using Principal Component Analysis (PCA) models on the 13 distinct aspects of delivery rated by supervisors on a 1–5 scale. Similarly, when we relate program inputs and outputs to final project outcomes to address our third research question, we estimated a single index of child development using PCA models on four different child development outcomes measured at endline including cognitive, receptive language, expressive language, and socioemotional outcomes.




RESULTS


Question 1

What program resources were input ahead of implementation? Was the program content and delivery acceptable to parents and delivery agents?

Table 2 contains illustrative quotes from a content analysis of qualitative interviews with supervisors, CHVs, and mothers on program adaptations and delivery. All three groups of participants indicated that initially they knew very little about child development and the need for stimulating play and communication, consistent with our expectations. Similarly, low baseline scores on the FCI showed that children had on average 1.4 out of 6 playthings and parents performed 3.3 out of 6 stimulating activities with them. They also had low dietary diversity scores (3.1 out of 7 food categories consumed in past 24 h). Thus, there was a need for messages about playing and talking with the child, and including fish and eggs in their diet. The interviews also made clear that the program's five practices were acceptable to implementers and parents, and that the use of a structured manual with practical activities for CHVs and parents to follow was appreciated.


Table 2. Illustrative participant responses regarding need for and acceptance of the designed program.
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Question 2

How did Outputs such as delivery fidelity and parental attendance and enactment (i.e., adoption of promoted practices) change during the intervention, and what determined these Outputs?

To answer this research question, we discuss aspects of fidelity, attendance and enactment of practices. Within each topic, we first present quantitative results followed by analyses of their determinants, and under determinants we include relevant quotes from qualitative interviews with parents, CHVs, and Supervisors.


Fidelity

Monitoring by supervisors took place as intended during 88% of the 12 (non-review) group sessions across all arms and villages, and 91% of group review sessions were supervised. Fewer home visit review sessions were supervised by necessity (9%). Monitoring forms (n = 686) showed gradual and statistically significant improvement across all sessions in all delivery measures (Figure 2). Similar upward trends were seen in self-evaluation ratings made by CHVs (n = 2,143; results available upon request). The median session lasted 90 minutes.


[image: Figure 2]
FIGURE 2. Mean CHV Delivery Scores by Session. Figure plots mean scores from supervisor monitoring forms across all CHVs by session for items measured on a 1–5 scale from “poor” to “excellent” for six of 13 delivery measures using solid lines. N = 686 supervisor rating forms across 16 sessions and 40 villages. Some earlier sessions had more than 1 supervisor present. For session “quality” and “fun,” figure plots mean scores on 1–10 scale on right-hand-side axis using dashed lines. All 13 delivery measures show similar upward trends and the full list is in Figure 3. Red vertical lines represent review sessions when sessions were home visits for mixed-delivery arm and group sessions for group-only arm.


Most aspects of session delivery were rated good or excellent in 60% of sessions or more by supervisors (Figure 3). The most difficult skills involved facilitating group discussions, and discussing problems and solutions to enacting the new practices. CHVs performed better at following session content, discussing homework, expressing acceptance, being prepared and using visual aids. CHV self-evaluations were in general agreement, if slightly inflated, relative to supervisor ratings for aspects of delivery quality (Figure 3).


[image: Figure 3]
FIGURE 3. Delivery Ratings: Supervisor and Self-Evaluations. Findings are mean ratings from supervisor or self-assessment monitoring forms across all 16 sessions and 40 intervention villages. N = 686 for supervisor monitoring forms; N = 2,043 for CHV self-assessment forms that include each home visit.



Determinants of Fidelity

The 40 CHVs from the intervention villages who underwent training and delivered the intervention included 10 males and 30 females, were on average 44 years old (range 26–69), had 11 years education (range 7–14), and 9 years experience as a CHV (range 1–24). All CHV characteristics were balanced across intervention arms. CHVs who scored higher on a knowledge test of ECD after the first training delivered better quality and more engaging sessions, and scored higher in all fidelity outcomes on average (Table 3). CHV age, education, and sex were not consistently related to performance.


Table 3. Determinants of delivery fidelity, supervisor, and self evaluations.
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During post-intervention interviews, CHVs and supervisors were asked to comment on training, supervision and monitoring of performance. Their answers reveal important determinants of fidelity. Illustrative quotes are summarized in Supplementary Table 1. CHVs responses showed a need for more practice demonstrating responsive play and communication, and facilitating a group discussion on problems enacting the messages. They were more familiar with the key messages on nutrition and hygiene. CHVs became more proficient and confident in their session delivery after the midline training when SWAP staff trained them in smaller groups and in the language of delivery, and with refresher meetings in the sub-counties twice a month (Supplementary Table 1). Their post-training knowledge scores from the first to the midline training increased from a mean of 57.2% to 60.8% correct, though this was not statistically significant (p = 0.17). Their performance scores in delivering a mock session after training served as a way to identify 30% of CHVs who needed extra training.

All 11 interviewed CHVs mentioned ways the supervisor feedback and opportunity to evaluate themselves after sessions was helpful, and reported having prepared themselves ahead of sessions. CHV descriptions of how they demonstrated responsive talk were thorough: 8 out of 11 CHVs described at least 3 key components such as letting the child show what he/she is interested in, and then the parent repeats or expands verbally. However, descriptions of how they demonstrated responsive play were incomplete and none was able to name three key components of responsive play; they often correctly mentioned it was letting the child choose playthings, but then incorrectly required the child to follow the parent's lead. CHVs said they initially found it difficult to facilitate group discussions, but later developed a style to encourage shy mothers and sum up the best solutions at the end. Interviews with supervisors showed they recognized early on that CHVs would benefit from periodic refresher trainings ahead of sessions (Supplementary Table 1).




Maternal Attendance

Among the 776 intervention households, 97% of mothers attended at least one Msingi Bora session, with no differences by intervention arm (p = 0.142). The median mother attended 13 of 16 sessions (IQR 8–15 sessions) with a median group size of 13 mothers at a group meeting (IQR 10–15 mothers). The mixed-delivery model had higher overall attendance, with an average of 74 percent of mothers attending a given session, compared to 64 percent of mothers in group-only villages. The bulk of this difference comes from the review sessions, which were home visits for the mixed-delivery arm (and thus, mothers did not have to travel to these sessions). These sessions were the only ones in which attendance was statistically different across arms (Figure 4).
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FIGURE 4. Mean maternal attendance by study arm and session. From attendance monitoring data. Dashed faded lines represent 95% confidence intervals; red vertical lines represent review sessions when sessions were home visits for mixed-delivery arm and group sessions for group-only arm. The only sessions with statistically significant differences in attendance at 95% level or higher are the four review sessions (4, 8, 12, and 16).



Determinants of Maternal Attendance

Maternal attendance to the group sessions was higher in households with a father present, and with higher baseline FCI stimulation scores (Table 4). More educated mothers and those with a greater distance to walk had lower attendance. Mothers also attended more sessions in villages where CHVs were rated higher on fidelity measures by supervisors (Table 4).


Table 4. Determinants of maternal attendance to common group sessions.
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During post-intervention interviews, both Mothers and CHVs were asked what encouraged mothers to attend. The frequencies of commonly mentioned reasons and representative quotes are seen in Table 5. Benefits to the child were recognized by both groups of participants, but CHVs frequently mentioned incentives and their reminders to the mothers, whereas mothers frequently said that socializing with others drew them to sessions. An equal number mentioned the content of the program. No mother mentioned reminders or incentives as spurring their attendance.


Table 5. Barriers and enablers for caregiver attendance—Mother and CHV perspectives.
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Parental Enactment

Mothers and CHVs were asked about barriers and enablers to enacting the new program practices (see Supplementary Table 2). Both mothers and CHVs reported it was sometimes difficult for mothers to find new play things and to find 15 min daily to play with their children, but learning games with sticks and learning how to talk about pictures in a book facilitated responsive play and talk practices.

Many of the responses to enactment of specific practices by mothers, especially about play and communication (Supplementary Table 2), triangulated well with answers by CHVs and with relevant HOME Inventory items (Table 6). For example, 8 out of 8 mother pairs said they had a playbag, and 7 out of 8 said they added new playthings. These responses were largely corroborated by CHVs, and by the full sample's responses to related items on the HOME Inventory at endline (Table 6). Similarly, 6 out of 8 interviewed mother pairs said they look at a book with their child daily; on the HOME, 82% of intervention mothers vs. 23% in the control group reported looking at a picture book with their child in the past week.


Table 6. Maternal enactment of new practices.
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Question 3

What features of inputs and outputs were in turn associated with child and parent outcomes, and how did this differ by delivery mode?

After combining endline survey and program implementation data, we found that aspects of both the delivery agents and their performance were often related to parent and child outcomes (Table 7). For example, CHV age and initial-training knowledge of ECD were positively related to better HOME scores as well as to child developmental outcomes, but not to dietary diversity. CHVs with higher performance ratings by supervisors were associated with better HOME scores, but we did not see a similar relation with any child outcomes.


Table 7. Determinants of final outcomes.
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While both intervention arms saw improvements in key outcomes relative to the control arm, the group-only arm generally outperformed the mixed-delivery arm in child impacts, though differences were rarely statistically significant (14). The only practical difference across intervention arms were the four review sessions, which were delivered in groups in the group-only arm and through home visits in the mixed-delivery arm. Interviews with CHVs, supervisors and mothers asked their perspectives on group meetings and home visits (Table 8). CHVs and supervisors had positive things to say about both meeting formats, but appeared to have a preference for home visits, where they were able to maximize attendance, provide greater direct supervision of the mother's practices, and appreciated that “you will know the truth, whether she is doing it or not.” Conversely, mothers clearly preferred the group meetings, where they felt their children were able to socialize more and learn how to play with others, and they felt better supported by other mothers. Mothers viewed home visits somewhat as an inspection and a test of their uptake, using phrases such as “The CHV would come inspect the play bag,” and “They would ask me questions from the poster and I would answer.”


Table 8. Mother, CHV, and supervisor perceptions about home visit vs. group meetings.
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DISCUSSION

This implementation evaluation of our cluster randomized effectiveness trial testing an ECD parenting program in rural Kenya demonstrated acceptability of the program content and format, high maternal attendance to group sessions, improved fidelity over time, and links with final outcomes. These findings demonstrate the importance of implementation quality and delivery performance. We did not present results on the inclusion of fathers, who attended sessions at low rates, and their inclusion had no measurable impacts. Further details on including fathers will be discussed in another paper.

Regarding the first research question, the curriculum, which was focused on mothers' interaction with their children to provide responsive play and communication, addressed the needs of both parents and CHVs who knew little about the role of stimulation in mental development starting at birth (18, 19). This was confirmed by low baseline scores on the FCI, as well as by post-intervention qualitative interviews with parents, CHVs and program supervisors, which revealed that mothers were not accustomed to playing with or providing playthings for their children, and that CHVs were not used to demonstrating games for children. CHVs found acceptable the Manual that laid out a structured set of activities to be conducted each session. CHVs and caregivers liked the practical approach to demonstrating and coaching new play and communication interactions.

Other programs use a different curriculum, focusing on teaching specific skills to the child to be repeated by the mother and child as homework (30, 31), or counseling individual mothers after identifying gaps in their responsive stimulating interactions with children (23). Teaching specific age-appropriate skills would not be suitable for a large group of mothers with children of different ages. Likewise, counseling does not always suit group sessions. Instead, coaching after a CHV demonstration or having some mothers demonstrate while others watch was appropriate for our setting. Other program developers and implementers have also adapted the content and delivery of well-known parenting programs such as Reach Up (32) and Care for Child Development (CCD) (33) to deliver them in groups in rural areas with low-skilled parents and providers, including making the program more structured (32). We therefore attribute acceptance of the content and delivery format of the Msingi Bora program to these aspects of the curriculum and its delivery.

Regarding implementation fidelity, CHVs' experience delivering sessions and frequent supervisory feedback over the 8-month intervention led to significant improvements in CHV delivery performance and enjoyment of mothers and CHVs with the program. A key finding from our implementation evaluation is that CHVs who grasped the content more thoroughly from the first training tended to score better on measures of delivery performance, and were associated with significantly improved parenting practices and child development at endline. Similarly, CHVs who delivered better sessions had greater attendance, and their villages had higher HOME scores at endline, though not better child developmental outcomes. These results are highly encouraging given that our study trained low-skilled delivery agents and used the existing local infrastructure in a disadvantaged setting. It is also encouraging that both male and female CHVs were able to deliver these sessions, and CHV sex was not a consistent determinant of program quality or final outcomes.

As mentioned above, the quality of CHV session delivery increased as the program unfolded. This is potentially a result of a course-correction in our training program with the introduction of monthly refresher trainings beginning with session 4. The initial plan for a baseline and midline training to cover half of the 16 total sessions apiece proved to be insufficient for our delivery agents. Because CHVs were unfamiliar with the practice of responsive play and communication, they initially found it difficult to demonstrate and coach these actions. Extensive practice during training and the introduction of monthly refresher trainings was required to overcome the habit of instructing and directing children. Likewise, CHVs were unfamiliar with facilitating open discussions with groups of parents, probing them for more descriptions of their experiences and encouraging them to solve problems together. What helped was to have them watch each other, especially those more skilled, practice facilitating small group discussions. Interviews with parents, CHVs and supervisors recognized the improvement in quality that developed over time. Other implementers have similarly highlighted the importance of provider competence and the need for more training and supervision than initially expected (11, 19, 34–36).

Parental attendance to the group sessions was an anticipated challenge in our dispersed and disadvantaged rural setting. Indeed, mothers with more education and who lived farther from a meeting place had lower attendance on average, suggesting an opportunity cost of attendance. However, the effect of distance was small: each additional kilometer to travel resulted in −0.7 fewer group sessions attended, and the median distance mothers had to travel was 0.65 kilometers. Although maintaining high attendance is an issue with many group programs (9), perceived benefits became a motivator over time. Until mothers saw the benefits of the program, reminders and incentives were likely required, but their importance was not recognized by mothers by the end of our program.

Mothers' attendance and receptiveness to the program content translated into high reported uptake of the recommended behavioral practices as measured by the HOME Inventory at the endline survey. Interviews with a subsample of mothers indicated that most had a playbag for their child's playthings, and spent time playing with them, though initially they found these practices difficult (e.g., due to competing priorities such as household chores). Less frequently than requested, they added new materials to the bag. After learning how to engage in responsive two-way talk with their child, they found this relatively easy. When given a picture book in a later session, they were able to apply the responsive talking method to it rather than simply reading. Quotes from mothers and CHVs (Supplementary Table 2) confirm the gradual uptake of these important practices, especially as mothers noticed positive benefits for their children.

Perhaps the most surprising result of our study is the relative advantages shown by the group meetings to improve children's final outcomes. The interviews with mothers clearly highlight group camaraderie and opportunities for peer learning among the children as relative benefits of the group format, and caution against a model that utilizes home visits if they engender a feeling of mothers being under inspection.

A key limitation of our study is that, though interviews point to convincing reasons, we cannot say with certainty why children in the group arm outperformed the mixed-delivery arm. Another study limitation is that we have only coarse measures of CHV characteristics and expertise, which constrains our ability to predict who might make the best delivery agents.

Our results show that a responsive stimulation and nutrition education intervention featuring large group sessions delivered by para-professional community health workers can benefit multiple child and parent outcomes. An upfront investment in training local trainers and delivery agents, and regular supervision of delivery of a manualized program, appear key to our documented success. Our results represent a promising avenue for scaling similar interventions in low-resource rural settings to serve families in need of ECD programming.
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Socioemotional learning (SEL) skills are the competencies that children need to be successful and accepted members of society. In this study, we built a SEL framework and a SEL measurement tool from the ground up that assess children's development of skills with communities of the Baka ethnic group in Cameroon. We conducted a participatory and interactive study to develop a SEL framework and measurement tool that is specific to the context of indigenous Baka communities in Cameroon. Using a quick ethnography methodology and an emic approach, a researcher team comprised mainly of Baka community members engaged parents, teachers, and others in iterative cycles of data collection, analysis, and reflection to develop the framework and assessments. The resulting Baka SEL framework includes skills and domains distinct from predominant SEL frameworks, underscoring the importance of drawing SEL priorities from communities themselves. Shared foundational constructs underlying the Baka SEL framework and other frameworks indicate possible universal human expectations for emotional and relational skills. Two SEL measurement tools were produced: a caregiver tool and a teacher tool, each using storytelling to elicit specific, honest, and detailed information about child behavior. These tools allow us to capture child behavior in the school and the home, and to collect data on all participating children within a specific time period. The described approach is a simple, practical, and culturally appropriate strategy for collaborating with rural communities to articulate their understanding of SEL. The resulting framework and tools illustrate the importance of rooting SEL in local culture, while the approach to developing them serves as a model for other early childhood care and education organizations and programs.

Keywords: socioemotional learning, early childhood development, indigenous education, Cameroon, Baka (Pygmies), assessments, community-based education, rapid ethnographic assessment


INTRODUCTION

Numerous studies have demonstrated the importance of increased socioemotional learning (SEL) skills in improved quality of life into adulthood, and that preschool programs can help build these skills (1–5). Despite increasing popularity of SEL programs and measures, research supporting the underlying psychological frameworks is lacking, resulting in controversy and inconsistency in the definition, measurement, and utility of SEL (6). SEL skills are closely linked to societal values, comprising the necessary attributes to succeed in a specific culture and environment (7, 8). Anthropological studies find that these attributes vary from one context to another, and existing SEL frameworks do not apply uniformly across individuals, groups, systems, or—especially—different cultural contexts (1, 9–11). Early childhood care and education programs that develop SEL skills must ensure their work is rooted in a localized understanding of SEL.

Predominant approaches for child development measurement in international contexts, including measurement of SEL, entails the adaptation of existing measures to new settings (12–15). Humphrey et al.'s (8) systematic review of existing SEL measures finds the majority of these tools were developed and standardized with American populations. Research has concluded that certain measures can be translated and adapted to different cultures while retaining acceptable reliability and validity. However, cross-cultural and context-specific norms are seldom provided in these measures or validity studies (8). Retrofitting a tool developed for children in a certain cultural context to a historically marginalized society risks carrying over assumptions about valuable skills from one culture to another. While the literature is clear that defining and measuring SEL with measures that bear psychometric muster for formative purposes is useful, missing from the literature is an empirical evaluation of a SEL measure that is first defined and constructed within an indigenous context.

Organized formal schooling in indigenous communities worldwide has historically served as a colonizing force that extracts children from their culture and imposes another (16). The present study took place in indigenous Baka communities in Cameroon. Baka children experience stigma in school, which contributes to feelings of shame about their culture (17–19). Because few Baka children speak French at home, and daily classroom learning requires children to miss foraging activities, Baka children drop out of school at higher rates than non-Baka peers. A 2018 survey found that 80% of Baka adults identify as illiterate (20). A Baka father stated that the Baka need to “chase two rabbits at once” by pursuing both ancestral forest-based education and formal schooling (21). Chasing two rabbits entails learning multiple sets of affective and interpersonal skills, as well as applying them in different settings (a practice often referred to as code switching), in order to garner respect and achieve their objectives within each setting (22, 23). Schools must actively counter structural discrimination that often leads children to view the dominant society, skill set, or culture as superior to their ancestral one. Research indicates that schools welcoming indigenous children must have teachers, leaders, and curriculum that value children's experiences and identities, and ensure indigenous presence in the school through active engagement of caregivers (22, 24–27).

In order to understand the SEL skills that Baka children need for success, we conducted a participatory study to answer two research questions: (1) How do Baka caregivers conceptualize SEL skills that children need for success? (2) How can a measurement tool faithfully and validly capture progress in developing these skills in early childhood? The objectives of this study are therefore (1) to build a Baka SEL framework and (2) to build a Baka SEL measurement tool that assesses children's development of skills in the Baka SEL framework.

The study describes a participatory and user-friendly procedure for engaging communities meaningfully to achieve these two goals. While SEL frameworks and measures often target problem behaviors, this study seeks to understand and track children's positive development as they learn to “chase two rabbits at once.” As our key objective was to ensure fidelity to community values and SEL priorities, conceptual and face validity are critical factors in the analysis of study results.



MATERIALS AND METHODS


Study Area and Setting

The Baka are an indigenous ethnic group in the East and South Regions of Cameroon. They are historically a semi-nomadic forager society, with primary livelihood activities including hunting, fishing, and gathering. Over the past 50 years, efforts by government, religious, and civil society organizations have sought to transition them to sedentary agriculture and animal husbandry. There has been a simultaneous increase in activities that significantly limit Baka access to forest resources, including logging, poaching, mining, and creation of wildlife conservation zones. This uprooting has coincided with increases in alcoholism, depression, and malnutrition in Baka villages.

The study is implemented in the context of Dεngbε Bide, a community-based preschool initiative. The Dεngbε Bide model targets building children's pride in their home culture through their first experiences in a classroom setting. The mission of Dεngbε Bide is to support Baka children to pursue their traditional forest-based education, while also preparing them for success in formal primary school. Dεngbε Bide partners with Baka communities to create community preschool centers (CPC) by developing interactive audio curricula rooted in the Baka language and environment, and training community-nominated youth to serve as teachers.



Qualitative Approach and Research Paradigm

With a view to preparing children to “chase two rabbits at once,” it was critical to map and capture SEL skills essential for success in Baka society in particular. Rather than starting with an existing tool for adaptation, the research team opted to develop a tool from the ground up through a participatory and interactive process that engaged caregivers as co-investigators.

The study design reflects principles of rapid ethnography. Rapid ethnography was created as a simple and practical methodology for project teams to answer “how” and “what” questions by gathering evidence iteratively in partnership with communities (rather than the researchers positioning themselves as experts) (28). As in the Dεngbε Bide program itself, expertise flows from local individuals immersed in their natural setting (28, 29). Consistent with the research team's commitment to proceed “without assumptions,” rapid ethnography methodologies embrace an emic approach to data collection and analysis whereby observations from community members serve as “the foundation for understanding” (30). We collected data through an iterative series of interviews with open-ended questions, prioritizing both broad participation and deep community engagement in building common understandings of SEL (29–32). We used an iterative process with multiple rounds of data collection and analysis, in order to regularly revisit findings and adjust our protocols. Consistent with rapid appraisal methods, instead of seeking to prove or disprove a research hypothesis, we used data to develop, clarify, and revise hypotheses through successive rounds of collection, analysis, and reflection.

To achieve our first study objective, we entered the study without a preconceived framework, instead building the Baka SEL framework from the ground up with caregivers. For our second study objective, we created questionnaires based on the Baka SEL framework, and engaged community members in multiple rounds of tool testing to develop and refine its items and administration procedures. While the study used an inductive paradigm, its outcome was to develop a deductive tool that could be used to objectively assess SEL development. Similarly, the study involved qualitative data collection and analysis, and used findings to develop a SEL measure that employs qualitative questioning to arrive at a quantitative evaluation of SEL skill mastery.



Research Team

The core research team included five ASTRADHE staff members: three Baka men, one non-Baka man, and one non-Baka woman from predominantly Baka villages. They were supported by a female American specialist in early childhood development. This composition was designed to include diverse backgrounds and disciplines, with a mix of community “insiders” and “outsiders,” consistent with recommended practice in rapid ethnography (33, 34). The core team was supported by an extended community team, comprised of caregivers within the Baka community. Table 1 summarizes each team's composition and responsibilities.


Table 1. Research team composition and responsibilities.
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Data Collection and Analysis Methods

Our methodology is presented in two phases. In phase one, we developed the Baka SEL framework. This framework informed phase two of developing a Baka SEL measurement tool. However, these phases were not perfectly sequential, as learnings from phase two also allowed us to further refine the Baka SEL framework developed in phase one. Our process of data collection, reflection, follow-up, refinement of questions, and development of conclusions is described below. Data are available upon request via email to the correspondence author Strader.


Phase 1: Develop Baka SEL Framework

To develop the Baka SEL framework, we established internal consensus on the meaning of SEL, developed and administered open-ended questionnaires to Baka caregivers, conducted qualitative open-coding of their responses into SEL domains and skills, and integrated apparently salient skills from the global SEL literature. We compiled this information for community input and updated the tool to incorporate their feedback to create the final Baka SEL framework.


Step 1: Establish a Common Internal Definition of SEL

The core research team began with a review of popular SEL frameworks, in order to establish common internal understanding of how SEL is defined, how frameworks are constructed in other contexts, and strategies to ascertain caregiver views on SEL without influencing their responses. In reviewing the literature, we found that there is a lack of a consensus among researchers around a common neutral definition of SEL; explanations of SEL tend to take the form of a list of SEL skills or domains. For example, Yates et al. (35) define SEL as the ability to “form close and secure adult and peer relationships; experience, regulate, and express emotions in socially and culturally appropriate ways; and explore the environment and learn” [in (1)]. This complicated the task of seeking caregivers' conceptions of SEL skills, as we needed to formulate the question without providing a partial answer. The core team sought to address this by focusing on the importance of SEL skills by reflecting on the question: what does mastery of these skills result in, and allow children to achieve? The team identified achieving personal goals and community respect as key outcomes of SEL development, and as neutral starting points for designing interview protocols to engage caregivers in discussion about what SEL means to them.



Step 2: Develop and Implement Caregiver Interview Protocol

We designed a questioning strategy to draw out caregiver views on the skills that children need to succeed in Baka society. To do so without offering preconceived definitions or examples, we employed a “quick ethnography” method based on a study in Afghanistan to create a localized measure of mental health (29, 31). This approach uses storytelling and open coding to build the construct from the ground up. Our objective was to have caregivers describe children who are capable and respected in the community, and children who are not. Our intention was to obtain descriptions of children who exemplify the skills and attributes to be a positive member of Baka society, and children whose behavior contradicts societal expectations around these positive skills and attributes. These data would yield observable and specific attributes at both “ends of the spectrum” of SEL skills Baka caregivers feel are important. The core team developed an initial questionnaire and engaged four members of the extended community team (one older man and woman, and one younger man and woman) to pilot test it. Testing entailed three steps. First, the core team posed a question. Second, extended community team members responded to the questionnaire items, and then rephrased the question in their own words. Finally, core team members revised and re-posed the question until there was a common understanding of the item. After two rounds of revision, the core team arrived at wording that was consistently understood as intended—as summarized in Table 2—and proceeded to administer the questionnaire to the extended community team.


Table 2. Caregiver open questionnaire.
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Step 3: Analyze Caregiver Interviews to Identify SEL Domains and Indicators

Our next task was to cull data resulting from step 2 to identify themes that flow directly from caregivers' testimonies. The objectives of this step were to identify SEL skills as Baka communities perceive them, organize them into domains, and detect indicators of child behaviors at different levels of mastery for each skill. Given our team's remote location and our desire for replicability in similar contexts, our process sought to enable the group to collaboratively analyze a large amount of qualitative data, without the use of any software. Our approach is summarized in Figure 1.


[image: Figure 1]
FIGURE 1. Caregiver interview analysis procedure.


After reading interview transcriptions twice and noting themes they observed, the team discussed and compiled preliminary domains into a single list. We then conducted a pile sort of caregiver responses. We formed one pile for each preliminary SEL domain on a table. We printed transcribed caregiver responses and cut them into strips of paper, with one sentence per strip. Reading each aloud one by one, we placed each strip in the SEL domain pile that appeared to fit best. Throughout the process, we iteratively adjusted the wording of domains, created new domains, and consolidated domains based on the content of the caregiver responses. This exercise resulted in a set of SEL domains (the piles), with series of indicators describing positive and negative behaviors pertaining to that domain (the strips). We then matched strips with positive and negative descriptions of similar behavior (such as a sharing or not sharing food), in order to identify behaviors that demonstrate mastery or non-mastery of SEL skills. Finally, the research team reviewed the sentences in the pile, created a title and one-sentence description for each domain, and compiled a list of behavior indicators from caregiver quotes on the strips that describe positive and negative behaviors that fall within that domain.



Step 4: Compare Baka SEL Framework With Other Global SEL Frameworks

We revisited the literature on internationally validated SEL measures (13, 36–38) to examine commonalities and differences in the SEL skills and behaviors included. This review served two purposes. Firstly, we identified through consensus SEL items and domains that appeared salient or obvious but did not figure strongly in caregiver responses, and integrated these into the framework for caregiver feedback on their relevance. Secondly, we explored skills and domains that are shared across frameworks and those that appear unique to the Baka SEL framework. This analysis sheds light on skills that may be universally salient, and how their manifestations may differ across cultures. It also highlights skills critical for success in Baka society that are absent from global frameworks, underscoring the importance of diverse cultural perspectives in defining SEL. Comparison of the Baka SEL framework with global SEL frameworks is presented in the Discussion section of this paper.



Step 5: Clarify Terms and Constructs

We returned to the extended community team to gain feedback on unclear terms from interviews, and proposed items drawn from the literature. During the caregiver interview analysis, we found that some caregivers described behaviors in specific and observable terms, while others spoke more generally. Some responses included behaviors and terms with multiple possible interpretations or unclear phrasing. They also included outlier data points, such as positive or negative behavior that only one caregiver raised, or which diverged from other caregivers' remarks. The core team went back to the extended community team to clarify these points, and to ascertain the saliency of skills and domains drawn from global SEL frameworks, by asking them to recount a story of the child who demonstrates a named behavior, and how they feel about a child that behaves in this way. The core team updated the domain titles, domain descriptions, and lists of behavior indicators based on caregiver responses. We then translated the titles, descriptions, and indicators into French and English.




Phase 2: Build Baka SEL Measurement Tools

To develop the Baka SEL measurement tools, we converted the Baka SEL framework into a questionnaire, conducted a small pilot for clarity of interpretation, and conducted a full pilot to analyze its psychometric properties. At each round of piloting, we integrated community remarks and lessons learned to strengthen its validity, reliability, and consistency.


Step 1: Develop Initial Questionnaire

To develop the items of the questionnaire, the core research team converted indicators of SEL skills from the Baka SEL framework into target behavior statements that describe mastery of each SEL skill, and non-mastery statements that describe lack of each skill. These statements came from two sources: caregiver quotes, and the existing SEL tools from which we sourced additional salient SEL skills.

In developing the questionnaire protocol, the team sought to maximize construct validity by minimizing influence on caregiver responses. During interviews in phase one, the research team found caregivers were reluctant to speak negatively of their own children, but were willing to describe negative behaviors of other children without saying their names. As the intention of the Baka SEL measurement tool is to obtain caregiver report of their own child's behavior, this tendency introduced a risk of bias. To identify strategies to mitigate this risk, the research team reflected on strategies from phase 1 that elicited honest and varied caregiver responses, and reviewed existing SEL measures validated in African contexts. We designed pilot questionnaire administration and scoring guidelines based on these learnings, and updated them through successive rounds of piloting.

In identifying respondents, the research team sought to obtain perspectives on child behavior in home and school settings, to assess each child in the Dεngbε Bide program, and to collect data at multiple time points to track progress in skill development. We theorized that targeting home caregivers (e.g., parents and extended family members) and Dεngbε Bide preschool teachers would achieve all three objectives. First, interviewing both groups would allow us to understand and compare adult perceptions of child behavior in classroom and home settings. Research and lived experience indicate that children behave differently in school and home environments, driven by different relationships and expectations of teachers and home caregivers (10). Dεngbε Bide teachers operate in community preschools that incorporate elements of a Baka home and a classroom. Children live by Baka values while also becoming acquainted with some expectations of formal schooling, such as following detailed explicit instructions, working on abstract problems, and working toward individual (rather than collective) results. Second, Baka home caregivers follow the Baka semi-nomadic rhythm of foraging activities, meaning that they are not regularly available in the village for interviews. Exclusively targeting caregivers would risk a biased sample of children whose families are less likely to be in the forest. Third, teachers are able to speak to behaviors of an entire class of children, while caregivers can speak only to their own child's behavior. Interviewing teachers allows for assessment of all preschoolers at the beginning and the end of the school year. Interviewing caregivers continuously during monthly program monitoring visits generates a continuum of data over multiple time points on child behavior at home.



Step 2: Conduct Initial Piloting and Revision

The core research team conducted two rounds of tool piloting and revision. After each round of piloting, we compiled findings and integrated improvements into each tool that are summarized in the results section below. Initial piloting sought to ascertain the salience of the SEL skills and domains, the clarity and consistency of question interpretation, and the feasibility and reliability of our scoring procedures. The initial piloting took place with five caregivers and two teachers, and the procedure is described in Table 3 below.


Table 3. Initial tool piloting procedure.
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Step 3: Conduct Full Tool Piloting, Psychometric Analysis, and Revision

The second round of piloting entailed assessing the tools' psychometric properties, to ascertain their ability to capture differences in child SEL development and identify opportunities to strengthen them. We administered the tool to 30 teacher pairs and 29 caregivers, gathering data on a total of 539 children. We used Stata 16.0 MP to assess the tool's score distributions, interclass correlation, internal consistency, inter-rater reliability, existence of latent factors, item test correlations, and assessor rating patterns. We also measured interclass correlation for the teacher tool, and inter-rater reliability for the caregiver tool. Finally, we analyzed the statistical relationship between caregiver and teacher ratings of the same child for each behavior. These findings served as the basis for improvements to the tools' structure, wording, and administration and scoring protocols for greater reliability and consistency.






RESULTS


Building a Baka SEL Framework

In this section, we present the initial SEL domains and skills drawn from caregiver interviews, and the final Baka SEL framework after integrating items from the SEL literature and refining it with caregivers. We then explore the framework's components through an exploratory factor analysis of data from the caregiver SEL measurement tool, and comparison with other SEL frameworks.


The Baka SEL Framework

The initial domains and indicators drawn from the pile sort open coding of caregiver interviews during step 3 of phase 1 are summarized in Table 4 below. The positive and negative behavior indicators shown here were drawn directly from caregiver interview quotes. The domain titles and descriptions were written by the core research team to unite the behaviors into groups that resulted from the pile sort.


Table 4. Initial Baka SEL framework domains and indicators.
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To complement indicators drawn from caregiver interviews, the team reviewed internationally validated SEL measures, to identify items that appear deeply important in Baka society, but which were mentioned by only a small number of caregivers. We identified six items:

1. The child is able to concentrate on tasks without getting distracted.

2. The child is able to calm him/herself down after becoming upset.

3. The child asks for forgiveness after hurting someone.

4. The child comforts a friend who is feeling sad or upset.

5. The child takes on new tasks without fear.

6. The child tries to do tasks independently without help, like washing and eating.

The core research team, particularly its three members who are Baka parents, felt these skills to be important in Baka culture, despite their infrequent or indirect appearance in caregiver interviews. The team opted to develop target behavior statements and non-mastery statements for each of these skills and include them in the first version of the questionnaire.

After follow-up interviews with caregivers to confirm the saliency of each domain and skill, we updated the framework to incorporate their feedback. The final Baka SEL framework in Table 5 below is the product of these progressive rounds of data collection, analysis, and reflection during phase 1, as well as refinements to SEL concepts that arose during phase 2 of the study.


Table 5. Baka SEL framework.
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Exploratory Factor Analysis

While exploratory factor analysis took place during psychometric validation of the caregiver SEL tool under phase 2, its results are presented here as they are important for understanding the Baka SEL framework. We found three underlying latent factors, each explaining approximately one-third of the variance in child scores. However, analysis output also indicated a good deal of variance in these items is unexplained by these three factors together. For this reason, we can only consider them as an exploratory thought exercise and not as definitive underlying constructs. Items with a correlation of >0.4 with the given factor are listed in Table 6 below. The factor titles are proposed by the research team to capture the essence of what may unite these skills into a single factor.


Table 6. Potential caregiver SEL factors.
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The grouping of skills by factor differs from the SEL framework resulting from the pile sort. The first factor, titled “Emotional regulation” points to children's ability to control their negative emotions and avoid violent conflict. The association between the items in the second factor is less obvious. We have opted for the title “Responsibility,” employing a two-pronged understanding of the word. Firstly, items appear to point to the child's ability to take responsibility for his or her actions, including to be a positive example to others, and to bring work tasks to completion. Secondly, items appear related to the child's tendency to take up societal responsibilities associated with children, including treating adults with politeness, listening to their guidance, and helping others in need. It is important to note that the term “politeness” here is an English approximation of the Baka word titili, which directly translates into “heaviness.” Titili can be understood similarly to the English idiom of not “treating someone lightly.” It encompasses a range of behaviors associated with respect for someone, including performing chores and errands for them, treating them with deference, and holding high regard for the advice they impart. The third factor seems to point to children's ability to uphold ethical values, such as sharing and obedience, and avoiding societal taboos such as insults and theft.

Viewing these factors through an ecological lens, they roughly correspond to the concentric environments that children experience. Emotional regulation pertains to the child's control over his or her own internal feelings and their immediate expression. Responsibility can be interpreted to relate to the child's direct interactions with children and adults, such as in the home or the school. Finally, Conscience appears related to the broader societal norms to which the child must learn to adhere. While these must be interpreted cautiously given remaining unexplained variance from the exploratory factor analysis, it is noteworthy that a child would logically develop skills within each factor at similar rates based on his or her progressive exposure to different social groups and environments.




Building a Baka SEL Measurement Tool

In this section, we present the initial SEL tools, our findings from each round of piloting, and the final tools.


Initial Tools
 
Questionnaire Items

The research team developed initial teacher and caregiver Baka SEL measurement tools that included all domains and skills identified in the Baka SEL framework, with two exceptions. Questions about whether the child does chores and wants to bathe independently were included only on the caregiver questionnaire, as these relate exclusively to children's behavior in the home.



Administration Procedures

Ensuring tool validity required mitigating risk of caregiver bias, and attributing ratings based on real observed behavior. Assigning numerical ratings (e.g., on a Likert scale) to behaviors that caregivers are not accustomed to quantifying or discussing in absolute terms risks validity concerns. The team reflected on strategies from phase 1 that supported caregivers to be specific and open about child behavior, and referred to other existing SEL measures for inspiration. During phase 1, we found that caregivers relied on humor to diffuse tension when describing negative behaviors. Discussing behaviors in specific situations, rather than ascribing character judgments to children, helped caregivers to provide clear, detailed, and honest information. Review of existing SEL tools identified storytelling as a proven, comfortable, and accessible way for rural caregivers to talk about child behavior (37).

The research team therefore opted for a storytelling approach using two phases of questioning that prompt caregivers to describe their child's typical behavior in relevant contexts. First, the assessor asks an open-ended question about child behavior in a situation related to the overarching SEL domain, designed to elicit caregiver responses about the multiple target behaviors within that particular domain. Second, the assessor asks an open-ended question about each target behavior as needed to probe the caregiver to speak to a specific target behavior. The caregiver provides a verbal narrative response, to which the assessor assigns a quantitative evaluation. This approach promotes validity in three ways. Firstly, it allows caregivers to present information on their children's behavior by telling stories about them, which is familiar and natural. Second, it prompts them to think about specific situations, allowing caregivers to base ratings on observed behaviors. Third, it limits the number of interpretations at play of the meaning of the different levels of the rating scale to just those of the assessors, who have harmonized their understanding through the tool development process.



Scoring Protocols

The assessor coded the caregiver's response with a binary score of 1 or 0 based on whether the described behavior corresponds to the target behavior statement or the non-mastery statement. In terms of scoring procedure, the original tool included a binary scale, indicating whether the interviewee believes the child's behavior more closely corresponded to the target behavior statement or the non-mastery statement. For the caregiver questionnaire, the assessor rated the caregiver's response to the open-ended question. For the teacher questionnaire, the teacher was instructed to read the behavior statements and rate the child independently. The team chose this structure based on teachers having generally higher levels of literacy and greater familiarity with completing written forms than home caregivers. An example question is provided in Table 7.


Table 7. Example draft initial questionnaire item.
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Updates to Tools From Initial Piloting

The research team updated the tools to clarify the wording of questions, remove redundant items, and ensure that the scoring procedure is clear and feasible to administer based on initial piloting with five caregivers and two teachers. A summary of caregiver feedback and resulting tool updates are described in Figure 2.


[image: Figure 2]
FIGURE 2. Observations and adaptations to tools after initial piloting.


The integration of an evaluation rubric supported common understanding of each mastery level, and consistency in scoring. Use of the rubric differs by tool. With the caregiver questionnaire, the assessor uses the rubric to assign a rating to the caregiver's response to the open-ended question. With the teacher questionnaire, the teachers use the rubric to assign ratings to child behavior. The assessor guides the teachers through this process for the first five children. The assessor first explains the evaluation rubric to teachers and gives them a copy. Similar to the caregiver questionnaire, the assessor asks the teachers the open-ended question, the teachers share a relevant story aloud, and the teachers review the rubric and assign the child a rating. The assessor serves as a sounding board for the teachers and offers explanations of the tool to help guide them to think of specific examples of the child's behavior, but does not influence their responses. After completing the first five children together, the teachers rate the rest of the class independently.

This exercise resulted in updated questionnaires for teachers and caregivers that endeavor to more faithfully capture child SEL development as Baka communities view it, ready for pilot testing with a larger sample for psychometric analysis. An example updated question from the caregiver and teacher questionnaire that shows the revised question structure with multiple mastery levels is shown in Table 8 below.


Table 8. Example revised questionnaire item.

[image: Table 8]



Full Piloting, Psychometric Analysis, and Tool Revisions

While we recognize the tools' inherent validity given that items were drawn directly from caregiver testimony, we sought to determine the tools' consistency and reliability as a measure of SEL through psychometric analysis. Table 9 summarizes quantitative findings for each tool, with interpretations in the sections below. Note that a score of 3 corresponds to mastery, 2 corresponds to in process of mastery, 1 corresponds to non-mastery, and 0 corresponds to no response.


Table 9. Quantitative findings of psychometric analysis of caregiver and teacher tool.

[image: Table 9]


Teacher Tool Piloting Results

Two core research team members administered the questionnaires to 30 teacher-pairs, with each teacher pair assigning a common rating to the child.

Score distributions. Teacher mean score of 2.12 and frequency of 2 rating point to a preference by teachers to score children in the middle of two extremes. This indicates the tool may not be capturing enough variance in children's progress from non-mastery to mastery.

Interclass correlation. Interclass correlation describes the amount of variance in scores accounted for by membership in a particular group—in this case, preschool class—as compared to variance attributable to differences between individuals in that group. We found large variability of student scores between and within classes, indicating systematic differences in teachers' interpretations of the questionnaire or views on SEL. There is need to clarify the tools' questions, rubric, and procedures to ensure consistent interpretation by teachers.

Internal consistency. Our Cronbach's alpha demonstrates that 73% of the observed variance in students' scores on the measure is accounted for by persistent variance of the underlying SEL constructs. This indicates that the measure has an acceptable level of internal consistency (39). Reviewing class-level alphas, we find a mean class alpha of 0.48, with half of classes above and the other half below the mean. While the measure has high internal consistency overall, some teacher pairs apply ratings with lower consistency than others. Consistency results further point to the need for more assessor norming and structured guidance to teachers to ensure consistent interpretations.

Exploratory factor analysis. Supposing the teacher-pairs with greater internal consistency are correctly applying the measure, we used their ratings to conduct an exploratory factor analysis to explore the dimensionality of the measure. The measure appears unidimensional, warranting the use of a single score for the measure. However, the factor analysis should be interpreted cautiously, as it is only based on data from teacher pairs with internal consistency at or above the mean.

Item test and item rest correlations. We performed item-test and item-rest correlations to identify questions for which teachers assign ratings that do not correspond with the ratings they assign children on other questions. Assessors discussed these items to determine why this may be, and recommended updates for clarity and consistency summarized in Figure 3.


[image: Figure 3]
FIGURE 3. Updates to teacher tool post-piloting.




Adjustments to Teacher Tool

The design of the measure and the implementation of scoring adhere to recommendations drawn from the body of literature on SEL measurement, by having multiple raters collaborate on rating students to provide a more holistic measure of student's SEL. However, piloting revealed weaknesses on initial psychometric evaluations, pointing to the need to refine the tool to achieve uniform interpretation of questions and child behaviors. Based on piloting observations, we made changes to the teacher tool, summarized in Figure 3. The final tool is in Annex 1.



Caregiver Tool Piloting Results

Two members of the core research team (referred to as rater A and rater B) administered the tool to 29 caregivers, assessing 14 together for inter-rater reliability measurement, and 15 independently.

Score distributions. Caregiver mean score of 2.44, frequency of a 3 rating, and normal score distribution indicate that caregivers systematically rate children as having higher mastery levels than teachers.

Internal consistency. Each rater had acceptable consistency, with each rater's evaluations accounting for at least 60% of the variation in true underlying SEL skills. Caregiver ratings of child SEL skills consistently account for a higher amount of variance as compared with teacher ratings.

Inter-rater reliability. We found a 0.91 correlation between rater A and B's scores, indicating reliable interpretation and scoring of caregiver responses by the different raters.

Exploratory factor analysis. We found three underlying latent factors within the caregiver SEL measure, described in the section on the Baka SEL framework, which must be interpreted with caution.

Item test and item rest correlations. We reviewed item test and item rest correlations to identify questions for which caregiver interviews resulted in inconsistent ratings. Assessors reviewed these items, discussed their experience administering interviews, and recommended updates to questions and the scoring rubric summarized in Figure 4.


[image: Figure 4]
FIGURE 4. Updates to caregiver tool post-piloting.




Adjustments to Caregiver Tool

Piloting revealed strong psychometric properties of the caregiver tool, and areas for improvement in clarity and consistency of interpretation. Based on piloting results, we identified updates to the caregiver tool as described in Figure 4. The updated tool is in Annex 2.



Comparison of Caregiver and Teacher Responses

To understand the relationship between teacher and caregiver scores, we compared their respective ratings for the same child. Data comparing teacher and caregiver scores for the same children is only available from the piloting phase of each tool, and as such does not reflect the adjustments targeting improved consistency that were incorporated after piloting.

A comparison of caregiver and teacher responses to their respective SEL questionnaires shows no correlation between their responses. Figure 5 shows scores for individual children rated both by teachers and caregivers, with teacher scores on the X axis and caregiver scores on the Y axis. As demonstrated by the upward skew of caregiver scores, teachers assigned children systematically lower scores than did caregivers, and have a higher spread in responses. The flat correlation line shows that receiving a higher score from a teacher has no relationship with receiving a higher score from a caregiver. Regressing caregiver ratings on teacher ratings shows no relationship between them.


[image: Figure 5]
FIGURE 5. Comparison of caregiver and teacher scores for individual children.


Comparing caregiver and teacher responses to specific questions, we found that caregivers assign children higher ratings than teachers for approximately half of the test items, while teachers tend to assign children higher ratings than caregivers on just one question. Table 10 summarizes the questions for which caregivers rate children with higher, similar, or lower scores than teachers.


Table 10. Comparison of teacher and caregiver responses by item.

[image: Table 10]

Even when caregivers and teachers assigned similarly varied scores in response to a given question, their responses still did not bear any relationship to one another. That is, a high caregiver rating on an item in the middle column did not correspond to a high teacher rating, and vice versa. While caregivers overall tended to assign children higher ratings than teachers there does not appear to be a clear trend in the types of questions for which caregivers tend to assign children higher ratings than teachers.

A revised description of SEL domains, open-ended questions, and target behaviors statements is in Table 11. The final retained evaluation rubric is in Annex 3.


Table 11. Revised questions and target behavior statements after initial piloting.
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DISCUSSION

The objective of this study was to test a participatory process for creating a culturally centered framework and measurement of SEL. We sought to answer two research questions: (1) How do Baka caregivers conceptualize SEL skills that children need for success? (2) How can a measurement tool faithfully and validly capture progress in developing these skills in early childhood?

Rather than propose an existing framework and adapt it to the Baka context, we built a framework from the ground up through multiple rounds of qualitative interviews with community members. In this section, we review our progress toward our original goals through these steps, the implications of our findings, and next steps to apply our findings in practice.


Development of a Baka SEL Framework

Our first objective was to build a Baka SEL framework. We evaluate our success based on the framework's ability to capture caregiver perceptions of essential SEL skills, and to organize these into a logical framework.

The Baka SEL framework appears to faithfully summarize caregiver SEL priorities, owing to the participatory process of its development. We collaboratively developed the process for ascertaining caregiver perceptions of SEL by working with community members on the core and extended research team to refine our initial interview questions. Regarding the skills contained in the tool, we drew these from caregiver descriptions of desirable and undesirable behaviors and indicators of those behaviors. Multiple rounds of interviews about the SEL framework, and data collection using the measurement tools that are based on this framework, affirm that the framework reflects SEL skills that Baka caregivers view as priorities for their children to develop.

The accuracy of the Baka SEL tool's grouping of skills by domain is less clear. Our six proposed domains came from our pile sort open coding of caregiver statements on positive and negative child behaviors. Exploratory factor analysis of caregiver data points to three latent constructs, which appear to correspond with the child's mastery of social and emotional skills at the personal, interpersonal, and community levels. However, sizeable remaining unexplained variance means these latent factors should be interpreted with caution. The Baka SEL framework and exploratory factor analysis framework all share the foundational structure of emotional and relational skills that are salient throughout the literature, and seem to undergird SEL frameworks worldwide. Indeed, these are at the root of the Baka SEL framework's development, as they are embedded in our initial caregiver interview questions about children that have a “good head” and get along with others.


Comparisons With Other SEL Frameworks

We compared the Baka SEL framework with other global SEL frameworks to examine skills and behaviors that are distinct or shared between them. We used two predominant frameworks as points of comparison. The Collaborative for Academic, Social, and Emotional Learning (CASEL), formed in 1994, is a global leader in high-quality evidence based SEL (40, 41). The CASEL framework was developed and validated with American children, and its five SEL domains are summarized in Table 12. The Ecological Approaches to Social Emotional Learning (EASEL) Laboratory at the Harvard Graduate School of Education explores the relationship between SEL interventions and development in children, youth, families, and communities (42). EASEL's Taxonomy Project maps SEL skills across various frameworks in order to compare and analyze them, connect them to scientific evidence, and add clarity to global conversations on what constitutes SEL. Included frameworks represent a wide range of disciplines, are widely adopted, and include descriptions of skills, competencies, and attributes with sufficient detail to be coded. While frameworks are drawn from all over the world, there is a significant representation of frameworks from the United States and Europe. The Taxonomy Project has identified six SEL domains, summarized in Table 12. The rows in this table are not meant to suggest any linkage or comparability among the domains in the CASEL and EASEL frameworks.


Table 12. CASEL and EASEL frameworks.

[image: Table 12]


Commonalities Across Frameworks

The research undergirding the CASEL framework breaks SEL into emotional competence skills and relational or prosocial skills (43). We observe alignment between this breakdown and our initial interview questions that the extended community team helped us develop, which ask caregivers to describe a child with a “good head” who gets along well with others. “Good headedness” can be interpreted to refer to the child's emotional skills, while his or her ability to get along with others relates to relational skills. The latent factors revealed by exploratory factor analysis can be similarly categorized, with emotional regulation corresponding to emotional skills, and responsibility and conscience corresponding to relational skills. These threads also appear in EASEL, with the emotion, values, and identity domains classifiable as emotional competences, and the perspectives and social domains classifiable as social competencies. These commonalities appear to suggest the existence of salient latent concepts of what it means to be a respected and successful in a given society—emotional competence and interpersonal skills—and the possibility of universal SEL constructs that manifest themselves differently across cultures.

There are a number of specific SEL skill areas in common between the Baka, EASEL, and CASEL frameworks. While the Baka framework presents skills in specific and observable terms, the EASEL and CASEL frameworks list types of skill sets under each domain. Attention to others' feelings, and actions that elevate others' happiness and well-being, appear as common threads. Baka framework skills for positive relationships with others, including sharing, speaking kindly, and understanding others' feelings, are similar to social awareness skills under CASEL, and prosocial and cooperative behavior under EASEL. Furthermore, respect for others' bodies and property appear to be common expectations of children. Baka framework skills under the domain of peace, including not fighting or stealing, can be linked with ethical responsibility under CASEL and ethical and civic values under EASEL. This domain also corresponds to the conscience construct that emerged from the caregiver tool exploratory factor analysis, encompassing children's respect for societal norms and rules. Children's ability to manage their emotions, as well as their reactions to their emotions, are also shared across frameworks, reflected in commonalities between the CASEL self-management domain, the EASEL emotion domain, and the Baka conscientiousness domain. Management of emotions also appears in the emotional regulation construct from the caregiver tool exploratory factor analysis, whereby children ask for forgiveness, are able to calm down when angry, and refrain from retaliation in confrontations.



Differences Across Frameworks

The presence and absence of certain domains and skills in the Baka SEL framework distinguish it from CASEL and EASEL frameworks. Prevalent in the CASEL and EASEL frameworks are emphases on children's individual identities and self-awareness, including skills such as confidence, recognizing individual strengths, and having a sense of personal purpose. The Baka SEL framework includes independence, whereby children try new things and seek to do activities without adult assistance, but does not include attention to the child's own personality or individual goals. Featuring in the Baka SEL framework but not explicit in CASEL or EASEL frameworks are domains of obedience, respect for elders, independence, and responsibility.

Taken together, we observe that the Baka SEL framework displays high regard for skills and behaviors that support collaboration and community well-being, and notably lacks those related to individual identity and goals. Emphasis on collaboration and collective welfare aligns closely with the lack of hierarchies in Baka communities, and cultural value of shared prosperity over individualism. The Baka are a forager society and Baka culture emphasizes collective goals and well-being rather than focusing on the individual. Indeed, Dεngbε Bide teachers note that children engage most readily in collaborative games, and prefer working toward a common goal than competing to achieve individual results in class. Caregivers made clear in interviews that children are expected to contribute to household and community well-being. Child contributions include helping with housework, running errands, and being attentive to the needs of others. Children are expected not only to obey adult directives, but also to anticipate others' needs and proactively assist them. This is particularly true with regards to elders. While deference toward elders is absent from predominant global SEL domains, it features prominently in the Baka SEL framework. Caregivers noted that children should treat elders with titili, a term that evokes deference, politeness, attentiveness, and responsiveness to their needs and guidance. While contributing to collective welfare, Baka children are also expected to seek increasing independence from adults. Baka children spend significant parts of their days in the care and company of other children, learning and practicing new skills through lived experiences. Caregivers expect their children to readily attempt new activities and to manage their own care to the extent possible (such as bathing and eating independently).

Many global SEL frameworks, such the UNESCO Mahatma Gandhi Institute of Education for Peace, and the UNICEF Global Framework on Transferrable Skills, include skills in critical thinking, self-efficacy, identifying problems, and solving problems, which imply elements of challenging the status quo. These concepts are also missing from the Baka SEL framework (44, 45). The Baka SEL framework's consideration for obedience and respect for elders may result from the study's framing and perspectives. Our initial interview questions asked caregivers to describe a child who has a “good head” and gets along well with others, and a child who is a “head smacker” and does not get along well with others. While these questions yielded descriptions of child behavior that faithfully represent what caregivers believe children need to succeed, we recognize that data obtained in response center around adult perceptions of desirable child behavior. Resulting behaviors and domains clearly emphasize subservience and adherence to adult expectations. As all SEL frameworks are rooted in a cultural understanding of the world and children's role in it, we were unable in the scope of the present study to disentangle respondents' worldview and their views on skills children need for success.

Comparison of the Baka SEL framework with internationally validated SEL frameworks indicate commonalities across frameworks, as well as skills and domains unique to the Baka SEL tool. Overall, we observe that the Baka SEL tool prioritizes skills that promote collaboration, service, and deference to elders, and lacks skills that emphasize individual identity and purpose. Baka cultural norms emphasize collective well-being over individual achievement. The locus of Baka societal values and views on well-being lends critical importance to understanding SEL from the cultural perspective of the community at hand. Applying externally validated frameworks risks imposing norms and misrepresenting behaviors viewed as positive in one culture as being universally valuable.




Meaningful Measurement of SEL Skills

Our second objective was to detect meaningful differences in SEL between children. For this, we reflect on the origins of our measured constructs, and psychometric analysis of our tool's performance during piloting.

With regards to our measured constructs, the Baka SEL measure captures the behaviors that caregivers believe are most important for children to be respected and successful in Baka society. It formulates them into questions to ascertain children's level of mastery of these target behaviors. This process was facilitated by diverse members of the Baka community, capturing a wide range of viewpoints and aspirations for children. Furthermore, the tool's structure reflects Baka cultural norms for talking about child behavior, using storytelling and humor to elicit honest reflections. This design ensures caregivers feel comfortable speaking about their child's development through concrete examples of behavior. The scoring rubric, also drawn from caregiver quotes on child behavior at different levels of mastery, supports consistency in quantitative coding of these qualitative responses. For this reason, we regard the measure as having high construct validity.

Psychometric data demonstrated that the teacher tool has moderate reliability and consistency, while the caregiver has high reliability and consistency. Teacher responses during piloting tended to cluster around the rating of “in process of mastery,” which limits the amount of variance that the tool can capture in children's growth. Teachers appear to have systematic differences in their ratings, with high variability in children's scores between classes as well as within classes. To support reliability and consistency of ratings in future tool administration, we expanded from a four-point scale to a six-point scale and clarified wording of the tool's questions, scoring procedures, and evaluation rubric. We will run psychometric analyses on subsequent rounds of data collection with the updated version in order to further strengthen the tool.

The caregiver tool demonstrates acceptable levels of internal consistency and high levels of inter-rater reliability. While normally distributed, caregiver ratings of children were systematically higher than those of teachers, indicating that caregivers view their children as having greater mastery of SEL skills than teachers. Differences between caregiver and teacher ratings may be attributable to differences in expectations for child behavior at home and at school, and differences in the relationships teachers and caregivers have with children. To improve the tool's reliability, we clarified wording of questions and evaluation rubrics for items with low or negative item test and item rest correlations. To capture more variance in responses, we expanded the tool from a four-point to a six-point scale as with the teacher tool.

We observed no correlation between teacher and caregiver ratings for the same child. While caregiver data are acceptably consistent and reliable, low consistency and reliability for teacher ratings mean that teacher scores should be interpreted with caution. The lack of relationship between teacher and caregiver scores indicates pervasive and systematic differences between how teachers and caregivers interpret the question items, and/or how they view children's mastery of SEL skills. All teachers interviewed are Baka themselves, and many are also parents, so it seems logical that they would have a similar understanding of desired SEL skills and of children's manifestations of target behaviors. Dεngbε Bide preschool centers intend to imitate the home environment so as to be welcoming to young learners.

However, research demonstrates that schools and households have different social norms. Despite its emphasis on community ownership, it is possible that Dεngbε Bide centers are no exception to this trend. Formal schooling in post-colonial societies such as Cameroon has historically retained distinct social and cultural environments from the societies they operate in. It is possible that views around schooling are strong enough that teachers, children, and/or caregivers associate even community learning spaces and local teachers with these expectations. Indeed, Dεngbε Bide centers serve in part to help children ease into a classroom-like environment before entering formal primary school. An aspect of this acclimation may be exposure to new norms for SEL. As the current tool was built from home caregivers' expectations around SEL, it is possible that it does not capture child mastery of target SEL behaviors in classroom settings. We intend for learners' classroom experiences to reinforce and reflect caregiver values. However, we recognize that teachers view child behavior in same-age groups in a semi-controlled classroom setting, whereas caregivers' experiences with children are in smaller and more flexible settings. Further qualitative interviews with teachers may yield supplemental items or evaluation rubric guidance that is specific to the Dengbe Bide classroom setting.



Implications

We draw several key insights from our analysis with implications for how early childhood care and education programs should collaborate with communities to build SEL skills.

SEL Skills Are Deeply Tied to Cultural Values. Baka communities have SEL priorities that are distinct from dominant SEL frameworks. As Baka culture emphasizes respect for elders, responsibility to others and the community, empathy, and collective well-being, so does the Baka SEL framework. Predominant frameworks like CASEL that were standardized with American children highlight individual personality, goals, and successes, reflective of individualistic American society. Retrofitting an assessment based on the CASEL framework to the Baka risks categorizing children's lack of certain skills, such as recognizing personal strengths or setting personal goals, as developmental deficits rather than assets.

There Are Common Underlying Constructs Across SEL Frameworks. The Baka SEL framework shares skills, domains, and fundamental constructs with other predominant SEL frameworks, such as understanding and regulating one's own emotions, attentiveness and responsiveness to others' feelings, respect for others' bodies and property, and cooperation with others. SEL skills and domains can be analyzed across multiple axes. Literature on SEL categorizes them into emotional or relational skills. Our exploratory factor analysis groups them by ecological level: from self-management to interpersonal relationships to respect for societal values. While the specific behaviors that children exhibit in each cultural context may differ, these components appear present across SEL frameworks, and indicate shared foundational elements of social and emotional competence across societies.

Even in Community Preschool Centers, Systematic Differences Exist Between Home and School SEL. Teacher and caregiver ratings of children in response to the Baka SEL measurement tools were uncorrelated. Despite growing up and living in the same cultural and environment, teachers and caregivers applied different ratings to children. This may be attributed to different expectations for child behavior in school and at home, children acting differently in each space, or teachers and caregivers having different types of relationships with children. Measuring SEL skills in just the school environment may omit children's strengths in the home environment, and the skills that caregivers wish them to develop.

Child Scores on Nascent SEL Measures Should Be Interpreted and Applied With Caution. While the tools have high construct validity, the teacher tool has limited reliability. Teachers and caregivers rated the same child differently on tool items. Further rounds of data collection will be necessary to strengthen tool performance and gather enough data to set parameters for normal child behavior. Only after this is done can we attempt to use these tools to measure child SEL development over time and identify children at-risk or underperforming,

Storytelling Is an Effective Assessment Approach. Caregivers and teachers readily used storytelling to share concrete examples of a broad spectrum of positive and negative child behavior. This approach allows caregivers to describe a child's specific actions rather than pass general judgments of the child's skills or character. Humor in sharing stories put caregivers at ease to describe negative behaviors. It also enables them to provide narrative information about the child, rather than assigning a numerical rating to complex and subjective concepts. Assessors were able to use clear rubrics and norming sessions to arrive at consistent tool interpretation, and assign quantitative scores to teacher and caregiver qualitative responses to generate acceptably consistent and reliable ratings of child SEL.

Localizing SEL Is Feasible and Worthwhile. While development of the SEL measure took time, developing the SEL framework was quick and simple. Development of the Baka SEL framework took place over a period of 2 weeks, from initial data collection through verification of the framework's items. Development of the measurement tool extended over 4 months. With essential elements of the questionnaire structure, like the use of storytelling, scoring by mastery levels, and a rubric to concretely describe these levels, development of subsequent tools will likely be more efficient. We strongly encourage early childhood care and education programs short on time to, at minimum, collaborate with communities to build a localized framework for SEL. Understanding community SEL priorities is essential for ensuring that the program does not impose cultural values. It is particularly critical for programs working with marginalized and indigenous populations to avoid colonizing SEL through their programming.



Next Steps

In the coming months, we will move toward accomplishing the other two goals of our study: integrating skills from the Baka SEL framework into the Dεngbε Bide curriculum, and measuring changes in children's SEL skills over time.


Integration of SEL Into the Curriculum

We recognize that SEL development takes place largely in the home. However, we also recognize that schools can reinforce systemic racism and discrimination, and that schools have advanced cultural erasure through targeted assimilation of indigenous children into the mainstream. Respecting indigenous identities requires actively pushing back on these forces by emphasizing the language, values, and culture of Baka communities. For this reason, we will integrate SEL skills from the Baka SEL framework explicitly and implicitly into the curriculum. Our target entry points include reviewing the SEL framework with teachers during their annual trainings, developing children's stories that center around SEL messaging, and developing educational songs that present scenarios and refrains that help children learn and remember SEL skills. These steps will entail participatory dialogue by our core research team with Dεngbε Bide teachers and our extended community team.




Measuring Changes in SEL Skills Over Time

Establishing reliable scoring is an important prerequisite to measuring children's progress over time. While the caregiver tool performed adequately in piloting, the teacher tool's psychometric properties demonstrate that it requires strengthening before it can be considered to faithfully capture children's mastery of SEL skills. We have adjusted the tool to improve its consistency and reliability, and recognize teacher ratings may only be applicable to children's SEL skills in the classroom environment. After testing improvements and stabilizing both tools, we will use data from subsequent assessment exercises to determine the degree to which the tool is sensitive to changes in SEL skills over time. We will administer each tool at different intervals. Applying the teacher tool at the beginning and end of each school year will allow Dεngbε Bide to have a snapshot of SEL skills for all participating children at baseline and endline, providing two data points to track growth. We will interview a small sample of caregivers with the caregiver tool during monthly program monitoring visits. Over the course of the year, we will endeavor to assess all participating children through the caregiver tool at least once. This data will allow Dεngbε Bide to have a continuum of information on progressions in children's SEL skills throughout the year, and qualitative information on caregivers' views on child SEL development. We will integrate examples from caregiver and teacher storytelling into the evaluation rubric, in order to provide more concrete examples and support continuous improvement in scoring reliability.




Limitations

Study limitations include translation across multiple languages, lack of reliable data on child age, and limited ability to gather follow-up data using the revised SEL tools.

Much of the desk research that informed initial core team discussions around SEL was available only in English, while a good deal of the French research was based on SEL frameworks originally developed in English. The English-speaking core team member translated and explained English language research to the rest of the core team, and meaning may have been distorted or lost along the way.

As SEL skills tend to increase with age, correlation between age and score is an indicator of a SEL measure's convergent validity. Almost all children in the target population were born in the home and not in a hospital, and so they lack records of an exact date of birth. Caregivers tend to estimate age based on visible characteristics, so child ages per parent report reflect developmental traits. Furthermore, these estimates are expressed in years and not months, so there is very little variability upon which we could regress SEL scores. For this reason, the relationship between SEL scores and age remains a gap in our analysis.

Finally, it was intended that the research team would implement updated versions of the teacher and caregiver tool during the final trimester of the 2019–2020 school year in Dεngbε Bide preschool centers. However, school closures due to COVID-19 limited our ability to gather data. The present paper discusses only the findings of the pilot, and does not include psychometric information about the final revised tools.
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Background: Over 250 million children in low- and middle-income countries are at risk of not achieving their fullest developmental potential due to co-occurring risks such as poor nutrition and inadequate learning opportunities. Early intervention programs integrating the aspects of nurturing care, that is, good health, adequate nutrition, safety and security, responsive caregiving, and learning opportunities, may ameliorate against the negative impact of these adverse conditions.

Methods: This meta-analytic review updates the evidence base of parenting interventions comprising stimulation and responsive caregiving components on developmental outcomes for children under age 2 years in low- and middle-income countries. It also describes and assesses the moderation effects of population characteristics and implementation features on the intervention effectiveness. Studies were identified based on previous systematic reviews and an updated literature search in eight databases and the gray literature up to December 2020. A random-effect model was used to explore the pooled effect sizes accounted for by the intervention for developmental outcome of cognition, language, motor, and social-emotional capacities. Exploratory moderation analyses were also conducted.

Results: Twenty-one randomized controlled trials representing over 10,400 children from 12 low- and middle-income countries and regions across three continents (Africa, Latin America, and Asia) were identified. The interventions showed overall small-to-moderate effects on children's cognitive development (ES = 0.44; 95% CI = [0.30, 0.57]); language development (ES = 0.33; 95% CI = [0.18, 0.49]); and motor skills (ES = 0.21; 95% CI = [0.10, 0.32]). The overall effect on social-emotional development was non-significant (ES = 0.17; 95% CI = [−0.01, 0.34]). Effect sizes (ES) varied significantly across the studies. Parenting programs that targeted vulnerable groups, including rural communities and caregivers with lower education levels, had more significant effects on children's development. Group sessions (vs. individual visits) and high program dose (≥12 sessions) were also associated with stronger effects on child development. Further research is needed to determine the effectiveness of the workforce and training on programmatic outcomes.

Conclusion: The findings indicate that parenting interventions that encourage nurturing care are effective in improving the early development of children, especially among vulnerable populations. We discuss opportunities to strengthen the implementation of research-based parenting interventions in such contexts.

Keywords: parenting intervention, stimulation, early childhood development, low- and middle-income countries, systematic review


INTRODUCTION

In low- and middle-income countries (LMICs), over 250 million children under age five are not achieving their developmental potential due to adverse living environments, such as chronic poverty, poor nutrition and sanitation, violence, and inadequate learning opportunities (1). As emphasized in multiple United Nations Sustainable Development Goals, child development has been recognized as playing a key role in the long-term development and well-being of the society at large (2–4).

The first few years of life are sensitive periods for brain and neural development, laying the foundation for long-term mental development (5–7). Specifically, there has been a push for the improved focus and need for investment in the first 1,000 days of life (which equates to the period from pregnancy to 2 years) (8). During this period, children are highly susceptible to environmental influences such as responsive parenting and cognitive stimulation. On the one hand, exposure to risk factors during this time can pose long-term and sometimes difficult-to-reverse detrimental impacts on children's developmental, educational, and health outcomes and productivity, ultimately incurring costs to society (9). Alternatively, this can also be a window for children to benefit from a nurturing caregiving home environment and thrive despite the adverse larger social environment (10).

Caregivers provide the primary environment in the early years of a child's life and are the entry point of many interventions supporting child development (11, 12). Such interventions include parenting programs, which are defined as interventions or services aimed at improving parenting interactions, behaviors, knowledge, attitudes, practices and beliefs (10). While earlier parenting interventions had a heavy emphasis on child health and nutrition, more and more research has recognized the importance and potential of psychosocial stimulation, especially given the shift from surviving and promoting physical growth to thriving and nurturing mental development (1). According to the World Health Organization, psychosocial stimulation consists of physical and emotional stimulation which are both aimed at facilitating children's cognitive, emotional, social and language development (13). Emotional stimulation comprises the expression of affection and warmth to a child in ways that are consistent with cultural norms, responding to the needs of the child in a timely manner, encouraging verbal and non-verbal communication between caregiver and the child, and praising or showing appreciation when the child manages to do something (13). Physical stimulation involves providing the child with opportunities for adequate sensory experiences through playing together with the child and providing them with age-appropriate play materials as well as, providing meaning to the child's physical world for example, by helping the child to name, count, and compare objects (13). The concept of psychosocial stimulation is also captured in the Nurturing Care Framework under its components of “responsive caregiving” and “opportunities for early learning” (14). Responsive caregiving entails propensity on the part of caregivers to notice, understand and respond to their child's cues in an appropriate and timely manner. Responsive care also creates opportunities for early learning, which refers to any opportunity for a baby or child to interact with objects, people, and place in their environment (14). Responsive feeding is also embedded in the concept of responsive caregiving and involves practices such as minimizing distractions during meals, feeding slowly and patiently, talking to a child with eye-to-eye contact during feeding, and introducing different food combinations (textures, tastes) at an appropriate age (15, 16). Overall, psychosocial stimulation interventions/programs train caregivers on how to support their children's development through responsive and sensitive caregiver-child interactions (e.g., age-appropriate play, telling stories, responsive feeding, exploring picture books, praising, cuddling among others). Noteworthy, psychosocial stimulation interventions are increasingly being integrated into other maternal and child health programs like nutrition, sanitation, and cash transfer programs (17, 18).

Along this line, several psychosocial stimulation or responsive care interventions have been implemented for children younger than 2 to 3 years of age in LMICs (10, 17, 19–22). A recent review of 75 parenting programs, which included 14 studies (12 from LMICs) on psychosocial stimulation or responsive care, found that in LMICs, these interventions had significant effects on cognitive development [ES = 0.49, CI (0.27–0.72)], language skills [ES = 0.43, CI (0.11–0.76)], and on motor skills development [ES = 0.39, CI (0.13–0.65)] in children below 5 years (17). Previous reviews have also corroborated the findings of moderate positive effects of parenting interventions with psychosocial stimulation aspects on language outcomes (21, 22), cognitive skills (10, 21, 22), motor development (10) and psycho-social skills (10) of young children. Another most recent review consistently reports the positive benefits of these interventions on cognitive development but notes that these benefits are only sustained for a short-term (1–3 years) duration (20). These results suggest that caring and stimulating environments with opportunities to play and communicate do play a significant role in child development outcomes.

Despite the promising effect of parenting interventions that include psychosocial stimulation or responsive care on developmental outcomes of children in low-resource settings, the key factors contributing to and barriers preventing the success of the interventions are still not well-understood. It has been proposed that the intervention and implementation processes, such as the mode of delivery (i.e., home visits, group sessions, or clinic appointments) (1, 4–6); the sensitivity of the measures utilized to assess child developmental outcomes (3, 4); the frequency of sessions and overall duration of the intervention (2, 5); the curriculum characteristics, for example, the form of behavior change techniques used (1, 2, 4, 6); the characteristics of the delivery agents (e.g., level and quality of training, being a part of existing service delivery systems) (2, 4); and the fidelity and quality control measures in place (2, 5) are likely important factors besides the content that account for the level of effectiveness and sustainability of the intervention. The characteristics of the target population, including caregivers' education status, household socioeconomic status, characteristics of children (e.g., age at enrolment), and caregivers' study setting (e.g., rural or urban) are also outlined among potential sources of variation in intervention effects (17, 19–21). Thus, researchers have increasingly expressed a need for an improved understanding of the common mechanisms that drive sustained parenting intervention treatment gains (20).

Although there has been consensus that these underlying factors require careful inspection, only the meta-analysis by Aboud and Yousafzai (2015) included some form of moderation analysis to inspect variation attributable to some of these factors. They found that the weighted mean of 10 effects sizes was improved (from d = 0.324 to 0.592) upon stratification based on seven interventions which utilized group sessions with some home visits, indicating the potential advantage of using a mixed approach (home visits with group sessions) over interventions with only home visits or clinic visits separately (21). They also noted that the implementation of parenting interventions requires a structured curriculum with sufficient dosage but not overloading messages, a format of delivery, well-trained and supervised personnel. However, they found that only 5 of the 21 studies in their review reported on fidelity to the intended program (21). Generally, most of the existing reviews descriptively summarize a few intervention/implementation factors with mixed depths of discussion (mainly briefly) about their potential implications for the findings and future work on parenting interventions and policy/decision-making. Thus, how intervention effects vary across other implementation delivery methods and sample characteristics are still not well-understood.


The Present Study

The current systematic meta-analytic review builds upon previous reviews (10, 17, 19–22) and aims to extend the knowledge of parenting interventions and their developmental outcomes, specifically interventions with the components of psychosocial stimulation or responsive care for children under the age of 2 years in low- and middle-income countries. The specific objectives are: (i) to update the existing literature of the effectiveness of parenting interventions with components of psychosocial stimulation or responsive caregiving on cognitive, language, motor, and socio-emotional skills development of children under the age of 2 years in LMICs; and (ii) to describe and assess the moderation effects of implementation and sample characteristics on the outcomes of interventions with the components of psychosocial stimulation or responsive care. We, therefore, conducted exploratory moderation analyses, whenever possible, on intervention effect sizes across select study characteristics that were identified to be key in successful interventions (21) and also described a variety of other implementation aspects.




METHODS


Literature Search

Parenting interventions that include psychosocial stimulation or responsive care of children under age two in low- and middle-income countries were extracted from previous systematic reviews on this topic. At the inception of this work, the available literature dated till 04/2015 (10, 21, 22). We conducted an updated literature search from 05/2015 to 10/2020. Our systematic review followed the guidelines for preferred reporting items for systematic reviews and meta-analyses (PRISMA) (23). The updated literature search was conducted in eight electronic databases of PubMed, EMBASE, CINAHL, Scopus, PsycInfo, ERIC, ProQuest Dissertation & These Global, and EconLit. Additionally, gray literature was searched in the OAIster and OpenGrey databases and institutional electronic resources (e.g., websites of UNICEF, WHO, The World Bank). Reference tracking and hand-searching were also conducted to identify any relevant materials that could have been missed during the indexing process, as well as any additional relevant articles published between 11/2020 and 12/2020. The search strategy comprised a combination of free terms or keywords on participants (e.g., child, toddler, infant), types of intervention (e.g., attachment, stimulation, psychosocial), and types of outcomes (e.g., development, cognitive, language, social, motor) combined with Boolean operators of “OR” and “AND” (see Supplementary Table 1).



Inclusion and Exclusion Criteria

Articles were screened by title, abstract and full text for eligibility by trained undergraduate psychology research assistants, the first author and a co-author author (DS). Studies were included if they met the following criteria: (1) the intervention focused on improving caregiving quality through individual or group-based training on responsive, stimulating, and sensitive caregiver-child interactions (e.g., age-appropriate play, telling stories, responsive feeding, exploring picture books, praising, cuddling among others); (2) the study enrolled children with an average age below 24 months; (3) the study reported quantitative findings on at least one of the childhood developmental outcomes of cognitive, motor, social-emotional capacities, and language skills; (4) the intervention was implemented in low and middle-income countries; and (5) the study used randomized controlled design. Studies were excluded if they only enrolled children or caregivers with selected pre-existing health risks such as preterm infants or infants of mothers with HIV and if they did not report quantitative findings on any of the childhood developmental outcomes.



Data Extraction and Quality Assessment

The information extracted from the eligible studies included: study characteristics (e.g., country, study design, period of study implementation, enrolment criteria, caregiver age), intervention and implementation features (e.g., curriculum used, delivery mode, dosage, intervention facilitators, characteristics of delivery agents, capacity building, formative research and quality assurance aspects), effect sizes on child developmental outcomes and assessment instruments. Quality assessment of the studies in this review was conducted following the Cochrane Collaboration Risk of Bias guidelines (24). Specifically, the studies were rated on the potential of bias (high, low, unclear) in the following domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors, completeness of outcome data, and selectivity in reporting. Ratings of risks of bias were not used as an exclusion criterion (see Supplementary Table 2). Both the extraction and risk of bias assessment were conducted independently by the first author, a co-author (DS) and a trained graduate student using structured coding spreadsheets and discrepancies were resolved through discussion and consensus.



Outcomes

This review focused on the outcomes in the four childhood developmental domains of cognitive, language, motor and social-emotional capacities, assessed at the first post-intervention period. The cognitive outcomes included broad cognitive processing such as sensory-perceptual skills, problems solving, memory (25), which are often captured collectively as scores on scales like the Bayley II Mental Developmental Index (26), the Bayley-III cognitive scale (27), and Performance subscale of the Griffiths Scales of Child Development (28). Language outcomes included communication skills such as receptive and expressive language (29). Motor outcomes included gross locomotor and fine motor skills such as hand and eye coordination (30). Social-emotional outcomes included a broad range of social and emotional capacities. Specifically, these are adaptive behaviors either collectively reported such as personal-social development skills on the Ages and Stages Questionnaire, or separately reported such as responsiveness to examiner, emotional tone, cooperation, and emotional vocalization using Wolke scale (31) and modified behavior rating scales (32, 33).



Data Analysis

Data were synthesized both quantitatively and narratively. The effect sizes (ESs) for each of the four domains (cognitive, language, motor, and social-emotional capacities) were calculated as the standardized mean difference between the intervention and control groups at post-test using pooled standard deviations and weighted by the inverse variance method (Hedge's g) (34, 35). When the data reported in a study was not sufficient to compute the Hedge's g, we instead narratively summarized the effects without including the reported measure of effect in the quantitative pooled effects analysis. For studies with multiple outcomes within one category (e.g., expressive and receptive language), the effect sizes were aggregated under the assumption that the outcomes were moderately correlated (r = 0.50) when actual correlations were not available (36). For studies with multiple intervention or control groups, effect sizes were combined across the groups when possible following the procedures described in chapters 23–25 of the handbook by Borenstein et al. (36). Specifically, for intervention groups, we prioritized effect sizes from arms of a factorial randomized controlled trial which comprised the intervention package specifically focused on the responsive, stimulating, and sensitive caregiver-child interactions components. For example, if a study had four arms of “psychosocial stimulation alone,” “nutrition supplementation alone,” “psychosocial stimulation and nutrition supplementation,” and “control (routine care)” we focused on effect sizes from the “psychosocial stimulation alone” and the “control (routine care)” arms. Effect sizes were analyzed with a random-effect model to explore the estimates accounted for by the intervention on each of the four developmental outcomes. The random-effect model was fitted using the meta-analysis command “metan” in STATA 15 software package (37). The variation in effect size attributable to heterogeneity was evaluated with the Q statistic and the I2 statistic of the DerSimonian and Laird method (38).

Exploratory moderation analyses were conducted to examine whether the effect sizes varied significantly according to study characteristics. Sample characteristics included the context of the sample (0 = rural, 1 = urban or peri-urban), the mean age of children at enrollment (0 = less than 12 months, 1 = equal to or greater than 12 months), average levels of maternal education (0 = lower than 6 years or over 50% did not complete primary education, 1 = greater than 6 years or over 50% completed primary and higher education). Implementation characteristics included mode of delivery (0 = individual visits, 1 = primarily group sessions or group sessions combined with individual visits), average dosage of delivery (0 = 2 times or less per month, 1 = more than 2 times per month), total number of sessions (0 = less than 12 sessions, 1 = 12 or more sessions), duration of intervention (0 = less than 12 months, 1 = 12 months or longer), characteristics of delivery agents (0 = trained paraprofessionals with previous experience in the healthcare system, 1 = trained paraprofessionals without previous experience in the healthcare system, 2 = mixed paraprofessionals and/or health professionals) and duration of training of delivery agents (0 = 2 weeks or more, 1 = less than 2 weeks, 2 = details not reported).

Narrative synthesis involved a summary (both in text and table format) of risk of bias assessment, study characteristics (e.g., country, year of implementation), curriculum utilized, tools utilized to assess developmental outcomes, capacity building of intervention staff, quality control and fidelity aspects and formative research components of the interventions.




RESULTS


Study and Sample Characteristics

Twenty-one studies were identified from a total of 81,210 records from the database search and previous reviews based on the eligibility criteria (see Figure 1 for the flow chart). Of the 21 eligible studies, 16 of them (39–54) were previously captured in four previous reviews (17, 20–22) assessing the effects of parenting interventions with the components of psychosocial stimulation or responsive care on early child neurodevelopmental outcomes. This present review includes 5 additional studies (55–59). Common reasons for exclusion include the use of a non-RCT design, study conducted outside a low-and-middle-income country context, a single focus on nutrition supplementation or education, the enrollment of predominantly children over 24 months, and the absence of child developmental outcomes (e.g., a focus on child physical growth or parent-child interactions).


[image: Figure 1]
FIGURE 1. Flow chart showing the selection of studies.


The study and sample characteristics are summarized in Table 1. Of the 21 eligible studies, seven were conducted in the African region (42, 46, 49, 55–58), and their implementation period was between 2013 and 2019. There were four eligible studies from the Caribbean region (41, 50–52), implemented between 1999 and 2012; however, two of these studies did not report the implementation dates (50, 51). Both studies from the Latin American region were from Colombia, conducted between 2010 and 2016 (40, 59). Eight studies were conducted in Southern and South Eastern Asia (39, 43–45, 47, 48, 53, 54). The intervention period of the Asian studies was between 2000 and 2012; however, 3 of these (44, 45, 47) did not report the implementation periods. Over 10,400 children and families were enrolled in these 21 studies, with sample sizes ranging from 41 to 1,381 per study. Among these studies, 13 were conducted in rural areas and seven were in urban or peri-urban areas (1 unidentified). Children's age at enrollment ranged from pre-birth (i.e., third trimester of pregnancy) to 36 months with a mean below 12 months among 10 studies (39, 41, 42, 47, 49, 52–54, 58, 59) and between 12 to 24 months for the other 10 studies. Enrollment age was missing in one of the studies (55). Maternal education of the study participants was below primary level (mean <6 years or > 50% did not complete primary education) in 13 interventions (of note, almost all in rural contexts) and above the primary level in 7 interventions (40, 41, 51, 52, 56, 58, 59); which were mostly from the urban context. One of the studies did not report the maternal education level (50).


Table 1. Study and sample characteristics.
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Assessment of Child Outcomes

All the seven studies in Africa reported cognitive outcomes, while five reported language skills (42, 46, 55–57) and 4 reported on social-emotional capacities and motor skills (42, 55–57). All four studies from the Caribbean reported cognitive, motor and language outcomes, but none reported socio-emotional data. Both studies in Colombia reported cognitive, motor and language outcomes. Dimensions of social-emotional development were only reported in one study in Colombia (59). Four studies in Asia reported on language (39, 48, 53, 54) and social-emotional outcomes (43, 45, 47, 53), while 5 reported on motor skills (43–45, 47, 53). Only one study did not report cognitive outcomes (48).

Assessment measures of child outcomes are summarized in Table 2. Twelve of the studies that assessed cognitive development used the Mental Development Index or the Cognition subscale of the Bayley Scales of Infant Development (Bayley II or Bayley III) (26, 27) and 4 used the Performance subscale of the Griffiths Scales of Child Development (28). The most frequently utilized tools for assessment of language development were the Receptive and Expressive Language subscales of the Bayley Scales (reported in 8 studies) and the Hearing and Speech subscale of the Griffiths Scales (reported in 4 studies). Similarly, the majority of studies on motor development utilized the Psychomotor or fine motor subscales of the Bayley Scales and the Hand and Eye Coordination subscale of the Griffiths Scales. The parents' report on Ages and Stages (60) (used in 4 studies) and the Behavior rating scales (in 2 studies) were the most commonly utilized tools in assessing social-emotional development.


Table 2. Assessment tools for developmental outcomes.
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Effect Sizes on Child Outcomes
 
Pooled Effect Sizes and Heterogeneity

Effect sizes and forest plots of the individual studies are presented in Figures 2–5. The pooled average effect sizes are 0.44 on cognitive development (n = 18; 95% CI = [0.30, 0.57]), 0.33 on language development (n = 13; 95% CI = [0.18, 0.49]), 0.21 on motor development (n = 14; 95% CI = [0.10, 0.32]), and 0.17 on social-emotional development (n = 7; 95% CI = [−0.01, 0.34]). The effect sizes varied significantly across studies on cognitive development (Q = 141.99, df = 17, p < 0.001, I2 = 88.0), language development (Q = 102.39, df = 12, p < 0.001, I2 = 88.3), motor development (Q = 49.87, df = 13, p < 0.001, I2 = 73.9), and social-emotional development (Q = 45.33, df = 6, p < 0.001, I2 =86.8).


[image: Figure 2]
FIGURE 2. Effect sizes on Cognitive outcomes.
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FIGURE 3. Effect sizes on Language outcomes.
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FIGURE 4. Effect sizes on Motor outcomes.
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FIGURE 5. Effect sizes on Socio-emotional outcomes.


We did not include two studies in the meta-analysis as the data reported in both were not sufficient to compute the Hedge's g (57, 59).




Intervention Characteristics

The intervention and implementation characteristics are narratively summarized in Table 3 and in the Supplementary Table 2.


Table 3. Intervention and implementation characteristics.
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Mode and Dose of Intervention Delivery

Interventions were delivered through home visits in nine studies and group sessions (with or without home visits) in 12 studies. Of note, 71% of the studies in the rural context used group sessions compared to 29% of the urban or peri-urban studies.

The interventions were delivered in varying levels of frequency, ranging from twice weekly to two times over the course of 6 months. The average frequency was two times or less per month in nine studies and over twice per month in 12 studies. The total number of sessions ranged from 2 to 124, with the majority of the interventions (15 out of 21) delivered in 12 or more sessions. The overall duration of the interventions ranged from 2 to 24 months, with the majority (14 out of 21) under 12 months.



Delivery Agents

Ten studies (39, 40, 43–47, 49, 58, 59) clearly reported that the intervention delivery agents were women; however, gender was not clearly stated in some studies (41, 50–53, 55). Only eight of the 21 interventions relied on trained delivery agents who did not formally work with the local health care system (e.g., women who were selected to serve as play leaders, volunteers, or home visitors based on being mothers, having a reputation in the community, or having some basic education and good communication skills) (40, 43, 45–47, 55, 57, 58).

All studies reported that intervention delivery agents were trained, with the majority indicating that the delivery agents received one-off in-person training sessions ranging in length from 3 days of training (41, 55) to 3 weeks of training (40, 45, 58). Overall, in 10 intervention studies the delivery agents' training duration was 2 weeks or more (40, 43, 45, 46, 51, 52, 56–59); however, the training duration was not clearly reported in 5 studies (42, 44, 47, 50, 53). Refresher training of delivery agents was reported among four intervention studies (46, 54, 56, 61). In some studies, training sessions were spread out within the implementation period (40, 56, 58). Depending on the specific focus of the intervention, general training content included theoretical and practical skills on counseling and effective communication (e.g., facilitating support groups, problem identification and solving) and parenting practices (including responsive feeding, child stimulation, play). Trainers included trained graduates (mainly in health sciences like nutrition health and psychology) (40, 42, 59), trained paraprofessionals (49), professionals in ECD (61), researchers together with staff from implementing/local organizations working in child and maternal health (46, 54, 56). However, the majority of the studies did not report in detail on training aspects.



Intervention Curricula

There were various reported sources of intervention curricula, with a common tendency for studies to report multiple sources. Some of the commonly cited sources included UNICEF and WHO's “Care for Child Development” program (39, 49, 57), the Jamaica Home Visiting program (40, 59), WHO/PAHO guidelines on complementary feeding (42, 47, 54), WHO's social Baby and Improving psychosocial development (58), among others. However, in some of the studies, the sources of the curricula were not clearly reported (55, 56). Routine care, mostly referring to routine services provided mainly by community healthcare systems, was the most typical reported component in the control groups.



Fidelity and Quality Control

Various modalities were utilized to ensure fidelity and quality of the implementation process (See Supplementary Table 2). Some commonly reported ones included: routine on-the-job observation of agents by supervisors (mostly on a monthly basis), utilization of designed monitoring tools such as visit forms, fidelity checklists and home visit forms to track progress and compliance to curricula (41, 49, 54); formal and informal sessions involving supervisors and delivery agents were utilized to provide feedback and to discuss challenges and solutions to keep activities on track (41, 44, 52, 56). Although the majority of studies reported that delivery agents were provided with support supervision, most did not elaborate on what such supervision entailed. A few indicated that it entailed assistance of the agents to prepare their sessions, provision of feedback on performance through a structured process (e.g., monitoring forms), reviewing the intervention topics with them and providing them guidance in discussions and practice prior to their activities (41, 46). Other quality improvement approaches reported feedback on the intervention experience directly from the beneficiaries (47), providing mentorship and on-the-job coaching for delivery agents (40, 59), and sending frequent reminders reinforcing key messages to delivery agents (40).



Moderation Effects

Effect sizes at each level of the moderators are summarized in Table 4. These effect sizes are for individual moderators from un-adjusted moderation analyses and thus should be interpreted cautiously. Moderations were not reported for social-emotional outcomes due to the small number of studies reporting on this domain. Generally, 5 or more studies are needed to reasonably and consistently achieve sufficient power from random-effects meta-analyses (62).


Table 4. Effect sizes by moderators.
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Among the sample and context characteristics [i.e., study setting (rural and urban/peri-urban), child age at enrolment and maternal education], we found statistically significant group differences in the pooled effect sizes across maternal education (for language skills) and rural settings (for motor skills). Specifically, the effect sizes for language were larger for children of caregivers with lower educational level (ES = 0.45 vs. 0.17, Q = 4.25, p = 0.04). The context where the intervention was delivered (urban vs. rural), as well as the mode of delivery, also explained a significant proportion of variance on the effect sizes on motor skills outcomes. Effect sizes were greater for children in rural areas compared to urban settings (ES = 0.29 vs. 0.11, Q = 5.2, p = 0.02). Thus, consistent with previous research, we find that program effects were larger for vulnerable children, including lower levels of family education and rural residence.

The moderation effects of the intervention characteristics of mode of delivery, duration of the intervention, number of sessions delivered, dose of delivery, the type of delivery agents as well as the duration of their training are also summarized in Table 4. Statistically significant group differences in the pooled effect sizes were only found across the mode of delivery (for cognitive and motor skills) and the number of sessions (for language skills). The effect sizes for language skills were larger for children of caregivers who received interventions with 12 or more sessions (ES = 0.44 vs. 0.12, Q = 6.24, p = 0.01). Effect sizes for motor skills were also greater for interventions delivered through group sessions compared to individual sessions (ES = 0.31 vs. 0.08, Q = 7.59, p = 0.006). Also, for the cognitive development domain, the effect sizes were greater for interventions delivered through group sessions compared to individual sessions (ES = 0.53 vs. 0.28, Q = 4.99, p = 0.03).





DISCUSSION

This systematic literature review identified 21 parenting interventions published from 2004 to 2020 with the components of responsive, stimulating, and sensitive caregiver-child interactions for children under age two in low- and middle-income countries evaluated in randomized controlled trials. We also summarized the various intervention features and implementation aspects, for example, relating to context and participant characteristics, quality and fidelity, capacity building, delivery agents, and intervention curricula. We investigated how some of these features moderated the effects of these interventions on childhood developmental outcomes.

A key finding from our meta-analyses is that there are overall positive, albeit small-to-medium, effects of the parenting interventions on childhood developmental outcomes, including cognitive, language, and motor skills. Our findings are consistent with findings from a previous systematic review published in 2015, where stimulation interventions among children aged 0–2 years were moderately effective for cognitive outcomes (d = 0.42) and language development (d = 0.47) (21). Similarly, our results are supported by findings from a more recent systematic review that reported significant effect sizes of 0.49 in cognitive skills, 0.43 in language skills, and 0.39 in motor skills among interventions with components on responsive care and learning opportunities LMICs (17). In our present review, we presume that the lack of statistical significance for the socio-emotional domain may possibly arise from the few intervention studies (n = 7) that were currently published and eligible. Taken together, our updated review captures literature up to the end of 2020 and shows that results on intervention effects in the cognitive, language and motor skills domains are, more or less, consistent with previous systematic reviews in this area.

Although cognitive-linguistic development in the early years is important in relation to later educational achievement, the review supports our call for increased attention to social-emotional outcomes for three main reasons. First, early social-emotional development plays a key role in subsequent achievement, health, and well-being over and above the contribution of early cognitive development, especially in adverse contexts (63–66). Second, social-emotional development is sensitive to influences of early adverse experiences such as exposure to violence and stress (7, 67–70). Third, social-emotional development can be crucially shaped through parenting techniques such as developmentally appropriate support and warmth, engaging in sensitive parent-child interactions, and fostering secure parent-child bonds (71–74).

Another important finding is the significant variation in the overall effect of the interventions on the domains of cognitive, language and motor skills that were attributable to some intervention and implementation features. First, the use of group sessions or group sessions combined with home visits in our review was found to be more beneficial than individual sessions alone (specifically for cognitive and motor skills development). This approach has been endorsed by other researchers who suggest that its effectiveness arises from its potential to modify group norms on child-rearing, being less labor intensive compared to home visits and because it encourages peer support (21). However, it is unclear why the variation in effects attributable to delivery modality was only registered in cognitive and motor development and not in the language domain.

Still, in connection to the delivery approach, we found that interventions that delivered a greater number of sessions (12 or more) across the intervention period were more beneficial for language development compared to those with fewer sessions. Studies on the dose-effect of interventions on language development are scanty; however, one systematic review found that interventions aimed at improving child language through enhancing maternal responsivity were generally effective when offered for ~10–12 weekly sessions programs (75). We suggest that the findings indicating better effects of the interventions among children of rural (for motor skills) and lower educated (for language skills) caregivers are symbolic of catch-up neurodevelopmental growth in children from less privileged settings where social inequalities and a myriad of negative social determinants of health hinder optimal neuro-development in the early years (76). Another explanation may be that the differences result from the smaller number of studies conducted in urban settings and higher educated caregivers.

The findings on the use of formally trained paraprofessionals (e.g., community health volunteers) as intervention delivery agents accentuate their central role in promoting community health and early child development (77), but more importantly, the feasibility and promising sustainability of utilizing this delivery approach for mainstreaming nurturing care in community health within LMIC setting. Another important finding was that some interventions were still feasible and effective even when trained community resource persons who were not necessarily trained formal paraprofessionals and without prior work experience in the healthcare system were utilized as delivery agents. This is important because formally trained health paraprofessionals may sometimes face large workloads from their formal roles and various ongoing community health program activities (78, 79) that might negatively impact their performance when asked to offer extra duties on parenting interventions. However, owing to their formal recognition in the communities and by the governmental health structures, their extensive experience and accrued training in the cross-cutting aspects of child and maternal health (77, 80), formally trained health paraprofessionals like community health volunteers are likely to present a more sustainable choice of delivery agents of parenting interventions.

Our findings on capacity building and fidelity/quality control measures utilized among the interventions have important implications. First, current studies on parenting interventions inconsistently report about core attributes (content, methods, duration, trainers) of training programs for intervention delivery agents. Although there is likely to be extensive variation in training content and duration, partly due to previous formal training possessed by the paraprofessionals, it is important to have some basic/foundational skills and knowledge areas (modules) for improved scalability and quality assurance of parenting interventions across settings. We also argue that the brevity of the training (most without refresher training) of delivery agents in many of the interventions was because most of these were brief interventions lasting less than 12 months. Second, a number of useful and transferable quality assurance techniques can be borrowed for future interventions. Notable among these is the process monitoring using designed monitoring tools like fidelity checklists, support supervision and on-the-job mentoring, maintaining ongoing open feedback and process learning, and involving beneficiaries in appraising the implementation process. Third, the current evidence indicates the need for more implementation research and better data to determine which features (i.e., training, skills, supervision, remuneration) predict program effectiveness and efficiency. Besides, clearer documentation of the formative and implementation aspects, including the sources of intervention components and the curriculum/intervention adaptation procedures, are crucial for improving scalability and adaptation to new settings and the comparability of study findings across different settings.

The major strengths of this systematic review include the expansion of the existing body of evidence on stimulation and responsive caregiving interventions in LMICs by including the most recent studies published in this area, expansion of the domains to include domains of social-emotional development and the thorough synthesis of the intervention and implementation features, including quantitative analysis of the moderation effects of various intervention features on the intervention effect sizes on childhood development outcomes. Our findings should be interpreted cautiously due to several limitations that should be noted. First, we only included a small body of randomized controlled trials and thus excluded interventions that were evaluated in other less rigorous designs (e.g., quasi-experimental) and those that did not assess child developmental outcomes. Nonetheless, the excluded interventions may still contribute valuable information to the field (22, 81). Second, the overlap in the classification of the sub-categories of the moderators presents challenges in delineating the specific impact of the moderator factor on the effectiveness of the intervention. For example, although the number of sessions (<12 vs. ≥12), age of the child at enrolment (<12 months vs. ≥12 months), study context (Rural vs. Urban/Peri-Urban), dosage (≤ 2 times/month vs. > 2 times/month), duration of training for delivery agents, among other factors, are classified into simplified binary or categorical variables, there are variations within these sub-categorizations which can have varying moderation on the overall effectiveness of the interventions. Nonetheless, such broader categorizations, as in the case of our analysis, are feasible given the limited number of studies currently available within this field. Although we conducted meta-analysis only for neurodevelopmental outcomes with 5 or more studies, we found that for the moderation analysis, some of the sub-categories of the moderator variables had fewer than 5 studies. This was specific for the moderators on delivery agents in both motor and language sub-domains, for duration of the intervention (in the language domain) and maternal education (in the motor domain). This may potentially attribute to the statistical non-significance of these moderators. Besides, there are additional factors that are theoretically important in explaining the heterogenous effect sizes but could not be evaluated with the limited evidence base (82). Examples include the timing (e.g., from birth vs. 12 months), the level of adaptation of intervention curriculums and assessment tools to the local context, and the quality of implementation (e.g., fidelity, training, supervision). Nonetheless, we have narratively summarized in more detail some of these implementation features and draw lessons for future research. Third, we did not conduct meta-regression to assess the unique effect of each moderator on intervention effect sizes while controlling for other moderators, owing to a small number of studies. Instead, we computed effect sizes separately for each moderator and therefore, the estimates should be interpreted with caution because overlap among the moderators was not accounted for. It is plausible that in an adjusted moderation analysis (i.e., when more than one moderator is included in the same model), statistical significance may shift and become attributable to other moderating factors than those currently identified in the un-adjusted analyses. Therefore, in the future where more studies are available in this field, adjusted meta-regression will be more informative in elucidating the implication of intervention characteristics on the effectiveness of parenting interventions with components of psychosocial stimulation or responsive caregiving on cognitive, language, motor and socio-emotional skills development of children.



CONCLUSION

Notwithstanding the limitations noted above, this review provided a valuable synthesis of the evidence on parenting interventions for children under age two in low- and middle-income countries. In spite of the promising effects, this is still a small area with significant potential to grow. We noted several directions that warrant further investigation. First, inadequate nurturing care often co-occurs with other risks in the environment, such as maternal mental health problems, lack of social support, and exposure to violence within the family and community. It may be beneficial to explore integrative models that combine nurturing care with other interventions that address environmental risk factors. One example of such models comes from rural Uganda, where researchers incorporated modules promoting paternal involvement and maternal mental health into a nurturing care intervention (46). Second, in spite of the converging evidence for short-term benefits on early child development, there is still a dearth of follow-up studies examining the extent to which demonstrated effects sustain later in development. Evidence from a small-scale intervention of stunted 9- to 24-month children in Jamaica suggested promising long-term benefits on educational, social-emotional, and economic outcomes at 22 years of age (22, 83, 84). In contrast, follow-up studies from two more recent RCT trials of children from rural Pakistan (39, 85) and urban Colombia (40, 86) produced mixed findings on whether the intervention effects are sustained 2 years after the intervention. Clearly, more research is needed to better understand the long-term benefits of early interventions and whether booster interventions at a later stage are needed. Third, despite the overall positive effect for children who received early interventions, the mechanisms (i.e., why the intervention works) and specificities (i.e., in what contexts and for whom the intervention works more or less) the effectiveness are still not well-understood. Only a small number of studies examined the mechanisms (e.g., maternal sensitivity, home stimulation) through which the intervention had an impact on child outcomes (46, 87, 88). Researchers have just begun to explore child and family characteristics (e.g., biological sensitivity, socioeconomic status) that may account for the differential intervention effects (58, 89). In light of this, we call for more investigations in this arena using existing data and future research.

Finally, nurturing care interventions in LMICs have been mainly implemented in low-income populations and populations at risk for undernutrition and rarely in other adverse contexts, such as those affected by armed conflicts and forced migration. In recent years, researchers have brought attention to the value of nurturing care interventions in fragile and conflict contexts and their potential to reduce violence and promote peace (4, 90). The Early Childhood Peace Consortium is one such innovative approach aimed at peacebuilding through investment in early child development (91). Although this work is still in the infancy stage, preliminary evidence has shown a promising effect on violence reduction and child development (9, 92). With an eye toward the future, more research with more detailed documentation of the intervention and implementation features is needed to understand what works, what contexts, and why in early parenting interventions.
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Stage 2 piloting: without specific engagement strategy

Pair intervention Group intervention Pair intervention
04 n=153 (motivational meetings)
n=144

Session n (%) Session n (%) Session n (%)
1 173 (85%) 1 121 (79%) 1 42 (95%)
2 138 (67%) 2 100 (65%) 2 36 (81%)
3 o7 (47%) 3 82 (54%) 3 38 (87%)
4 68 (33%) 4 83 (54%) 4 36 (81%)
5 47 (23%) 5 67 (44%)
6 30 (16%)

Stage 3 piloting: with specific engagement strategy

Group intervention
(half liter bottle of oil)

Session

FNIERR

n=118

n (%)

100 (85%)
108 (91%)
109 (93%)
109 (93%)
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Mothers’ perceptions and understanding of the parenting sessions.
Interviews with mothers attending pair sessions

Interviews with mothers attending group sessions

Mothers opinions on the session n=23 Mothers understanding of the sessions
n (%)
Mother believes programme is important for her chids 19 (82%) Book activity reported by mother was appropriate to the
development chid's age
Mother reports other family members believe the programme 16 (65%) Toy 1 activity reported by mother was appropriate to the
is important chid's age
Likes the toys 10 (43%) Toy 2 activity reported by mother was appropriate to the
chid's age
Mothers’ reasons for missing sessions n=18n(%)  Language actiity reported by mother was correct for the
chid's age
No incentive given 18 (729%) Mother recalled the developmental message
Farmily members discouraged attendance 7 (39%) Mother followed the nutritional acvice
Sessions are not important for the development of their child 6(33%) Mother practiced the activity at home
Every day
Toys were not attractive and interesting 6 (33%) 3-4 times a week
Live far from clinic 5(28%) 1-2times a week
Involvement with earning sources 4(22%)

Perceptions of health staff on the enablers and barriers to successful implementation of the parenting sessions

Enablers
- CC staff believed that the activities introduced through the curriculum are suitable for young chidren and will help children's development.

- Most CC staff enjoyed conducting the sessions and believed that conducting the parenting sessions was an appropriate part of their role.
Barriers

- Mothers expect to be provided with food supplements or medicine when they attend clinic.

- Family members were not motivated well during the recruitment process and hence they were not always supportive of the mother attending the
sessions,

Some mothers do not like the home-made toys and they find them unattractive.

Delivering so many toy activities is difficult. It is hard to keep the interest of the mothers and children and to organize the materials.

- The curriculum manual was difficult to use during the session: it was too large and difficult to navigate between the sections.

- It was dificult to conduct so many sessions and continue to meet the demands of their regular workioad.

- It was difficult to handie chidren of different age groups, especialy in the group curriculum.

Observations of supervisors attending the sessions

Enablers

- Health staff used many of the key training techniques while conducting the sessions including demonstrating the toy and book activities and the
encouraging mothers to practice.

- Health staff had a positive attitude to conducting the sessions and were willng to make time in their schedlule to conduct the sessions.

Barriers

- Language activities were often given insufficient emphasis. The health staff tended to be more didactic in introducing these activities and rarely asked
mothers to practice the activities with their child.

- There was too much time spent on discussion, especially in the group sessions and the children became tired, fussy and restless when they were not
engaged in activities.

- The health staff found it difficult to organize the materials for the session in the small space available.

- There were too many toy activities in the curricula and the health staff sometimes mixed up the toys and activities and delivered age-inappropriate
messages.

- The curriculum manual was unwieldly to use as the CC staff needed to switch between several sections This led to pauses in the session as the CC
staff found the correct page and children and mothers became distracted and bored.

- Attimes mothers and children would be required to wait for the CC staff as they continued to deal with patients attending the clinc.

- In the group clinics, it was difficult to gather all mothers at the same time and this could lead to long waits for mothers and children who arrived first.

n=19
n (%)

10 (53%)

12 (63%)

15 (79%)

12 (63%)

12 (63%)
15 (79%)

8(42%)
10 (53%)
1(5%)





OPS/images/fpubh-08-567689/crossmark.jpg
©

2

i

|





OPS/images/fpubh-08-567689/fpubh-08-567689-g001.gif





OPS/images/fpubh-08-608173/fpubh-08-608173-g001.gif
F L TRSetulicy Aot RSy it Ko N Sy ool

Frieeicn

- Adpt e Rech U and e b i conclon o s by ot Kl ks incommty
s Wil pars o e <y

‘roupinensaton

Adehe R adLesm e g o for s b g ek worker i oy
s Wil rops o 4. <l s

P d o ot pr and rvp s or e

!

Piteing o adotcd i curicus andgroup curricls

Sge:

[

P sssons e o n S conmunty s ilhapprox 10t <hlddadsclin (o204
S el dmcrd s s

i sssons o e rup e cton n 4 communt s with ppr 0 et <k dy sl
ey

52 i st s dtred e sssion
ey snblers ndbaers 0 el iplecation

|

Revied par cuman s rvp curiols
Engagsmentsiegcs dslopd b ki nsigs 5

St : Pl revised i andsoup il and xgegement i

prom———
Pl sesionof e e ccnin 2 conmuty s with g 20 <A sl (o-44)
6 e st s dcred e sesios.
ey erblrs nd b o ol iplrcrian
‘Guplnisnenon

Pl scssion o e roup o in o commerity i i appro. 50 ol i hadlve
ey

2 e bl il e e sesios
ety bl and s o s

pr——

!

il erion ofpit and 1o sumul and cgagement s






OPS/images/fpubh-08-608173/fpubh-08-608173-t001.jpg
Content and structure
of pair curriculum

Content and structure
of group curriculum

Engagement of
mothers

Engagement of health
workers

Stage 1: First draft of adapted
intervention

- Each session included four toy activties,
one picture book activity, one language
activity, a song and a developmental and
nutritional message.

- Developmentally appropriate toy, book
and language activities were developed
to be suitable for each month of a child's
age (e.., separate activites for 12
month olds, 13 month olds etc).

- Nutritional and developmental messages
and the song were conducted with both
mothers together.

- The curriculum was provided in one.
large manual divided into separate
sections for each of the activities
conducted during the session.

- Each session included two toy activites,
one picture book activity, one language
activity, a song and a developmental and
nutritional message.

- Toy, book and language activiies were
developed for chidren in four age
bands: 6-11 months, 12-18 months,
19-80 months, and 31-36 months.

- Nutitional and developmental messages
and the song were conducted with all
mothers together.

- The curriculum was provided in one
large manual divided into
separate sections.

- Mothers of undernourished fving within
45 min walk of the community clinic
were recruited.

- Health care staff set the schedule for
the sessions.

- In community clinics piloting the pair
sessions, between 9 and 11
sessions/week were conducted.

- In communtty clinics piloting the group
sessions, 4-6 sessions/week
were conducted.

Summary of problems identified in
piloting the adapted interventions in
stage 2

- It was not feasible to introduce four toy
activities in each session because: (1) It
was difficult for the health workers to
manage so many different activites, (2)
there was too many different activities
for the mothers to remember and, (3)
due to the limited space, it was not
possible to have so many different toys
in each session.

- Itwas difficult for the health workers to
use the large curriculum manual.

- The language activities were largely
based on discussion and the health
workers would often miss or dedicate
insufficient time to these activties.

- There was limited interaction between
the mothers, especally if the chidren
were of different ages.

- It was difficult for health workers to
manage the chidren of difierent ages
and to ensure that each mother-child
dyad received the correct
age-appropriate activity.

- Mothers were confused about the
specific activities that they were
supposed to do with their child at the
end of the session.

- The nutritional and developmental
messages were too long and the
children would become tired and fussy.

- The health workers would often miss or
dedicate insufficient time to the
language actiities.

- Health workers found it difficult to
navigate the curriculum manual during
the session.

- Poor attendance of mothers due to (1)
the distance from the ciinic, (2) attitude
of family members to the sessions, (3)

lack of interest in attending the sessions,

(4) expectation of receiving incentives
and/or food for attending.

- Mothers were left waiting prior to the
start of the session because (1) other
mothers were late and (2) health staff
were engaged with patients.

- The additional workload for the health
workers in the community clinics was
demotivating and they reported that it
was 100 burdensome to conduct so
many sessions.

Revisions made after piloting the
interventions in stage 2

We reduced the number of toy activities

totwo per session (rather than four).

- We produced two separate curriculum
manuals, one for the play activities and
a different manual for the other activities
to make it easier for the health workers
to navigate.

- We made the language activities more
practical and concrete by for example,
including objects, actions and games.

- We included a greater focus on

encouraging interaction between

mothers. This included adding some:
common activities with the picture book,
singing together and ensuring the
nutitional and developmental message
were delivered in a collaborative and
interactive way.

- We reduced the number of toy acthities
to one per session (rather than two).

- We asked mothers with children within
the same age range (6-11 months,
12-18 months, 19-30 months, 31-36
months) to sit together so that it was
easier for the health workers to conduct
activities by child age.

-We removed the developmental
message from the curriculum.

- We made the language activities more
practioal and concrete including objects,
actions and games.

- We prepared cards with a summary of
ach session to supplement the
currioulum manual. These cards were
used deliver the session.

- We recruited mothers who lived within
a 80-min walking distance from the
ciinic only.

- We designed two different engagement
strategies to be tested in stage three: (1)
community motivational meetings, and
(2) giving botles of oil as an incentive.

- Health staff and mothers meet to set a
convenient time for the sessions when
the clinic was likely to be relatively quiet.

- We reduced the number mother/child
dyads who woud be enrolled in
the programme (by 50% for the
pair intervention and by 25% in the
group intervention).

- In community clinics conducting the pai
intervention, the number of sessions was
reduced to 4-5/week.

- In community clinics conducting the
group intervention, four sessions/week
‘were conducted.
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Study

Context of the sample
Rural

Utban/Peri-Urban

Child age at enrolment
<12 months

>12 months

Maternal education

< primary

> primary

Mode of delivery
Individual visits alone
Group sessions or group together with individual
Dose of delivery

< 2 times/month

> 2 times/month
Number of sessions
<12

=12

Duration of intervention
<12 months

>12 months

Delivery agents

Trained Paraprofessionals with previous experience
in the healthcare system

Trained Paraprofessionals without previous
experience in the healthcare system

Mixed Paraprofessionals and/or health professionals
Duration of training of delivery agents

2 weeks or more

Less than 2 weeks.

Details not reported

Cognitive

Mes [95% CI]

0.48 [0.29, 0.67]

034 [0.19,0.46)

0.49(0.24,0.75]
0.33[0.23,0.43)

0.48 [0.28, 0.67)
0.34 [0.20, 0.47]

0.28(0.19, 0.36]
053 [0.33,0.73)

0.46 [0.19,0.73)
0.41[0.29,0.52)

0.42 [0.28, 0.56)
0.44 [0.27,0.62)

0.46 [0.27, 0.66)
0.370.19, 0.56]

0.46 (0.31,0.60)

032 [0.28,0.43)

0.58(0.08, 1.08]

0.33[0.23,0.43)
057 [0.22,0.92)
0.45 [0.29, 0.57)

Qpotwoen & p-value

Q=148,p =022

Q=13,p=025

Q=132,p=025

Q=499,p=003

Q=0.12,p =073

Q=003,p =081

Q=037,p=054

Q=272,p=026

Q=329,p=0.19

Bolded results indicate that there is statistically significant variation in effect size across the groups.

o

Language

Mes [95% CI]

0.40 [0.21, 0.59)
0.20 [0.04, 0.44)

033 [0.03, 0.63)
027 [0.12,0.42)

0.45 [0.25, 0.64)
0.17 [-0.01,0.35)

0.170.004,0.33]
0.38[0.19, 0.57)

031 [0.02, 0.59)
037 [0.20,0.54)

0.12(~0.04,0.28]
0.4 [0.25, 0.63)

030 [0.10, 0.50)
0.43(0.18,0.74)

0.33(0.08, 0.58)

032 [0.05, 0.59)

0.35 [~0.04, 0.75)

023 (0.06, 0.40)
0.45(0.21,0.70)
033 [0.18, 0.50)

Qbetwoen & p-value

Q=169,p=019

Q=0.14,p=0.71

Q=4.25,p=004

Q=269,p=010

Q=0.12,p=073

Q=6.24,p =001

Q=050,p=048

Q=002,p=09

Q=23,p=031

4

Motor

Mes [95% CI]

0.29(0.17,0.41)

0.11[0.02,0.19)

027 0.11,0.44]
0.10 [-0.03, 0.23)

025 (0.13,0.38)
0.12[0.01,0.23)

0.08(-0.02,0.18)
031[0.19,0.44)

0.20 [~0.04, 0.44)
021 [0.08,0.34)

0.22 [~0.04,0.48)
0.20(0.07,0.33)

020 (0.03, 0.36)
0.21 [0.05, 0.38]

0.15(~0.14,0.43]

0.18 [0.05,0.32)

0.27 0.02,062]

0.13(0.03,0.23)
027 0.11,0.43]
0.16(~0.16, 0.46]

Quotwoen & p-value

Q=5.20,p = 0.02

Q=260,p=0.11

Q=229,p=0.13

Q=17.59,p = 0.006

Q=0.01,p=094

Q=0.02,p=089

Q=0.02,p=0.89

Q=051,p=077

Q=23,p=031
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Abimpaye (55)

Aboud (48)

Aboud (54)

Attanasio (40)

Attanasio (59)

Barnhart (57)

Chang (41)

Gardner (50)

Hamadani (43)

Jin (53)

Luoto (56)

Muhoozi (42)

Murray (58)

Nahar (44)

Powell (51)

Rockers (49)

Singla (46)

Tofail (45)

Vazir (47)

Walker (52)

Yousafzai (39)

Intervention and
Control groups used
in the analyses

Full touch vs. Control
Nt = 486 Ney = 479

RFS vs. Control
Nt = 99 Ny = 101

Intervention vs. Control
combined younger and
older groups

Nt = 221 Negy = 226

Stimulation (/o
supplementation) vs. no
stimulation (contro)

N = 318

318

Intervention vs. Control
N = 628

Newt = 707

New

Intervention vs. Control
Ny = 19
New = 22

Intervention vs. Control
Ny =216
New = 210

Stimulation vs. no
stimulation (contro)
Ny =21

Ney = 38

Intervention vs. Control
Nt = 92

New = 101

Intervention vs. Control
Nit = 45
New = 42

Group-only model (¥
=346)
Mixed-delivery model (V
=373
Control group (N = 351)

Intervention vs. Gontrol
Ny = 243

Intervention vs. Control
N = 127
New = 136

Stimulation (PS) vs. no
stimulation (CC, & CH)
Nt =59

New = 118

Intervention vs. Control
Nit = 65
Ny =64

Intervention vs. Control

Intervention vs. Control
Nt = 160
New =131

Stimulated

vs. Unstimulated
combined IDA and.
NIDA groups

Nt = 224 Ney = 210

Stimulation (RCF & PG)
vs. Control (CG)

Ny = 153

Ney =182

Intervention vs. Control
Niyt =63
New = 68

Stimulation (/o
nutrtion) vs. no
stimulation (nutrition
and control)

N = 701

Nety = 680

Curriculum

First Steps parenting program with
curricula around responsive caring and
bonding, playful learning, care of physical
health, and access to and use of baby
books.

Responsive parenting (feeding and
stimulation) added onto the regular
program (see details in the control arm).

Parenting practices related to health,
nutrition, communication, and play.

Play activities using low cost or
homemmade toys, picture books, and form
boards adapted from the Jamaica Home
Visiting program.

Play activities adapted from the Jamaica
Home Visiting program and messages on
feeding and nutriion plus nutritional
supplement

12 modules on: children’s development,
nutrition, health, and hygiene; coaching
parents on responsive parenting and
“serve and return” interactions; reducing
violence; strengthening parental problem
solving skills and social support;
promoting early language learning and
school readiness

Messages on topics of love, responding
and comforting, talking to chidren, praise,
using bath time to play and learn, looking
at books, simple toys to make, drawing
and games, and puzzies shown in short
films with discussion, demonstration, and
practice afterward.

Mother-chid play activities to stimulate
cognitive, language, fine motor, and
problem-solving skils based on the
Jamaica Home Visiting program.

Play activities emphasizing the importance
of praising children, giving positive
feedback, chating with them, labeling
things in the environment, and
discouraging punishment with low-cost
toys and books based on the Jamaica
Home Visiting program added to the
nutrition program

Counseling using Mother's Card with
messages on promoting effective play and
communication between a caregiver and
child with demonstration, practice, and
problem-solving based on the WHO
program.

Msingi Bora (Good Foundation) curriculum
‘adapted from previous parenting programs
in LMICs. Itinvolved 6 sessions with
messages on 5 key practices: responsive
play, responsive communication, hygiene,
nutrition and love and respect in the family
Anutrition education program on
complementary feeding plus messages on
hygiene, sanitation, and play

Counseling mothers in sensitive and
responsive interactions with her infant
based on principles of the WHO program
and another program plus the regular visits
(see details in the control arm).

Play sessions with low-cost toys with
mother-child pairs and parental education
on child development, the importance of
play, chatting and praising the child with
demonstration on incorporating play into
daily activities plus routine care (see details
in the control arm).

Demonstrate age appropriate play
activities using home-made toys and
books and discuss parenting issues,
including the importance of praise,
attention, and responsiveness, appropriate
discipline strategies, child nutrition, and
ways to promote chidren's play and
leaming.

Group meeting on cognitive stimulation
and play practices, child nutrition and
cooking practices, and self-care for good
mental health; home visits on health
monitering and counseling on using health
services.

Five messages related to child care (play,
talk, diet, hygiene, and love and respect)
were delivered to groups of parents
through demonstration, practice, and
role-playing activities. Maternal well-being
and father's involvement were also
discussed in separate sessions.

Activties for mothers on how to play with
toys and interact with ther children in a
way to promote their development
modified from the Jamaica program. IDA
group received iron syrup for the first 6
months.

Mothers received 11 messages on
complementary feeding, 8 messages on
responsive feeding, and 8 messages and
activities on stimulation using five simple
toys over and above the routine services.

Mothers received training on having
conversations with the infant, responding
toinfant's cues, showing affection, and
focusing infant’s attention on the
environment.

Caregivers received trairing on sensitiity
and responsiveness through
developmentally appropriate play activities.
Enhanced nutrtion provides knowledge
about the associations between good
nutrition and health, additional advice on
responsive feeding, and development of
counseling skills and problem solving
about feeding and micronutrient powder.

Mode of
delivery

Group sessions

Group sessions

Group sessions

Intervention Arm

Dosage and duration

Weekly group sessions for 17
weeks

5 weekly group sessions for 1-2
months plus 1 booster session 5
months after across 7 months

14 group sessions fortnightly for 4

for one months and monthly for 6 months
subgroup; across 10 months; 1 to 5 visits of
indvidual vists  10-min counseling at home and
for another clinics.

subgroup.

Home visits 78 weekly home visits for 18

Group sessions

months.

24 weekly group meetings and 24

and home visits  monthly home visits across an
average of 45 weeks
Home visits Weekly (60-90min of 12 modules)

Group sessions

for 12-16 weeks

5 group sessions during routine

at the clinic visits at the health center at 3, 6, 9,
12, and 18 months of age across
16 months

Home visits 24 weekly home visits for 6 months

Group sessions
& home visits.

Home visits

Group sessions

& Home vi

Group sessions

Home visits

Individual visits

~44 group meetings weekly for 10
months and bi-weekly for 2 months
& ~80 home visits twice weekly for
8 months and weekly for 4 months.
across an overall duration of 12
months

2 home visits: once at the baseline
assessment and once within 6
months of the first counseling
session

Group-only model involved 16
sits group sessions delivered fortnightly.
Mixed-delivery involved 16 group
sessions delivered fortnightly and 4
home visits

3 main group sessions each lasting
6-8h supplemented by monthly
group meetings & home visits to
encourage practice and adherence
across 6 months

16 home visits: twice during the 3rd
trimester of pregnancy, weekly for 2
months postpartum, fortnightly for 2
months, and monthly for 2 months
across 8 months

9-12 visits: fortnightly for 3 months

atthe ciinic and fortnightly (35% of the sample)
to monthly for 3 months across 6
months

Home visits 50 weekly home visits for 12

Group sessions
& home visits

Group sessions

Home visits.

Home visits

Home visits

Group sessions
& home visits

months

24 fortnightly home visits on health
and nutrition

& 20 fortnightly group meetings on
stimulation for 12 months

12 group sessions fortnightly over 6
months

&1-2 home visits to review the
messages & 1 booster session 2
months after intervention

36 weekly home visits for 9 months

30 home visits: twice per month for
3 months, 4 times per month for 3

months, and twice per month for 6
months across 12 months

8 weekly home visits for two
months

24 monthly home visits & 24
monthly group sessions for 24
months

Facilitator

Local volunteers with at
least 9-year education

Young women from the
vilage with  grade 9
education

Young women from the
vilage with grade 10
education for group
sessions; family welfare
assistants for individual
counseling.
Community mother
leaders

Wornen in the
community with a high
school degree

Community Based
volunteers with abiity

to read, wite, and count
in Kinyarwanda and
committed to young
children and

family values

Community health
workers

Community health
workers

Literate women from the
vilage

Health professionals

Community health
volunteers

An education team of 4
trained persons with
bachelor degrees in
nutrtion & village heath
team leader or mother
leader

Mothers from the
community

Female health workers
with 810 years of
education

Community health aides

Child Development
Agents for home visits &
head mothers for group
sessions

Community health
workers

Female play leaders
from the village with
9-12 years of education

Women from the vilage
with high school
education

CGommunity health
worker

ladly health workers

Control Arm

No intervention except
for the book seller
activities that were run in
both control and
intervention sites

The regular program
provides 12
informational sessions
delivered by community
health workers on
health, nutrition, and
child development for 7
months.

Government standard
care by family welfare
assistants on feeding
and hygiene.

Micronutrient
supplementation for
supplementation
control; unclear for
regular control
Government program
Which was also ran in
intervention groups

Only Social protection
(cash-for-work
opportunities and direct
support via cash
transfers)

Routine care at the clinic:

Routine care or placebo
delivered by community
health workers weekly

Nutitional surveilance
and supplementation
program

Unclear

No intervention

Unclear

Fortnightly visits by
community health
workers monitoring
maternal and infant
health.

Routine care at the clinic
on growth monitoring,
health education,
micronutrient
supplementation, and
other health care.

Unclear

Routine care

Received nutrition
information at the end of
the baseline interview

Visited weekly on
monitoring child's health
status

Routine services on
breastfeeding and
complementary feeding,
growth monitoring, and
provision of
supplemental food.
unclear

Lady health workers
provided
standard-of-care
services on health,
hygiene, and basic
nutrition education.
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Study Cognitive Language Motor Social-emotional
Abimpaye (55) AsQ AsQ ASQ AsQ
Aboud (48) - Bayley Il - -
Aboud (54) Bayley Il Bayley Il - -
Attanasio (40) Bayley lll Bayley Il Bayley lll -
Attanasio (59) Bayley Il Bayley ll Bayley Il ASQ: SE
Barnhart (57) AsQ Malawi Developmental Assessment  Malawi Developmental Assessment ~ ASQ
Tool, ASQ Tool, ASQ
Chang (41) Griffths Griffths Griffths -
Gardner (50) Griffths Griffths Griffths -
Harmadani (43) Bayley Il - Bayley Il Behavior ratings.
Jin (53) Gesell Schedule Gesell Schedule Gesell Schedule Gesell Schedule
Luoto (56) Bayley Il Bayley ll - Wolke Scale
Muhoozi (42) Bayley Il Bayley Il Bayley lll AsQ
Murray (58) Bayley Il - - -
Nahar (44) Bayley Il - Bayley Il -
Powell (51) Griffiths Griffths Griffths -
Rockers (49) Saving Brains - Saving Brains -
Singla (46) Bayley ll Bayley ll - -
Tofail (45) Bayley Il - Bayley Il Behavior ratings.
Vazir (47) Bayley Il - Bayley I =
Walker (52) Griffths Griffths Griffths -
Yousafzai (39) Bayley ll Bayley Il Bayley ll Bayley lll

ASQ, Ages and Stages Questionnaire; ASQ: SE, Ages and Stages: Social-Emotional; Bayley I, Bayley Scales of Infant and Todler Development i Grifths, Griffths Mental Development
Scales; Gesel Schedule, Gesell Development Schedles; Saving Brains, Saving Brains Early Child Development Scale; This study used 11 items and a different scoring system from
the Bayley Language subscale.
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2601 records 03 additional
identified records
through identificd
database through other
searching sources

)

2204 records after
duplicates removed

1

2202 records
screened

v
161 full-text SRs
assessed for
eligibility.

1
31 SR included

2043 records
excluded

130 full-text articles
excluded with reasons

Updates / protocol
of SRs: 16

Ouplicates: 01
Not SR 80

bifferent population: 11
Different intervention: 06

Outcomes not of
interest: 16
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Domain Item Tier Number of countries

Literacy 1. Names at least 10 letters 2 5
Literacy 2. Reads four simple words 2 3
Literacy 3. Reads/follows the text in a correct direction from left to right and from top to bottom? (even if they cannot read) 1 4
Literacy 4. Writes at least three letters or some letters in his/her name 1 4
Literacy 5. Wiites a simple word 1 4
Numeracy 6. Can count from 1 to 10 3 4
Numeracy 7. Gan count from 1 to 20 1 4
Numeracy 8. Knows the difference between tall and short sing two animal examples. 2 6
Numeracy 9. Knows the diference between heavy and light using two animal examples. 3 6
Numeracy ~ 10. Can tellif itis yesterday, today, or tomorrow 1 4
Numeracy 1. Knows that a one-digit number is more than another one-digit number (e.g., 4 is more than 2) 1 4
EF&SE 12. Pays attention when doing an activity 2 2
EF&SE 13. When asked to do several things, remembers al the instructions 2 6
EF&SE 14. S/he is able to plan ahead 2 5
EF&SE 16. Stops an activity when told to do so 3 7
EF&SE 16. Keeps working at something until s/he is finished 2 hd
EF&SE 17. Gets along with other children s/he plays with 3 6
EF&SE 18. Adjusts easily to transitions (for example, to a new teacher or classroom) 2 5
EF&SE 19. Accepts responsibilty for his/her actions. 3 7

3 6

EF&SE 20. Settles down after periods of exciting activity

“Literacy” refers to the Early Literacy developmental domain, “Numeracy” to the Early Numeracy developmental domain, “EF&SE” to the Executive Functioning & Social-emotional
Competencies development domain. “Number of countries” refers to the number of countries in which the item was included in the caregiver report.
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Domain

Literacy
Literacy

Literacy

Literacy

Literacy

Numeracy

Numeracy

Numeracy

Numeracy

Numeracy

Numeracy

Numeracy

Executive Functioning
Executive Functioning
Executive Functioning
Social-emotional

Task

1. Letter identifcation task
2. Listening comprehension task

3. Initial sound discrimination tasks

4. Letter sound identification tasks

5. Wiiting names

6. Number comparison task

7. Number identification task

8. Producing a set task

9. Simple addtion and subtraction task

10. Mental transformation task

11. Naming shapes task

12. Object spatial position identification task
13. Head Toes Knees Shoulders task

14. Pencil tap task

15. Forward and backward digit span task
16. Emotion identification task

Total items

MM -0 wd0o0O0NO R

S

56

Tier level

2z

O 402N+ 000 == =0on

22

w

cCoo--0mMOOOOOS=O0®O

9

Number of
countries.
Total items

17 10
4 10
3 7
2 2
1 7
1 8
10 10
3 10
5 10
3 6
3 4
4 10
12 8
12 3
3 10
1 7
84

“Literacy” refers to the Early Literacy developmental domain, “Numeracy” to the Early Numeracy developmental domain, “EF” to the Executive Functioning Developmental Domain, and
“Social-emotional” to the Social-emotional Competencies development domain. “Number of countries” refers to the number of countries in which the task was included in the child

direct assessment.
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Country (Year) Caregiver report Direct assessment

Total <48 48-60 60-72 >72 Total <48 48-60 60-72 >72
n mos mos mos. mos n mos. mos mos. mos.
Ethiopia (2017) 212 14 57 124 17 1,144 30 150 399 565
Kenya (2017) 2,647 521 1,207 683 216
Laos (2016) 9,353 1,150 1,929 2,286 2,146 9,353 1,150 1,929 2,285 2,146
Lesotho (2017) 985 4 192 529 135 985 4 192 529 135
Madagascar (2016) 200 35 77 63 25
Mongolia (2015) 2,959 926 1,914 101
Nigeria (2019) 160 1 16 42 23 160 1 16 43 23
Pakistan (2018) 672 206 254 144 41 672 206 254 144 41
Sudan (2015) 166 1 4 56 25
Tanzania (2017) 1,165 22 64 214 650
Central American country (2016) 696 134 221 265 65 814 356 265 65 o
South American country (2017) 8,737 0 30 1,479 2218 4,468 0 1,911 2,562 4
Total 16,015 1,544 2,776 4,932 4,670 24,533 2,291 6938 8885 3,908

“n’ refers to sample size. Any discrepancy of sample size by age and the total sample size s due to missing data on chicren’s age for some participants. Empty rows in a country
indicate that the country team diid not administer the measurement tool as part of their project. The Central and South American countries shared their data on condition of anonymity.
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Caregiver report questionnaire

Early literacy 17 items
Early numeracy 24items
Executive functioningand 41 items.
Social-emotional

competencies

Child direct assessment

Early lteracy 50 items
Early numeracy 42 items
Executive functioning 46 items
Social-emotional 8items

competencies
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Item statistic

CTT difficulty. The proportion of
examinees answering the item correctly
CTT discrimination. It refers to the item’s
capacity to distinguish examinees with
high and low abilty based on their total
score

Item contribution to internal
consistency. Each item contributes to
increase or decrease the internal
consistency depending on its amount of
covariance with other items measuring a
common developmental domain
Developmental domain internal
structure. ltems should be associated
with the domain they intend to measure.
CFA techniques empirically determined
this relationship

Relationship with age. Given its
association with psychological
development, age could be considered an
external criterion to identify items that
intend to measure development

IRT estimates. These additional tem
level statistics inform about optimal
difficulty or discrimination

“1PL” and “2PL" refer to the Rasch and two-parameter logistic IRT models. “CFA” refers to Confirmatory Factor Analysis.

Inclusion criteria for
dichotomous items

Items with difficulty between 0.10 and 0.90 were

included

* Item-domain correlation above 0.30

 Item-domain correlation with item excluded from
domain total score above 0.10

* ltem-total test score correlation above 0.25

tems that increase Cronbach’s Alpha coefficient when
included as part of the developmental domain

* Items with standardized factor loadings above 0.40
« Items with positive standardized factor loadings below
0.40 were reviewed by experts

« Categorical regression models that prediict the item
response based on age and sociodemographic
covariates (e.g., gender, preschool enroliment status,
mother's education level, if available)

« Items with a positive regression coefficient for age

« 1PLand 2PLIRT item difficulty included between 3

and3

2PL item discrimination above 0.50

Inclusion criteria for
ordinal items

Items with <0.90 of the cases scoring on either the

highest or lowest answer options were included

* Item-domain correlation above 0.30

* ltem-domain correlation with item excluded from
domain total score above 0.10

+ Item-total test score correlation above 0.25

Items that increase Cronbach's Alpha coefficient when
included as part of the developmental domain

* Items with standardized factor loadings above 0.40
+ Items with positive standardized factor loadings below
0.40 were reviewed by experts

* Ordinal regression models that predict the item
response based on age and sociodemographic
covariates (e.g., gender, preschool enrollment status,
mother's education level, if available)

« Items with a positive regression coefficient for age

* GRM item discrimination above 0.50
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Participant/household characteristics

Mothers age in years (mean; SD)
Mothers education

lliterate

Primary (1-6)

Secondary (6-10)

Higher secondary

Graduate and above

Fathers age in years (mean; SD)
Education group

lliterate

Primary (1-5)

Secondary (6-10)

Higher secondary

Graduate and above
Household characteristics
Caste category

Schedule caste

Schedule tribe

Other backward classes
Open/general

Wealth index

1st Quintile

2nd Quintile

3rd Quintile

4th Quintile

5th Quintile

Average family size, (mean; SD)
Below poverty line (as per the governments Guidelines)

No (%)

23.79 3.57)

118.37)
12/(3.68)
156 (47.85)
100 (30.67)
47 (14.42)
2959 (3.63)

13 (3.99)
23(7.08)
175 (63.68)
82 (25.15)
33(10.12)

24 8.11)
141(47.64)
123 (41.56)

8(2.70)

49 (15.09)
58 (17.79)
83(25.46)
75 (23.01)
61 (18.71)
4.86(1.91)
145 (44.62)
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Green N (%) Yellow N (%) Purple N (%)  p-value

Chid Basdine 20(403)  37(514)  06(83)  chi2=9.691
Endpoint 60 (63.8) 27 (28.7) 07 (7.4)  P-value =0.007

Parent Bassine  25(34.7)  32(44.4)  15(208)  chi2=0096
Endpoint  33(37.1)  38(427)  18(02) PValle=0952
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Levels of structure/organization N (%) P-value
A&B*  C*  D&E™
Chid Baselne  11(153) 39(542) 22(30.5) chi2=6.035
Endpoint  20(213) 60(63.8) 14 (14.9) p-value = 0.048
Parent Baselne  6(83)  47(653 19(26.4) chi2 = 0.689
Endpoint  11(12.4) 56(62.9) 22 (24.7) p-value = 0.708

*A & B-Highly structured or highly organized

*C-Parent organizes the situation to maximize the child's independence without exposing
the child to unnecessary danger

"D & E-Unstructured or too easy.
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Levels of emotional engagement N (%)

A&B*

Child Baseine 27 (37.5)
Endpoint 11 (11.7)
Parent Baseline 37 (51.4)
Endpoint 46 (61.7)

*A & B-Low engagement.

o

42(58.3)
82(87.2)
35(48.6)
43(48.3)

“C-Fully engaged/signs of parental interest.

*D & E-High distressed.

D &E™*

3(4.2)
1(1.1)
0(0)
0(0)

P-value

Chi2 = 18.041
p-value = 0.000

Chi2 = 0.001

p-value

0.970
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Dimensions

Emotional engagement

Structure and organization

Child perspective

No engagement.
Partial engagement.

C = Active engagement

D = Signs of discomfort or iritation or anxiety.

E = The child's agitation is evident.

Task limits growth since it is very challenging.
Learner can only partially tackle the task.

C = Task well-matched.

D = Taskis refatively easy limiting the child to
explore their potential.

E = Task is too simple.

Parent perspective

A =No engagement.

B = Partial Engagement.

C = Adequate engagement.

D = Signs of discomfort or ritation or anxiety.

E = Parental agitation is evident.

A = Parent provides too much support, dominating the activity.

B = Parent’s interference intermupts what the child is doing from time to
time.

C = Parent organizes the situation to maximize the child's independence
without exposing the child to unnecessary hazard.

D = Parent provides inadequate support.

E = Parent leaves child without support.
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CHILDREN <2 YEARS

Pasricha et al. (25)
(vomiting)

Pasricha et al. (25)
(diarhea
prevalence)

Pasricha et al. (25)
(constipation)

Pasricha et al. (25)
(any adverse
events)

Iron supplements

Iron supplements.

Iron supplements

Iron supplements

CHILDREN <12 YEARS

De-Regil et al. (28)

De-Regi et al. (28)

De-Regi et al. (28)

De-Regi et al. (28)
(any AE)

De-Regi et al. (28)
(nausea)

De-Regil et al. (28)
(any AE)

De-Regi et al. (28)
(diarrhea)

Mayo-Wilson et al.
(22) (incidence of
vomiting)

Mayo-Wilson et al.
(22) (prevalence of
vomiting)

Mayo-Wilson et al.
(22) (study
withdrawal)

Mayo-Wilson et al.
02) (study

withdrawal)

De-Regil et al. (31)
(aclverse effects)

De-Regi et al. (31)
(diarhea)

Low etal. (24)
(gastrointestinal
upset)

Low etal. (24)
(constipation)

Low etal. (24)
(vomiing)

Neuberger et al.
(1) (diarrheal
episodes per
patient-month by
Zn supplements)
Dewey et al. (40)
(diarrhez)

Dewey etal. (40)
(diarrhez)

Neuberger et al.
(1) (diarrheal
episodes per
patient-month
without Zn)
Neuberger et al.
(1) (diarrheal
episodes per
patient-month with
zn)

Iron supplements

Iron supplements

Iron supplements

Iron supplements

Iron supplements

Iron supplements

Iron supplements

Zn/iron
supplementation

Zniron
supplementation

Zn/iron
supplementation

Zn/iron
supplementation

Food fortification

Food fortification

Iron
supplementation

Iron
supplementation

Iron
supplementation

Iron
supplementation

Food Fortification

Food Fortification

Iron
supplementation

Iron
supplementation

#Included
studies

#Participants

1,020 children
between 4 and 23
months

1,697 children
between 4 and 23
months.

570 children between
4 and 23 months

912 children between
4.and 23 months

53 apparently healthy
children <5 years of
age

895 apparently healthy
children <5 years of
age

53 apparently healthy
children between 5
and 12 years of age
53 apparently healthy
children <12 years

64 apparently healthy
children <12 years

895 apparently healthy
children <12 years

122 apparently healthy
children <12 years

4,005 Children
between 6 months
and 12 years of age

35,192 Children
between 6 months
and 12 years of age

4,263 Children
between 6 months
and 12 years of age

557 Children between
6 months and 12
years of age

90 Preschool and
school-age children

366 Preschool and
school-age chidren

576
primary-school-aged
children between 3.3
and 15 years

202
primary-school-aged
children between 3.3
and 15 years

202
primary-school-aged
children between 3.3
and 15 years

23,912 children in
malaria enderic areas

808 children between
5.5and 18 years
1,195 children
between 5.5 and 18
years

17,566 children in
malaria endemic areas

6,346 children in
malaria endemic areas

Comparison

Iron supplementation
verses control

Iron supplementation
verses control

Iron supplementation
verses control

Iron supplementation
verses control

Intermittent
supplementation verses
placebo or no intervention
Intermittent iron
supplements verses dally
iron supplements
Intermittent
supplementation verses
placebo or no intervention
Intermittent
supplementation with iron
alone or with other
nutrients verses placebo or
no intervention

Intermittent
supplementation with iron
alone or with other
nutrients verses placebo or
no intervention

Intermittent iron
supplements  other
micronutrients verses dally
iron supplements = other
micronutrients

Intermittent iron
supplements  other
micronutrients verses dally
iron supplements = other
micronutrients

Zine supplementation
verses o zinc
supplementation

Zinc supplementation
verses 1o zinc
supplementation

Zinc supplementation
verses 1o zinc
supplementation

Zinc with iron
supplementation verses
zinc alone supplementation

Point-of-use fortification of
foods with MNP verses no
intervention or placebo

Point-of-use fortification of
foods with MNP verses no
intervention or placebo

Iron supplementation
verses
placebo/antihelminthic
therapy/Zinc/multi-vitamin
Iron supplementation
verses
placebo/antihelminthic
therapy/Zinc/multi-vitamin
Iron supplementation
verses
placebo/antihelminthic
therapy/Zinc/multi-vitamin
Iron vs. placebo or no
treatment

Treatment home
fortification verses control
Preventive home
fortification verses control

Iron vs. placebo or no
treatment

Iron vs. placebo or no
treatment

Meta-analysis

RR (95%C) = 1.38
(1.10-1.73)

P =0.006
P=1%

RR (95%Cl) = 1.03
(0.86-1.23)
P=078

P2 =0%

RR (95%Cl) = 0.54
(0.05-5.83)
P=049
P=71%

RR (95%C)) = 1.10
(0.98-1.25)
P=0.12

P =0%

RR (M-H, RE, 95%Cl)
=387 (0.19,76.92)

RR (M-H, RE, 95%Cl)
=0.60(0.19, 1.87)

RR (M-H, RE, 95%C)
=3.87(0.19,76.92)

RR (M-H, FE, 95%Cl)=
3.87(0.19,76.92)
P=037

P2 =NA

RR (M-H, RE, 95%C)

2.82(0.12,66.82)
P=052
P =NA

RR (M-H, RE, 95%Cl)=

0.60(0.19, 1.87)
P=038
2 =87%

RR (M-H, RE, 95%Cl)=
117 (0.60, 2.28)
P=065

P =NA

RR (95%C) = 1.68
(1.61,1.75)

P <0.,00001

P =85%

RR (95%C) = 1.29
(1.14, 1.46)
P=0.18

P =37%

RR (95%C)) = 1.75
(0.93,3.32)
P=028

P=21%

RR (95%Cl) = 1.41
(0.91,2.18)

P=078

2 =0%

RR (M-H, RE, 95%Cl)
=100 (0.16-7.42)
P>005

£ =NA

RR (M-H, RE, 95%Cl)
=097 (053, 1.78)
P=093

£ =0%

RR (95%C) = 1.30
(0.89-191)
P=02

P=0%

RR (95%C) = 3.44
(0.66-19.68)
P=02

P=6%

RR (95%C)) = 0.86
(0.13-5.67)
P=09

P =0%

RR (V, FE, 95%C)) =
1.15(1.06, 1.26)
P=00014

P =40%

—0.34 (~0.78,0.08)
P=002

RR (95%C) = 1.07
(0.78, 1.47)

P=072

RR (FE, 95%Cl) = 0.99
0.87,1.13)

P=093

P =0%

RR (V, FE, 95%C)) =
1.29(1.15, 1.44)

P =0.000017

P =30%

Quality of

evidence

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Low

Low

Low

Moderate

Low

NR

NR

NR

NR

NR

NR

NR

NR
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SR Intervention No of
included
studies

INFANTS

Das etal. (34) MMN fortification 7

Das etal. (34) Iron fortification 12

Geraetal. (37) Iron fortification 9

Salametal. (35) MNP 14

supplementation/fortiication

Das etal. (33) Zinc fortfication 3

CHILDREN <2 YEARS OF AGE

Pasricha etal. (25)  Iron 26

supplementation

De-Regiletal. (38)  Home fortification 6

Deweyetal.(40)  Home fortification 22

Geraetal. (44) Iron 29

(change in Ho) supplementation/

fortification

Geraetal. (37) Iron fortification 45

Deweyetal.(40)  Home fortification -

De-Regiletal. (33)  Home fortification 2

<5 YEARS

Thompsonetal.  lron 9

(26)end point)  supplementation

De-Regiletal. (28)  Iron 9

supplementation

Eichler etal. (36)  Iron + MMN 8

fortification

Eichler etal. (36) lron fortification 13

Geraetal. (44) Iron 44

(change in Ho) supplementation/

fortification

Cembranel etal. Iron 14

23) supplementation

Kiistiansson etal.  Supplementary 5

(41) [change inHb  feeding

(L)

Matsuyamaetal.  Milk fortification  NR

©0)

De-Regi etal. (31) MNP fortification 7

)

Eichler etal. (36) Iron fortification 5

Cembranel etal.  Iron o7

@3) supplementation

Cembranel etal.  Iron 03

@3) supplementation

De-Regil etal. (28) Iron 14

supplementation

CHILDREN <12 YEARS

De-Regil etal. (31) MNP Fortification 11

Das et al. (34) Iron fortification 16

Das et al. (34) MMN fortiication 7

Mayo-Wilson etal. ~ Zn 27

©2) supplementation

Mayo-Wilson et al.  Zn + lron 8

©2) supplementation

De-Regi etal. (28) Iron 19

supplementation

De-Regi etal. (28) Iron 7

supplementation

De-Regi etal. (28) Iron 12

supplementation

De-Regi etal. (28) Iron 11

supplementation

De-Regil etal. (28) Iron 4

supplementation

De-Regi etal. (28)  Iron +Zinc 1

supplementation

De-Regil etal. (28)  Iron +VitC 1

supplementation

De-Regil etal. (28)  lron +MMN 4

supplementation

De-Regil etal. (28)  Iron = MMN 19

supplementation

De-Regi etal. (28) Iron 11

supplementation

De-Regi etal. (28) Iron 8

supplementation

De-Regi etal. (28) Iron 15

supplementation

De-Regi etal. (28) Iron 2

‘supplementation

De-Regi etal. (28) Iron 3

supplementation

De-Regi etal. (28) Iron 10

supplementation

De-Regi etal. (28) Iron 5

supplementation

CHILDREN <18 YEARS OF AGE

Girumetal. (47)  Deworming 8

(change in Hb)

Low etal. (24) Iron 28

supplementation

Low et al. (20) Iron 10

(end of treatment)  supplementation

Aaronetal.(32)  MMN fortification 8

Ramakrishnan Iron interventions 16

etal. (29)

Gera et al. (14) Iron 91

(change in Hb) supplementation/fortification

Gera et al. (44) Iron 82

(change in Hb) supplementation

Geraetal. (44) Iron fortification 9

(change in Hb)

Geraetal. (44) Iron a7

(change in Hb) supplementation/

fortification

Geraetal. (44) Iron 13

(change in Hb)

Gera et al. (44) fron

(change in Ho) supplementation/
fortification

Dasetal. (34) Vitamin A
fortification

Dasetal. (34) Tron fortification

Dasetal. (34) MMN fortification

Das etal. (34) MMN fortification

Das et al. (34) Zin fortification
Geraetal. (43) Iron and MMN
(change in Hb) supplementation
Geraetal. (43) ron and MMN
(change in Hb) supplementation
Geraetal. (49) Iron and
micronutrient
supplementation
Geraetal. (49) Iron and
micronutrient
fortification
Geraetal. (43) Iron and
micronutrient
supplementation
Geraetal. (43) ron and
micronutrient
fortification

De-Regiletal. (31) MNP Fortification

Neubergeretal.  ron
1) fend of supplementation
treatment)

Neubergeretal.  ron

(21) (change in Hb)  supplementation

Neuberger et al.

1) fend of supplementation
treatment)

Neubergeretal.  Iron plus
(21) fend of anti-malarial
treatment) treatment
Athuman et al. (50)  Anti-malarial
(mean changein  treatment
Hb)

Athuman et al. (50)  Anti-malarial
(mean Hb) treatment
Taylor-Robinson ~ Deworming
etal. (46)

Taylor-Robinson  Deworming
etal. (46)

Taylor-Robinson  Deworming
etal. (46)

Taylor-Robinson  Deworming
etal. (46)

Taylor-Robinson  Deworming
etal. (46) (n fist

vear)

Taylor-Robinson  Deworming
etal. (46) (n first

vear)

Taylor-Robinson  Deworming
etal. (46) (n first

year)

Taylor-Robinson ~ Deworming

etal. (46) (after first
year)

Huang et al. (48)
(changes in Hb)

Iron plus folic acid

H. pylori treatment

supplementation/fortification

78

20

NR

25

3

1

4

Number of participants

1,508 infants.
1,834 infants

Infants

8,354 children between 2
months and 1 year of age
from developing countries

92 children (malnourished,
preterm infants, or <9
years of age)

5,479 children between 4
months and 2 years of age

1,447 children between 6
and 23 months.

2,449 between children 6
months and 2 years of age

Children <2 years of age

Children >1 year of age

1,263 chidren between 6
months and 2 years of age
278 children 6-23 months

1,690 chidren between 2
and 5 years of age

1,254 apparently healthy
children <5 years of age
1,803 Infants and children
from 6 months to 5 years
of age

2,274 Infants and children
from 6 months to 5 years
of age

Children <5 years of age

Children <5 years of age

300 children aged 3
months to 5 years in
LMICs

Healthy children aged
6-47 months

2,023 chidren between 2
and 5 years of age

471 Infants and children
from 6 months to 5 years

of age

Children <5 years of age

Children <5 years of age

2,270 apparently healthy
children <5 years of age

2,746 preschool and
school-age chidren

3,832 preschool and
school-going children
1,543 preschool and
school-going children
6,024 Chidren between 6
months and 12 years of
age

1,341 Children between 6
months and 12 years of
age

3,082 apparently healthy
children <12 years

1,616 apparently healthy
children <12 years

1,416 apparently healthy
children <12 years

1,699 apparently healthy
children <12 years

756 apparently healthy
children <12 years

77 apparently healthy
children <12 years

50 apparently healthy
children <12 years

450 apparently healthy
children <12 years

2,851 apparently healthy
children <12 years

1,455 apparently healthy
children <12 years

1,387 apparently healthy
children <12 years

2,144 apparently healthy
children <12 years

408 apparently healthy
children <12 years

299 apparently healthy
children <12 years of age

1,778 apparently healthy
children between 5 and12
years of age

581 apparently healthy
children between 5 and
12 years of age

10,085,239 school children
from Asia and Africa

6545
primary-school-aged
children between 3.3 and
15 years

3,220 participants
between 12 and 18years

3,835 apparently healthy
children between 5 and
18 years of age

2,542 children between 6
months and 18 years
12,198 children <18
years of age

Children <18 years of age

Children <18 years of age

Children >5 years of age

Children <18 years of age
from developed countries

Children <18 years of age
from developing countries

1,538 children < 18 years
of age

4,176 children from
UMHICs

1,769 children from LMICs

1,282 children from
UMHICs

Children below 18 years

4,981 children <15 years
from developing countries

1,483 children <15 years
from developing countries

Children <15 years from
developing countries

Chidren <15 years from
developing countries

Children <15 years from
developing countries

Children <15 years from
developing countries

524 children aged =5
years

5,261Children <18 years
of age from malaria
endermic areas

2,462 children <18 years
of age from malaria
endemic areas

124 children <18 years of
age from malaria endermic
areas.

151 children <18 years of
age from malaria endermic
areas

1,672 children with
anemiain
Malaria-endemic areas

1,672 children with
anemia in
Malaria-endemic areas

1,992 children <16 years
in areas endemic for
intestinal helminthes

108 children <16 years in
areas endenmic for
intestinal helminthes or
children screened for
infection

658 children <16 years in
areas endemic for
intestinal helminthes
(moderate prevalence)

1,834 chidren <16 years
in areas endemic for
intestinal helminthes (low
prevalence)

807 children <16 years in
areas endemic for
intestinal helminthes

464 children <16 years in
areas endemic for
intestinal helminthes
(moderate prevalence)

343 children <16 years in
areas endemic for
intestinal helminthes (low
prevalence)

1,365 chidren <16 years
in areas endemic for
intestinal helminthes (low
prevalence)

<18 years of age

Comparison

MMN fortification verses
unfortified foods/regular diet
Iron fortification verses
unfortified foods/ regular diet
Iron fortification verses
non-fortified food

MNP vs. no intervention or
control

Zinc fortification verses
control

Iron supplementation verses
control

Home fortification with MMP
verses placebo/no
intervention

Home fortification as
prevention verses control
Iron supplementation/
fortification verses control

Iron fortification verses
non-fortified food

Home fortification as
treatment verses iron drops
Home fortification with MMP
verses iron supplements

Daily iron supplementation
25 days/week verses control

Intermittent iron supplements
verses placebo

Iron + MMN fortification
verses non-fortified food

Iron fortification of milk and
cereals verses non-fortified
food

Iron supplementation/
fortification verses control

Dally doses of FS verses
control

Supplementary feeding
verses control

Fortified milk verses control

Point-of-use fortification of
foods with MNP verses no
intervention or placebo

Iron single-fortfication verses
non-fortified food

WeeKly doses of FS verses
control

Dally doses verses control
weekly doses of FS

Intermittent iron supplements
verses daily iron supplements

Point-of-use fortification of
foods with MNP verses no
intervention or placebo

Iron fortification verses
unfortified foods/ regular diet
MMN fortification verses
unfortified foods/ regular diet
Zing supplementation verses
10 zinc supplementation

Zinc with iron
supplementation verses zinc
alone

Intermittent iron
supplementation verses
placebo/no intervention

Intermittent iron
supplementation (0-3
months duration) verses
placebo/no intervention
Intermittent iron
supplementation (>3 months
duration) verses placebo/no
intervention

Intermittent iron only
supplementation verses
placebo/no intervention
Intermittent iron folic acid
supplementation verses
placebo/no intervention
Intermittent iron with zinc
supplementation verses
placebo/no intervention
Intermittent iron with vitamin
G supplementation verses
placebo/no intervention
Intermittent iron with MMN
supplementation verses
placebo/no intervention
Intermittent iron supplements
£ MMN verses daily iron
supplements  MMN

Intermittent iron supplements
verses dally iron supplements
(0-3 months duration)
Intermittent iron supplements
verses daily iron supplements
(> 3 months duration)
Intermittent iron supplements
verses daily iron
supplements (iron alone)
Intermittent iron supplements
verses daily iron
supplements (With folic acid)
Intermittent iron supplements
verses daily iron
‘supplements (With MMN)
Intermittent iron supplements
verses placebo o no
intervention

Intermittent iron supplements
verses daily iron supplements

Deworming verses control

Iron supplementation verses
placebo/anti-helminthic
therapy/Zino/muli-vitamin

Dally oral iron
supplementation with or
without other vitarins (folic
acid or vitamin Cjverses
contro/placebo

MMN fortfied beverages.
verses non-fortified
beverages

Iron interventions verses
control

Iron supplementatiory/
fortification verses control

Iron supplementation verses
control

Iron fortification verses
control

Iron supplementation/
fortification verses control

Iron supplementation/
fortification verses control

Iron supplementation/
fortification verses control

Vitamin A fortification verses
unfortfied foods/ regular diet
Iron fortification verses
unfortfied foodis/ regular diet
MMN fortification verses
unfortfied foodis/ regular diet
MMN fortification verses
unfortfied foods/ regular diet
Zin fortification verses
unfortified foods/ reguiar diet
Iron and MMN
supplementation verses
placebo

ron and MMN
supplementation verses iron
supplementation alone

Iron and micronutrient
supplementation verses
placebo

Iron and micronutrient
fortification verses placebo

Iron and micronutrient
supplementation verses iron

Iron and micronutrient
fortification verses iron

Point-of-use fortfication of
foods with MNP verses no
intervention or placebo
Iron vs. placebo or no
treatment

ron vs. placebo or no
treatment

Iron plus folic acid vs.
placebo

Iron plus anti-malarial
treatment vs. placebo

Intermittent preventive
antimalarial treatment verses.
placebo (IPT  iron and folic
acid verses placebo = iron
and folic acid)

Intermittent preventive
antimalarial treatment verses
placebo (IPT 2 iron and folic
acid verses placebo = ifon
and folic acid)

Deworming drugs verses no
intervention

Single dose deworming
drugs verses no intervention

Single dose deworming
drugs (targeted intervention)
verses no intervention

Single dose deworming
drugs (targeted intervention)
verses no intervention

Multiple dose deworming
drugs verses no intervention

Multiple dose deworming
drugs (targeted intervention)
verses no intervention

Multiple dose deworming
drugs (targeted intervention)
verses no intervention

Multiple dose deworming
drugs (targeted intervention)
verses no intervention

H. pylori treatment for
eradication verses placebo

Meta-analysis

SMD (95% Ci) = 1.05
(0.48,1.63)

SMD (95% C)) = 0.81
(0.31,1.31)

WMD (95%Cl) = 0.5
(0.28,0.72) g/dL.

P <0001

P =747%

SMD (V, RE95%C)) =
0.98(0.55, 1.40)

P < 000001

2 =99%

SMD (FE, 95%Cl) =
~0.11(-0.52, 0.31)
045

P =0%

MD (95%C) = 7.22
(4.87-9.57) gL

P <0.0001

2 =94%

MD (V, RE, 95%C)) =
5.87 (3.25-8.49) gL

5.06(2.29, 7.83) /L

WMD (RE, 95%C) =
056 (0.36, 0.76) g/clL
P <0.001

WMD (RE, 95%C) =
0.49(0.31, 0.67) g/dL
P <0.0017 =94%
—0.91(~11.96, 10.14)
gL

MD (I, RE, 95%C) =
—2.36(~10.30to
559 gL

P =78%

MD (95% C) = 6.97
421,972 gL

P < 000001

P =82%

MD (V, RE, 95%C)) =
6.45 (2.36, 10.55) /L
MD (95% C)) = 087
(057-1.16) g/dL

P =000

P =81.5%

MD (95% CJ) = 0.62
(0:34,0.89) g/dL

P =000

P =86.2%

WMD (RE, 95%C) =
059 (0.43, 0.75)g/dL.
P <0001

MD (95%Cl) = 0.56
(0.31,081) mg/dL

P <0.001

SMD (VRE, 95%C) =
0.49 (0.07-091) gL
P =63%

MD (95%Cl) = 5:89
(-024, 1202 gL
P=006

MD (I, RE, 95%Cl) =
202 (-087,4.92) gL

MD (95% CJ) = 020
(~0.05-0.45) g/dlL
P=0132

P =43.4%

MD (95%Cl) = 0.28
(~0.22, 0.78) mg/dL
P=0273

MD (95%Cl) = 0.28
(~0.01, 0.56) mg/dL
P=0057

MD (IV, RE, 95%Cl) =
—0.75 (~1.80,

029) gL

MD (95%Cl) = 3.37
(0.94,5.80) gL

SMD (95% C) = 0.46
(0.14,0.50)

SMD (95% Cl) = 0.45
0.12,0.79)

SMD (95%Cl) = ~0.05
(~0.10,0.00)
P=0002

P =45%

SMD (95%Cl) = ~0.23
(-0.34,-0.12)

P <0.0001

P=79%

MD (V, RE, 95%C) =
520 (2.61,7.88) gL

P =0.00015

2 =93%

MD (I, RE, 95%C)) =
5.16(0.90, 9.36) g/L.

MD (V, RE, 95%Cl) =
5.13(2.82, 751) gL

MD (V. RE, 95%C)) =
4.41(1.32,7.50) gL

MD (V, RE, 95%C) =
3.36(1.61,521) g/l

MD (IV, RE, 95%Cl) =
~1.60 (809, 4.89)
gL

MD (I, RE, 95%Cl) =
20.70 (17.51, 23.89)
oL

MD (I, RE, 95%Cl) =
6.47 (0.32,10.61) g/L.

MD (IV, RE, 95%Cl) =
—0.60(~154,035) g/L
P=022

P =56%

MD (IV, RE, 95%Cl) =
047 (-091, 1.84) gL

MD (V, RE, 95%Cl) =
—1.14 (~2.07,-0.22)
oL

MD (V, RE, 95%Cl) =
—051 (~1.61,0.59)
gL

MD (V, RE, 95%Cl) =
—2.26 (-4.30,—-0.22)
gL

MD (V, RE, 95%Cl) =
061 (-2.04,326) gL

MD (V, RE, 95%Cl) =
4.04(0.30, 7.78) gL

MD (V, RE, 95%Cl) =
—0.31(~2.59, 1.97)
oL

WMD (FE, 95%CI) =
1.62 (1.01-2.25) g/dlL
P=0873

P =0%

MD (95%Cl) = 8.38
(6.21-10.56) g/L

P <0001

P =97%

MD (V, RE, 95%Cl) =
6.99(3.85, 10.18) g/L
P =000001

2 =95%

2.79(1.19, 433 gL
P=0004

7 =92%

WMD (95%C) = 1.49
(0.46,2.51)

WMD (95%C) = 0.74
(0.61-0.87) g/l

P <0.001

WMD (95%C) = 0.79
(0.65,099) g/dL

P <0.001

WMD (RE, 95%C) =

0.25 (0,02, 0.52) g/elL.
P =0.065

WMD (RE, 95%C) =

0.88(0.67, 1.08) g/dL.
P <0001

WMD (RE, 95%C) =

0.46(0.13, 0.78) g/l
P =0.007

WMD (RE, 95%C) =

0.78 (0.64, 0.93) g/clL.
P <0001

SMD (95% Cl) = 0.48
(0.07,0.89)

SMD (95% Ci) = 0.67
(0.36,097)

SMD (95% i) = 0.50
0.21,0.78)

SMD (95% C) = 1.25
(0.45,2.06)

SMD (95% CJ) = ~0.11
(-052,031)

WMD (RE, 95 % Cl) =
0.65(0.50, 0.80) /L
P <0001

£ =896%

WMD (95 9% Cl) = 0.14
(0.00,0.28 gL
P=0044

£ =760%

WMD (RE, 95%C) =
0.69(0.48, 0.91) g/L
P <0001

WMD (RE, 95%C)) =
0.61(0.40, 0.81) /L.
P <0001

WMD (95 9% Cl) = 0.27
(0.13,0.41) gL

P <0001

£ =85%

WMD (95 % Cl) = 0.06
(20.15,0.27) g/L
P=055

P =893%

MD (V, RE, 95%Cl) =
7.86 (~0.76, 16.49) g/L

MD (N, RE, 95%C) =
0.75(0.48, 1.01) g/dL.
P <0.00001

P =93%

MD (V. RE, 96%C) =
0.67 (0.42, 0.92) g/dL
P <0.00001
P=82%

MD (IV, RE, 95%C)) =
0.90 (051, 1.29) g/l
P <0.00001

P =NA

MD (V, RE, 95%Cl) =
0.91(0.47, 1.35) g/dL.
P =NA

MD (N, FE) = 0.32
(0.19, 0.45) g/dL.

P =18%

MD (V, FE) = 0.35
(0.06,0.64) /L.
2 =76%

MD (VFE, 95%Cl) =
0.02(~0.05,0.09)
g/l

P> 005

MD (VFE, 95%C) =
037 (0.10, 0.64) g/dlL
P=0008

2 =0%

MD (VFE, 95%C)) =
0.06(~0.06,0.17)
g/dL

P=034

2 =0%

MD (VFE, 95%C) =
0.00(~0.08,0.08)
g/l

P=092

2 =0%

MD (VFE, 95%C) =
001 (0.13,0.14) g/dlL

MD (VFE, 95%C)) =
0.02(~0.16,0.19)

MD (IVFE, 95%C) =
~0.06(~0.28,0.17)
g/dL

P=062

2 =0%

MD (VFE, 95%C)) =
~0.02 (~0.80, 0.27)
g/l

P=091

R =0%

WMD (V, RE, 95%Cl) =
11.77 (2.40, 21.15) gL
P=001

Quality of
evidence

Moderate

Moderate

NR

Moderate

NR

NR

Moderate

NR

NR

NR

NR

High

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR
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NR

NR

NR

NR

NR
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NR
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Low
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SR

INFANTS
Das et al. (3%)

Das etal. (3%)

Matsuyama et al.
@0)

<2 YEARS
Pasricha et al. (25)

De-Regi et al. (38)

De-Regil et al. (38)

Dewey etal. (40)
Dewey et al. (40)
<5 YEARS

Matsuyama et al.

@©0)

Matsuyama et al.
©0)

Eichler et al. (36)

Eichler et al. (36)

De-Regil et al. (31)

Eichler et al. (36)

Kristiansson et al.
@1

Cemmbranel etal.
@3

Cembranel et al.
@3

Cembranel et al.

(23)
De-Regi et al. (28)

De-Regi et al. (28)

Iron fortification

MMN fortification

Fortification

Iron supplementation

Fortification

Fortification

Fortification

Fortification

Fortification

Fortification

Iron + MMN
fortification

Iron fortification

MNP fortification

Iron fortification

‘Supplementation and

fortification

FS supplementation

FS supplementation

FS supplementation

Iron supplementation

Iron supplementation

#Included
studies

NR

NR

NR

1 before-after
studies

PRE-SCHOOL AND SCHOOL-GOING CHILDREN

Das et al. (34)

Das et al. (34)

De-Regl et al. (31)

De-Regil et al. (31)

De-Regilet al. (31)

<12 YEARS
De-Regi et al. (28)

De-Regil et al. (28)

De-Regi et al. (28)

De-Regil et al. (28)

De-Regil et al. (28)

De-Regi et al. (28)

De-Regi et al. (28)

De-Regil et al. (28)

De-Regilet al. (28)

De-Regilet al. (28)

De-Regi et al. (28)

De-Regil et al. (28)

De-Regi et al. (28)

De-Regi et al. (28)

De-Regil et al. (28)

Mayo-Wilson et al.
22)

Mayo-Wilson et al.
(22) (Anemia
prevalence)

Athurman et al. (50)

Sunetal. (45)

<18 YEARS
Low et al. (20)

Low etal. (24)

De-Regil et al. (31)

Aaron etal. (32)

Neuberger et al.
1)

Neuberger et al.
1)

Neuberger et al.
1)

MMN Fortification

Iron Fortification

Fortification

Fortification

Fortification

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron Supplementation

Iron supplements

Iron Supplementation

Iron Supplementation

Iron Supplementation

Zn/ron
supplementation

Znfiron
supplementation

Deworming

Distary interventions.

Iron Supplementation

Iron supplements

Fortification

Fortification

Iron supplementation

Iron supplementation

Iron supplementation

5

10

10

10

#Participants

1,234 infants.

1,809 infants.

Healthy chidren <1
year of age

4,825 children
between 4 and 23
months.

1,447 children 6-23
months.

145 children 6-23
months.

4,331 children 6
months to 2 years
1,263 chidren 6

months to 2 years

Healthy children aged
6-47 months from all
countries

Healthy children aged
6-47 months from
developing econormies
1,927 children
between 6 months
and 5 years

3,100 children from 6
months to 5 years of
age

1,706 children aged
24-59 months

1,173 Children
between 6 months
and 5 years

110 children between
3 months and 5 years
of age

Children <5 years

Children <5 years

Children <5 years

658 apparently healthy
children <5 years

770 apparently healthy
children <5 years

1,246 pre-school and
school-going children

2,013 pre-school and
school-going children

2,448 pre-school and
school-age children

1,705 pre-school and
school-age children
with malaria

934 pre-school and
school-age children
with malaria

1,824 apparently
healthy children <12
years

980 apparently healthy
children <12 years

1,456 apparently
healthy children <12
years

368 apparently healthy
children <12 years

1074 apparently
healthy children <12
years

593 apparently healthy
children <12 years

50 apparently healthy
children <12 years

107 apparently healthy
chidren <12 years

172 apparently healthy
children <12 years

808 apparently healthy
children <12 years

507 apparently healthy
children <12 years

366 apparently healthy
children <12 years

107 apparently healthy
children <12 years

1,166 apparently
healthy children
between 5 and 12
years

145 apparently healthy
children between 5
and 12 years

482 children between
6 months and 12
years of age

4,287 children
between 6 months
and 12 years of age

2,237 children
between 2 months
and 9 years with
anemia in malaria
endermic areas

676 Chinese children
with ron deficiency
anemiain

2,169 participants
between 12 and 18
years

1,763 children
between 3.3 and 16
years

543 children >5 years

2,828 apparently
healthy children
between 5 and 18
years of age

633 children in malaria
endemic areas

3,784 children <18
years in malaria
endemic areas

295 children <18
years in malaria
endemic areas

Comparison

Iron fortification verses
unfortified foods/ regular
diet

MMN fortification verses
unfortiied foods/ regular
diet

Fortified milk verses
control

Iron supplementation
verses control

Home fortification with
MMP verses placebo/no
intervention

Home fortification with
multiple micronutrient
powders verses iron
supplements

Home fortfication as
prevention verses control
Home fortification as
treatment verses control

Fortified milk verses
control

Fortified milk verses
control

Iron + MMN fortification
verses non-fortified food

Iron fortification of milk
and cereals verses
non-fortified food
Point-of-use fortification
of foods with MNP
Verses no intervention or
placebo

Iron single-fortification
verses control

Supplementary feeding
verses control

Daily doses of FS verses
control

Weekly doses of FS
verses control

Daily doses of FS verses
weekly doses
Intermittent iron
supplements verses
placebo

Intermittent iron
supplements verses daily
iron supplements

MMN fortification verses
unfortified foods/regular
diet

Iron fortification verses
unfortified foods/ regular
diet

Point-of-use fortfication
of foods with MNP
verses no intervention or
placebo

Point-of-use fortfication
of foods with iron+
vitamin A + zinc verses
no intervention or
placebo

Point-of-use fortfication
of foods with MNP
verses no intervention or
placebo

Intermittent iron
supplements iron alone
or with other nutrients
verses placebo or no
intervention

Intermittent iron
supplements = other
micronutrients verses
daily iron supplements +
other micronutrients
Intermittent iron
supplements (0-3
months dluration) verses
placebo or no
intervention

Intermittent iron
supplements (>8 months
duration) verses placebo
or no intervention
Intermittent iron alone
supplements verses
placebo or no
intervention

Intermittent iron with folic
acid supplements verses
placebo or no
intervention

Intermittent iron with
vitamin C supplements.
verses placebo or no
intervention

Intermittent iron with
MMN supplements
verses placebo or no
intervention

Intermittent iron
supplements verses dally
iron supplements (0 to 3
months duration)
Intermittent iron
supplements verses dally
iron supplements (> 3
months)

Intermittent iron
supplements verses dally
iron supplements (ron
only)

Intermittent iron
supplements verses dally
iron supplements (with
folic acid)

Intermittent iron
supplements verses daily
iron supplements (with
MMN)

Intermittent iron
supplements verses
placebo or no
intervention

Intermittent iron
supplements verses dally
iron supplements

Zinc with iron
supplementation verses
Zinc alone

Orally administered zinc
supplementation verses
no zinc supplementation

Intermittent preventive
antimalarial treatment
verses placebo

Dietary interventions
verses control

Daily oral iron
supplements = other
vitamins (folc acid or
vitamin C) verses.
control/placebo

Daily iron supplements
verses placebo/anti-

Meta-analysis

RR (95%C) = 0.42
(0.24,0.72)

RR (95%C) = 0.59
(0.50,0.70)

OR (95%C)) = 0.46
0.19,1.12)

RR (95%C) = 0.61
(050, 0.74)

P <0.0001

= 86%

RR (M-H, RE, 95%Cl)
=0.69(0.60-0.78),
P =19%

RR (M-H, RE, 95%Cl)
=089 (0.58-1.39)

RR (95%C)) = 0.54
(0.46,0.64)
RR (95%C)) = 1.04
(0.76, 1.41)

OR (95%C)) = 0.32
(0.15,0.66)

OR (95%C)) = 0.36
(0.14,0.91)

RR (95%C) = 0.43
(0.26-0.71)

P =000

7 =805%

RR (95%C)) = 0.50
(0.33,0.75)
P=712%

RR (M-H, RE, 95%Cl)
=0.64(0.44,0.93)
P=0019

P =73%

RR (95%C)) = 0.76
(0.45-1.28)
P=0533

2=0%

OR (95%C}) = 0.58
(0.24,0.75)

RR (95%Cl) = 0.73
(0.49, 1.09),
0.13,2 > 75%

RR (95%C) = 0.64
(027, 154),
033, > 75%
RR (95%C)

(0.41,1.19),
RR (M-H, RE, 95%
C)) = 0.43 (028,
0.80)

RR (M-H, RE, 95%
Cl)=1.26(1.05,
151)

RR (95%C) = 0.45
(022,089

RR (95%C)) = 0.60
(0.43,084)

RR (M-H, RE, 95%Cl)
=066 (0.49-0.88)
P =0004

P =73%

RR (M-H, RE, 95%Cl)
=0.72(0.65, 0.80)
P=047

2 =0%

RR (M-H, RE, 95%Cl)
=057 (0.29, 1.14)
P =0.0005

2 =83%

RR (M-H, RE, 96%
C) =051 (087,
0.72)

RR (M-H, RE, 95%

O =1.23(1.04,
1.47)

P=0017

2 =0%

RR (M-H, RE, 95%
Cl)=0.63 (0.49,
082)

RR (M-H, RE, 95%
C) =037 (0.14,
1.02)

RR (M-H, RE, 96%
C))=0.48 (031,
0.74)

RR (M-H, RE, 95%
Cl)=0.83 (0.6,
1.08)

RR (M-H, RE, 95%
Cl) = 0.06 (0.00,
097)

RR (M-H, RE, 95%
C) = 0.16 0.06,
0.44)

RR (M-H, RE, 95%
Ol =1.24 (055,
2.77)

RR (M-H, RE, 95%
O =1.23(1.03,
1.47)

RR (M-H, RE, 95%
C) =147 (0.97,
1.42)

RR (M-H, RE, 95%
Ol =155 (1.02,
2.36)

RR (M-H, RE, 95%
Cl)=1.31 (031,
557)

RR (M-H, RE, 95%
C)) = 0.54 (083,
0.90)

RR (M-H, RE, 95%
Cl) = 0.95 (0.47,
1.91)

RR (95%C)) = 0.78
(0.67-0.92)
P=054

2 =0%

RR (95%C) = 1.00
(0.95,1.06)
P=005

P =37%

RR (95%C) = 0.97
(0.88-1.07)

P =29%

OR (FE, 95%C)) =

5.08(3.09, 8.18)
P=085
2 =0%

RR (M-H, RE, 95%Cl)
=0.32(0.11,0.93)
P=0037

P =97%

RR (M-H, RE, 95%Cl)
=050 (0.39-0.64)

helminthics/Zinc/multivitamin P < 0.001

Point-of-use fortfication
of foods with MNP
verses nointervention or
placebo

Non-dairy MMN
beverages fortfied
compared to non-fortified
beverages

Iron plus folic acid vs.
placebo/no treatment

Iron vs. placebo/no
treatment

Iron + antimalarial vs.
placebo

P =85%

RR (M-H, RE, 95%Cl)
=0.53(0.25,1.12)
P=0097

P=81%

RR (M-H, RE, 95%Cl)
=0.63(0.54,0.73)
P < 0.00001

£ =84%

RR (M-H, RE, 95%
C) =0.49 (025,
099),P=014,2 =
49%

AR (M-H, RE, 96%
C) =0.63(0.49,
0.82), P < 0.00001,
£ =97%

RR (M-H, RE, 95%
C) =0.44 (028,
0.70), P = 0.20,
=40%

Quality of
evidence

Moderate

Low

NR

NR

Moderate

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR
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NR

NR

Moderate
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NR

NR

NR

NR

NR

NR

NR

NR

NR

NR
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NR
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NR
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NR

NR

NR
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SN Study ID

SUPPLEMENTATION

1. Low et al. (20)

2. Neuberger et al.
@n

3. Mayo-Wilson et al.
@2

a. Cembranel et al.
@3

5. Low et al. (24)

6. Pasricha et al. (25)

7. Thompson et al.
(26)

8. Abduliah et al. (27)

9. De-Regil et al. (28)

10. Ramakrishnan
etal. (29)

FORTIFICATION

1. Matsuyama et al.
(30)

12. De-Regil et al. (31)

13. Aaron et al. (32)

14, Das et al. (33)

15. Das etal. (34)

16. Salam et al. (35)

17. Eichler et al. (36)

18, Geraet al. (37)

19. De-Regil et al. (39)

20. Best et al. (39)

21 Dewey et al. (40)

No of
trials/Sample size

10-50 years age:
67/8,506

12-18 years

age: 10/3,220
35/31,955

80/2,05,401

13/1,699

32/7,089

33/42,015

15/2,154
2/69

33/13,114

21/4,651

15 articles based on
12 studies/NR

13 trials (17
reports)/5,810

201 (121 on infants
and children)

18/5,468

60/20,827

12/6,145

16/6,113

SUPPLEMENTATION WITH FORTIFICATION

22. Kristjansson et al.
@1

23. McDonagh et al.
“2)

2. Geraetal. (43)

25. Geraetal. (44)

2. Sun etal. (45)

DEWORMING

27. Taylor-Robinson
etal. (46)

2. Girum et al. (47)

H. PYLORI TREATMENT
29. Huang et al. (48)

WASH INTERVENTION
30. Dangour et al. (49)

ANTI-MALARIA INTERVENTION
31 Athuman et al. (50)

32

10/5,671

30/6,464

55/27,945

6/676

45

8/450

14/22,241

6/3847

Participants

Menstruating women aged
10-50 years

Subgroup analysis done for
12-18 years

<18 years children in
malaria-endernic areas %
anemia & malaria

6 months to 12 years of
age

Children <5 years of age

Children between 3.3 and
15 years of age

4-23 months of age

2-5 years
6-30 months.

Apparently healthy children
<12 years

6 month to 18 years

Healthy children aged 6-47
months.

Preschool and school-age
children from Latin
America, Africa, and Asia

50525 apparently healthy
children and women of
reproductive age from
LMICs

Children and women
(presented separate data
for children)

<11 year old chidren,
pre-term infants,
malnourished infants, and
school children with
asymptomatic

zinc deficiency)

Children <18 years of age
and women (presented
separate data for infants
and children)

Women and children (6-66
months of age) (no studies
identified on woren)

6 months to 5 years

Apparently healthy
individuals, irrespective of
age. Reported separate
data for children on Hb

Children between 5.5 and
18 years

Children between 6
months and 2 years

3 months to 5 years
socio-economically
disadvantaged LMIC and
HICs

Children aged between 6
and 24 months from
developed countries

Birth to 15 years

<18 years of age

Chinese children between
6 months and 13 years
with iron deficiency anemia
in

Children aged <16 yearsin
areas endemic for intestinal
helminthes

10,085,239 school children
from Asia and Africa

2-76 years (subgroup
analysis available for
children)

<18 years

Anemic children between 2

months and 9 years
resicing in endemic areas

Intervention

Dally oral iron
supplementation with or
without other vitamins
(folic acid or vitamin C)
Iron, iron + folic acid, and
iron + antimalarial

Orally administered zinc
supplementation and
non-zinc co-interventions
(e.g., vitamin A, additional
iron)

Weekly/daily
supplementation of iron
Iron supplementation

Daly iron supplementation

Daily oral iron
supplementation

Oral ferrous glycine sulfate
and ferrous sulfate
Intermittent oral iron
supplementation alone or
in combination with other
vitamins and minerals

Iron interventions

Fortified milk

Point-of-use fortification of
foods with MNP

Non-dairy MMN fortified
beverages

Zinc fortified formula feeds

Vitamin A, iron and
multiple micronutrients.
fortified formula food

Point-of-use powders with
=2 micronutrients in their
formulation (Vit A, C, B 11,
D, B complex, Fe, Zinc,
lysine)

Micro-nutrient fortified milk
or cereal food

Iron-fortified foods

Home fortification with
multiple micronutrient
powders

Minimum 3 micronutrients
added to beverages,
foods

Sprinkles, Crushable, or
chewable tablets,
Lipid-based nutrient
supplements, soya based
products.

Macronutrient
supplementation/fortification

Oral iron supplementation,
iron fortified formuia, and
food

Iron and multiple
micronutrient
supplementation +
fortiication

Iron supplementation,
formula milk, fortfied
cereals

Distary interventions.

Deworming

Deworming

H. pyori treatment

WASH intervention

Intermittent preventive
antimalarial treatment

Outcomes reported

Anemia
Hemoglobin
Biomarkers (Ferritin)

Anemia
Hemoglobin
Adverse effects
Anemia
Hemoglobin
Adverse effects
Biomarkers (Fe)

Anermia
Hemoglobin

Anemia

Hemoglobin

Adverse effects
Biomarkers (Ferritin)
Anemia

Hemoglobin

Adverse effects
Biomarkers (Ferrtin, ron,
transfertin,

erythrocyte protoporphyrin)
Hemoglobin

Biomarkers (Ferrtin)

MA not done due to high
heterogeneity

Anemia

Hemoglobin

Adverse effects
Biomarkers (Fertin)
Hemoglobin

Anemia

Hemoglobin

Biomarkers (Serum Feritin,
serum transferrin

receptor concentratior)
Anemia

Hemoglobin

Adverse effects
Biomarkers (Fertin)

Anemia

Hemoglobin

Anemia
Hemoglobin
Biomarkers (Ferritin)

Anemia
Hemoglobin
Biomarkers (Ferritin)

Anemia
Hemoglobin
Biomarkers (Ferriin)

Hemoglobin

Not done

Anemia
Hemoglobin
Adverse events
Biomarkers (Ferritin)

Anemia
Hemoglobin

MA not done

Hemoglobin

Hemoglobin

Anemia

Hemoglobin

Hemoglobin

Hemoglobin
Biomarkers (Ferriin)

Hemogiobin (No MA)
Biomarkers (Ferritin)
(No MA)

Anemia
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Message Date Theme Type Rating Reactions Comments

Double Duty is a major Pain point for nursing staf. 2018-01 Challenges Photo 728 22 228
Though we are working but your input makes a lot and solutions
of difference. So share your suggestions!!
Congratulations Ms. AA! Person of the week! 2018-09 Acknowledgment Photo 588 163 94
and
appreciations
Who can provide more compassionate, empathetic 2017-12 Inspirational Photo 512 28 152
care than a nurse? Who can be more of an and thought
advocate for their patients than their nurse? provoking

What can we do from tomorrow to make sure that
none of our rounds happen without our nurses?
None of our plans are made without our nurses’
input?

Can people describe this picture in just one word?
I describe it as Yohsin

Congratulations Dr. BB Person of the Week! 2018-10 Acknowledgment  Photo 508 134 80
and
appreciations
Congratulations Person of the Week ... 2019-07 Acknowledgment  Photo 481 122 79
and
appreciations
Ok guys here is the question? Q1: What should be 201711 Inspirational Photo 417 12 151
the percentage component for art of medicine vs. and thought
science of medicine in medical school curriculum provoking

especially in Pakistan? Q2: Comment on the 2
pictures below and tell me which will teach both the
art and science of medicine more effectively in this
age of attention? Read the questions well and

answer.
Don't be ashamed of your story ... it will inspire 2017-12 Inspirational Photo 455 13 143
others. Who has some real stories to share? Let's and thought
get the word out! provoking
So, who can help me with my RPM. | want no 2017-11 Challenges Status 435 9 139
patient to ever suffer unnecessarily and solutions
So proud of you guys! (meeting with chancellor of 2019-04 Acknowledgment  Photo 424 134 52
the university) and
appreciations
Congratulations to Dr. XX for being awarded the 2019-03 Acknowledgment  Status 417 % 73
Best innovator award of the year 2018 by the CEO. and
appreciations
Congratulations Person of the Week! SS 2019-12 Acknowledgment  Photo 409 %2 75
and
appreciations
First time ever in history an extremely premature (27 2018-9 Recent Photo 392 79 78
weeks) updates
Appreciating staff challenge. | appreciated the 2017-10 Acknowledgment  Status 390 18 118
admission office statf for doing such a tough job. | and
appreciated Hina our ECHO tech and told her that appreciations
she is a person with Yohsin (grace)
People who feel called to their careers 2017-12 Inspirational Link 388 8 124
and thought
provoking
Hi everyone, | need your help. | am giving a talk 2017-12 Inspirational Status 383 13 119
tomorrow on “The Art of Pediatrics.” | want to ask all and thought
of you a question and need a very personal provoking

response from everyone. “Why did you choose
Pediatrics?" | want to use some of your responses
tomorrow, without using names. Can you please
help
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Quote (employee cadre)

“I would like to share my experience when I was awarded with the ‘Person of the
Week. It s a huge honor for me to see my name at this label. | was extremely
happy with this title and felt good knowing that my qualities are recognized that |
myself have never concentrated on. After this | was motivated to work more.
According to my opinion, if you appreciate an employee’s hard work and
determination this leadss to a lot of positive change in him/ her and he/ she
becomes more sincere to his/ her work.” (ID 23, October 2018)

“It was quite surprising for me. | never expected that it could come my way too.
Since there were other more experienced and skilled professionals already in
lne, I never thought of having it, at least for myself. When | was nominated for
the title, | felt very excited and humble at the same time. The very feeling of being
in that lst of valued employees of the hospital was priceless. Above al, without
my mentor | would not have bagged this title. Her personal efforts were
instrumental.” (ID 41, February 2019)

“I was so pleased and motivated to know that, since it was the first time; like
an appreciation coming from leadership. It should continue. Also, | would like to
highlight that just after my appreciation, | saw another member who was selected
for the ‘Person of the Week', which was so unjust and biased. It seomed ke it was
just because of jealousy and if I have received one so should he/ she. Moreover,
1also got to know that the person who got the appreciation had forced his/ her
faculty to write a post for him/ her, which according to me, decreased the value
of appreciation.” (ID 15, August 2018)

“It felt great, satisfying and encouraging to be highlighted amongst the group. It
gives a sense of achievement and acknowledgment and also gives the reflection
that yes, our superiors are acknowledging our hard work and efforts and itis
indeed a proud morment for not only myself but for my family as well” (D 1,
January 2018)

“It felt great to be noticed and appreciated. It was a very sweet gesture and it
made us want to work harder! As far as my personal experience is concerned
1 felt accepted, satisfied and that also increased my motivation and love for my
work even more.” (ID 40, January 2019)

“I had an amazing experience working under my mentor and it was an honor to
be selected as the ‘Person of the Week’ because it always gave me an immense
level of motivation.”

(ID 46, March 2019)

“Itis an amazing idea and gives motivation to continue working at best. | feel that
‘someone has recognized the work | do. Nurses also feel proud and those who
didn’t become ‘Person of the Week’ get motivated.” (ID 24, November 2018)
“Ifelt special and appreciated. | was not expecting it. | also felt gratitude toward
my mentor and the leadership of the pediatrics department.” (ID 11, June 2018)
“It was a nice feeling. | read every word of it multiple times and felt valued. It's
good to get this kind of affrmation once in a while.” (ID 30, December 2018)
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Themes

Challenges and
solutions

Acknowledgment and
appreciation

Recent updates

Compassion

Inspirational and
thought provoking

Informative

Definition

The challenges faced by
employees on individual and
organizational level, with their
solutions.

Employees being appreciated for
their hard work and
achievements. This also included
the “Person of the Week” posts.

Keeping the employees updated
with the organizations’ activities.
This includes meetings, events,
trainings, sessions, etc.

The posts focused on
developing soft skills in the
employess to have harmonious
interactions with each other.

The posts helped employees to
think “out of the box” and shape
themselves in every aspect.
Provide employees with
information regarding their field,
organization, and patient care.

Examples of posts
[Post story, date posted]

Tell me only one thing that
hinders your FCPS passing?
(Status, November 2017)

Appreciated for 100%
Attendance in NICU (Status and
photo, September 2018).

Central line care workshop in
NICU (Photo, February 2018).

Know that you and your
colleagues are in the same boat
Be kind to each other. Learn
from each other's strengths
(Photo, January 2018)

What do you people think about
work lite balance? (Photo, Apri
2019)

Research paper about the
positive relationship between
employee motivation and
performance (Status and link,
November 2018).

Ratings
range and
mean

6-728
11.2

0-588
56

0-392
425

0-300
27.4

0-612
258

0-296
193

Engagement indicators

Reactions
range and
Mean

1-62
96

0-1563
15.1

0-119
na

0-110
75

0-110
5.1

0-70
48

Comments
range and
mean

0-228
30.6

0-118
87

0-04
67

o-71
41

0-162
45

o-71
32
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Total N (%) of active members
N (%) posts

Total reactions

Mean reactions

Range

Total comments

Mean comments

Range

Mean ratings

Range

POST TYPE

Photos (%)

Videos (%)

Links (%)

Statuses (%)

POST THEME*

Acknowledgment and appreciation
Challenges and solutions
Compassion

Informative

Inspirational and thought provoking
Recent updates

Total

* Thematic analysis was completed for N

October-December 2017

69
580 (6.3)
5752
99
0-87
7,080
122
0-151
523
0-477

266 (45.8)
105 (18.3)
42(72)
167 (28.7)

10(3.5)
10(3.5)
5(1.7)
138)

218(75.7)

34(11.8)

288 (67)

7,911 (88%) posts.

January~June 2018

%
1,481(16.2)
17,085
115
0-110
9,049 + 4,824
9.4
0-228
509
0-728

664 (45.0)
274 (18.6)
198 (13.4)
339 (22.9)

232 (12.1)
12(06)
78 (4.1)

318 (16.5)

1,013 (62.7)

269 (14)
1,922 (97)

July-December 2018

91

1,520 (16.8)

11,080
72
0-163
8878
58
0-94
297
0-588

711 46.5)
213(13.9)
221(143)
384 (25.1)

157 (11.4)
0(0)
50(3.6)
233 (16.9)
838 (60.7)
102 (7.4)
1,880 (97)

January-December 2019

%
5,501 (60.5)
32,083
58
0-134
12,662
23
0-124
17.6
0-481

3,165 (57.5)
575 (10.6)
917 (16.6)
844 (16.1)

547 (12.7)
0
200 (4.6)
884(20.5)
2,244(51.9)
446 (10.3)
4,321 (83)

Total

9,085
66,930
73
0-163
63,446
6.9
0-228
285
0-728

4,806 (62.9)
1,167 (12.8)
1,378 (15.1)
1,734 (19.1)

946 (11.9)
22(08)
333 (4.2)
1,446 (18.3)
4,313 (54.5)
851(10.8)
7911 (88)
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Pillar Quantitative indicators

Reach # of members
# of posts uploaded

Discussion themes  Topics/themes per post
Mean ratings of posts
Mean comments of posts
Mean reactions of posts

Outcomes # of employees who
expressed intent to
implement QI projects

Ql, quality improvement.

Qualitative indicators

Profile of members

Topics/leadership roles
Thematic analyses of
the posts

Ql projects linked to vision
of the organization
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Enabler

Leadership

Engaging managers

Employee voice

Integrity

Role of the communication strategy

To connect with employees, share the vision of the
organization, and answer employee's questions so they
could relate their work with the purpose.

To send a silent message to the employees that “Your
organization cares about you,” which lets the employees
feel connected, naturally leading to improved motivation
and performance.

o hear employee challenges from bottom up and
facilitate resolution in a prompt fashion.

To allow employees to share what they felt was
important to them.

To showcase alignment between claims from the
leadership and their actions.

Application on the Facebook page

The purpose and vision will be communicated in the
“About” section of the “Batti Factor” group and also on
the posts by leadership.

The leaders will make an effort to engage managers
through modeling behaviors of consistent posts and
responsive comments.

The posts will revolve around topics of supervision,
coaching, encouraging staff, and mentorship to create
new values of effective management.

Employees will be encouraged to voice their concerns
through commenting on or making posts on the group
regarding their challenges.

Leadership conversations will indicate value for patient
experience and employers who provide optimal care wil
be duly recognized.
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Information needed

Prevalence of young motherhood

Challenges that young mothers face and their impact

Young mothers psychosocial welloeing (resiliency levels, self-esteem, levels, parental stress levels, IPV)
Household diet and nutrition status

Cognitive development status of the children

Language and communication capability of children and their mothers

Physical growth status of the chidren

Proportion of mothers and children that need intervention

Factors that enhance early childhood development

Information on impact of interventions on young mothers and children

Literature review Previous projects

Yes
Yes
No
No
No
No
No
No
Yes
Yes

Yes
Yes
No
No
No
No
No
No
Yes
Yes

Baseline study

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No





OPS/images/fpubh-09-584575/fpubh-09-584575-g001.gif
Reactions

o o e, 1o

SRR DI SR

[ ————
e e vt

Py et it
et e

o e——
T

2 e e i ot e
A e o
R e s e

SEsmme,

s i e

Commn s e st s
et e ety s e
e o)
s S





OPS/images/fpubh-09-584575/crossmark.jpg
©

2

i

|





OPS/images/fpubh-08-595821/fpubh-08-595821-g002.gif
oo 2ol g et toton]

termutonsontier g sesmng s

i T T N
s
oo s ymngc ot | ST gt

o et e

e
| e e S o
e e
e [
A s s
SR, |
— N7
e [ — s

o





OPS/images/fpubh-08-595821/fpubh-08-595821-g001.gif





OPS/images/fpubh-08-595821/crossmark.jpg
©

2

i

|





OPS/images/fpubh-09-604864/fpubh-09-604864-g002.gif





OPS/images/fpubh-09-604864/fpubh-09-604864-g001.gif





OPS/images/fpubh-09-604864/crossmark.jpg
©

2

i

|





OPS/images/fpubh-09-585806/fpubh-09-585806-g005.gif





OPS/images/fpubh-09-585806/fpubh-09-585806-g004.gif
Group Descriptien
Numbersof Seons s Grop siz)

Locaton/  Dushusbe Knjand  Ismviin Pasiken | g
Typealgrow CopiilUiun RegiomiUban  Ruml Rt
Reund 1- Jul/AugusUSeptember 2017 s
sat 1) 10
Mamsgers 1)
Mohers 263
Round 2 January February 2018
sar 10) 10 10
Mobers 1) 368 10
Round 3 - Augast/ Sptember 2018 16
sor 101 100) )
Mabers 301D 3468
Fahers SQIZLD  203)
Round 4 -December -Aprl 20189 0
Mamagers 10)
Mothers
w202 202
Nothers
Gontes ey 262
Round s -July 2019 3
Moers 263 | 2

TOTAL. o s 3 3 W





OPS/images/fped-08-00479/fped-08-00479-t001.jpg
Total 1-1.5 1.5-2 2-25 253 3-35 3.5-4

Cases 1077 o7 346 392 181 58 33
Boy 857 47 (70.1%) 275 (79.5%) 311(79.3%) 144 (79.5%) 49 (84.5%) 31(93.9%)
Girl 220 20 (209%) 71(20.5%) 81(20.7%) 31(205) 9(15.5%) 2(6.1%)
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2-25

253

3-35

35-4

Communication attitudes

Good

935
(86:8%)
6
(91.0%)
300
(86.7%)
348
(83.8%)
147
(81.2%
48
(82.7%)
31
(93.9%)

Poor

142
(18.2%)
6
0.9%)
46
(18.3%)
a4
(11.2%)
34
(18:8%)
10
(17.8%
2
(6.1%)

Basic learning ability

Normal

415
(83.5%)
50
(74.6%)
201
(68.0%
114
(29.1%
36
(19.9%)
12
(20.1%
2
(6.1%)

Abnormal

662
(61.5%)
17
(05.4%)
145
(@2.0%
278
(70.9%
145
(80.1%)
46
(79.9%
31
(93.9%)

Language comprehension ability

Normal

130
(12.4%)

25
87.3%
7
(20.5%
25
(6.4%)

6
8:3%
2
(8.4%)
1
(3.0%)

Abnormal

947
(87.9%
42
(62.7%
275
(79.5%)
367
(93.6%
175
(96.7%)
56
(96.6%)
32
(97.0%)

Language expression a

Normal

[
(0%)
o
(0%)
0
(0%)
o
(0%)

0
(0%)

0
(0%)

0
(0%)

Abnormal

1077
(100%)
67
(100%)
346
(100%)
392
(100%)
181
(100%)
58
(100%)
33
(100%)
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Program indicators

Evidence

Usabilty

Supports

Multiple studies have shown that mHealth tools can improve GHA performance in similar low-resource community settings, including
health education with videos and digital surveillance tools (4749, 51-55)

Previous studies and stake-holder interviews suggested that the technology couid be used in the local context. Aditionally, the
acceptability and usability of the CHEST App was confirmed through informal interviews with the local populations. The CHAs and local
supervisors expressed their preferences for how the tool should be designed to fit the needs of their program.

Elementos had the resources to design and implement the CHEST App thanks to funding from Grand Challenges Canada, Saving Brains
grant (60). Elementos created the capacity to conduct the project by hiring a multidisciplinary team of specialists; an implementation
scientist, nutritionist, anthropologist, community psychologist, epidemiologist, nurse, communicator, and software engineer. Together they
developed the material (a guidebook of health messages and animated videos), the App, and the implementation protocol. The GHEST
App was developed from open source code from OpenSRP, (61) which includes code and forums for support. Technical assistance and
development was also provided by the UNG CHAI Core team (62)

Implementing site indicators

Capacity to implement

Fit with current initiatives

Need

The communities have established CHA programs that have the capacity and interest to receive and integrate the CHEST App into their
normal activities. The CHA programs are supported by funding from their Municipalty, which includes pay for a program supervisor.
Additional implementation support was provided by Elementos by providing an implementation team that visits the communities for
continuous training and support for 1 year.

The tool was created to integrate within the established CHA programs with minimal interruption of their current activities. The tool was
expected to improve the ease and effectiveness of their current initiatives.

Multiple studies by the research team identified the need; reflected by the high rates of malnutrition, misunderstanding of health topics by
caregivers, and poor performance of CHAs.
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Outcome 1
Increased
knowledge on
parenting skills
Outcome 2
Increased
knowlecge on
nutritional
practices
Outcome 3
Improved
confidence and
psycho-social
well-being
Outcome 4
Improved motor
skills, cognitive
functions
Outcome 5
Improved
expressive
language and
socio-emotional
capacities

Baseline
mean

17.19

7.56

94.20

17.31

31.71

Endline
mean

18.65

10.84

94.29

39.22

78.94

Intervention group

Effect size
mean
difference

1.46

327

0.098

2191

47.23

95%Cl

(2.05,0.87)

(3.89,2.65)

(~139,1.20)

(23.79,20.03)

(62.42, 42.05)

p-value

<0.0001

<0.0001

0.8823

<0.0001

<0.0001

Baseline

17.87

8.98

26.76

54.19

Endline

17.94

9.03

2712

50.75

Control group

Effect size

0.068

0.046

0.188

0.363

-3.438

95%Cl

(0.541,0.676)

(0.632, 0.724)

(1.109, 1.486)

(2.339, 3.064)

(10.083,
3.208)

p-value

0.827

0.894

0.776

0.792

0.310
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Improved outcomes for
children served: child
growth and developmental
status

Improved outcomes for
children served: health and
nutrition

Children with improved
physical growth

Children with improved
cognitive development
Children with improved
development in language/
communication

Children with improved
social and emotional
development

Children with improved child
nutrition and diet

Proportion of children with
improved outcomes in the
intervention group N = 107 (%)

104 (97%)

108 (96.2)

102 (95%)

107 (100%)

103 (96%)

Proportion of children with
improved outcomes in the control
group N = 96 (%)

89 (93%)

80 (83%)

83 (86%)

91 (95%)

91 (95%)
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Area assessed

Length
Weight

Weight for length
BMI

Head
circumference

Average %

Below
expected
(below the
15th
percentile)

29 (21.6%)

23(17.2%)
13(9.7%)

28(20.9%)
8(6.0%)

15.08%

Intervention group

Baseline (N = 134)

As expected
(between
15th and

85th
percentile)

86 (64.2%)
96 (71.6%)
89 (66.4%)
78 (58.2%)
94 (70.1%)

66.10%

Above
expected
(above 85th
percentile)

19 (14.2%)
15(11.2%)
32 (28.9%)
28 (20.9%)
32 (28.9%)

18.82%

Below
expected
(below the
15th
percentile)

209(18.9%)
9(8.5%)
3(2.8%)
7(66%)
7(66%)

8.68%

Endiine (N = 106)

As expected

(between
15th and
85th
percentile)

74 (69.0%)
85(80.2%)
57 (53.8%)
64 (60.4%)
42 (39.6%)

60.60%

Above
expected
(above 85th
percentile)

12 (11.3%)
12(11.3%)
46 (43.4%)
35(33.0%)
57 (63.8%)

30.56%

Below
expected
(below the
15th
percentile)

42 (31.1%)
25 (18.5%)
20(14.8%)
31(23.0%)
17 (12.6%)

20.00%

Control Group

Baseline (N = 135)

As expected

(between
15th and
85th
percentile)

87 (64.4%)
96 (71.1%)
87 (64.4%)
77 (57.0%)
91 (67.4%)

64.86%

Above
expected
(above 85th
percentile)

6(4.4%)
14 (14.8%)
28(20.7%)
27 (20.0%)
27 (20.0%)

15.98%

Below
expected
(below the

15th
percentile)

34 (32.1%)
10/(2.4%)
2(1.9%)
7 (6.6%)
8(7.5%)

11.50%

Endline (N = 105)

As expected

(between
15th and
85th
percentile)

63 (50.4%)
89(84.0%)
53(50.0%)
53 (50.0%)
47 (44.3%)

57.54%

Above
expected

(above 85th

percentile)

8(7.5%)
6(5.7%)
50 (47.2%)
45 (42.5%)
50 (27.2%)

26.02%
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Child eats raw
vegetables and
fruits as snacks
instead of snacks
that are high in
sugars or fat

Most meals are
baked, steamed or
boiled (5o not fried)
Chid eats more
chicken and fish
than red meat in a
week

Child does not
drink cool drinks
(high in sugar)
Child eats different
kinds of fruits and
vegetables in a
week

Intervention group

Baseline (N = 134)

Yes
50

53

31

22

62

%
37.31%

39.65%

23.13%

16.42%

44.94%

Endiine (N = 106)

67

75

76

41

95.00

63.21%

70.75%

71.70%

38.68%

89.62%

Control group

Baseline (N = 135)

Yes
61

59

25

%
45.19%

43.70%

25.19%

18.52%

42.96%

Endline (N = 105)

Yes
63

68

67

45.00

92.00

%
60.00%
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Parameter  Variable Number of  Percentage

mothers (%)
(n=211)
Respondents  Mulanje 74 35.4
Blantyre 69 327
Machinga 68 322
Age 18-18 183 86.7
19-22 28 133
Marital status  Marriec/domestic partnership 130 61.61
Single/never married 25 18
Separated 32 152
Having boyfriend/not iving 18 85
together
Divorced 6 28
Type of Hut made of traditional materials 103 4838
household
House made of bricks or 108 4838
concrete
Other 1 05
Living on the street 1 056
Boys quarters 3 1.4
Person lving  Husband 104 493
with the
young mother
Parents 36 174
Grandparents 16 76
Alone/alone with child 27 128
Siblings 7 33
Extended own family 15 74
Mother/father in law 6 28
Type of Material support 155 785
support given
by child's
father*
Financial 142 67.3
None 83 393
Social 83 393
Emotional 62 29.4
Education  Primary Education 134 635
level*
Secondary education 7 365

“Multiple responses were possible therefore percentages add up to more than 100.
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Outcome

Psychosocial domain
Increased knowledge on
parenting skills

Increased knowledge on
nutritional practices

Improved confidence and
psycho-social well-being

Improved motor skils, cognitive
functions

Improved expressive language
and socio-emotional capacities

Measures

Mother-infant interaction score

Number of Children with Improved
Physical Growth as incicated by:
Lengthvheight-for-age
Weight-for-age
Weight-for-length/height
Body mass index-for-age (BMI-for-age)
Head circumference-for-age
Motor development milestones reached
Resiliency levels of mothers
Self-esteem levels of mothers
Parental Stress levels of mothers
Motor and cognitive development
milestones reached shown by: Number of
children with improved development as
indicated by improvements in various
indicators under the following dimensions:
Learning, thinking, and problem-solving.
Number of Children with Improved
Development  in  Language  and
Communication  as indicated by
improvements in various indicators under
the following dimensions:

- Hearing and Understanding

- Talking
Number of Children with Improved Social
and Emotional Development as indicated
by improvements in various indicators
under the following dimensions:

- Interaction with others.

- Emotional regulation

- Emotional responsiveness
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Frequency of dental check-ups (regular vs. irregular)
OR

AOR

AOR1

After 12th month of lfe before bedtime and at night-
water/unswestened milk only; snacking
(sandwiches, fresh fruit; water on a daily basis (vs.
unhealthy snacking sporadic and 1-3 times a week)
OR

ACR

AOR2

Ater 12th month of lfe before bedtime and at right
water/unswestened milk only

OR

ACR

AOR2

Snacking (sandwiches, fresh fruit)

OR

ACR

AOR2

Drinking water on a daly basis

OR

AOR

AOR2

“statistical significance p < 0.05.

% dmft =0
yes? no

532/868 432/770
(61.3%) (56.1%)
1.24 (1.02-1.51)
p=0033"
1.19 (0.97-1.45)
p =009
1.17 (0.96-1.43)
p=0126
752/1224 24/56
(61.4%) (42.9%)
221 (1.24-3.65)
p=0006"
1.74(1.00-3.03)
p=0051
2.02(1.17-3.48)
p=0011"
285/573 676/1065
(@9.7%) (63.8%)
0.56 (0.46-0.69)
p <0001
0.55 (0.44-0.67)
p < 0.001
055 (0.44-0.67)
p < 0.001"
181/271 65/149
(66.8%) (43.6%)

260 (1.72-3.92)
P <0001
225 (1.45-3.45)
p <0.001*
252 (1.66-3.89)
p <0.001*
788/1174 231/467
(62.6%) (49.5%)
1.71(1.38-2.12)
p < 0.001*
159 (1.27-1.98)
p <0001
1.68 (1.35-2.080)
p <0.001*
272/411 692/1227
(66.2%) (56.4%)
157 (1.20-1.91)
p=0001"
1.44 (1.13-1.82)
p=0008"
1.50 (1.19-1.90)
p=0.001"
750/1257 214/381
(69.7%) (66.2%)
1.15 (0.92-1.46)
p=0224
1.04 (0.82-1.32)
p=0738
1.12 (0.89-1.42)
p=0325

2yes/no concems protective behaviors presented in the first column.

bOR, odds ratio based on simple logistic regression and adjusted OR based on multiple logistic regression; AOR, adjusted for socioeconomic fectors; AORT, adjusted for dietary

% S-ECC

yes no

185/868 199/770
(21.3%) (25.8%)
0.78 (0.62-0.98)
p=0031"
081 (0.64-1.03)
p=0081
0.84 (0.66-1.06)
p=0131
262/1224 21/56
21.7%) (87.5%)
0.46 (0.26-0.80)
p=0.006"
0,60 (0.34-1.07)
p=0083
0.48 (0.27-0.84)
p=0010"
198/573 191/1065
(@3.7%) (17.9%)
232 (1.84-2.94)
p <0.001"
2.46 (1.94-3.12)
P <0.001"
2.42 (1.91-3.07)
p <0.001"
50/271 57/149
(18.5%) (88:3%)

0.37 (0.23-057)
p <0001
0.47 (0.28-0.75)
P =0.002"
037 (0.24-0.59)
p <0.001*
2281171 161/467
(19.0%) (34.5%)
0.45 (0.35-0.57)
P <0.001"
0.48 (0.38-0.61)
p <0001

0.46 (0.36-0.58)

p <0.001"
83411 301/1227
(20.2%) (24.5%)

0.78 (0.59-1.02)
p=0073
0.84 (0.64-1.11)
p=0217
0.78 (0.59-1.03)
p=0080
281/1257 108/381
(22.4%) (27,0%)

0.78 (0.60-1.01)
p=0059

087 (0.67-1.14)
p=0318

080 (0.61-1.04)

dmft
yes no
1.61£282 212344

p=0001"

1.67 £291 293+381

p=0.002"

262 +£3.64 143£274

p <0001

1.23+£2.30 3.56+4.38

p <0.001

1.46 +2.66 2824393

p <0001

1.49 £2.90 197 £321

p=0.007"

1.69 £2.90 2.38+3.76

p <0001

behaviors-(confounders for inappropriate dietary behaviors, past and present); AOR2, adjusted for hygienic behaviors- confounders for inappropriate hygienic behaviors at present).
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Oral health behaviors

History of dental care
Past dental visits
Application of fluoride vamish
Hygienic practices
Brushing of a child's testh twice a day
Dietary history
Presence of sugary foodstufs in the diet in the first 2 years of fe
Providing a chid before bedtime and at night after 12th month of ife:
« Water or no other beverage
o nursing
o beverages swestened with sugar or honey
o unsweetened milk in a bottle
Current diet
> three snacks a day
Snacking (sandiwiches, fresh fruit)
Sweet snacks (buns, dairy products)
Frequency of consumption:
o candies, bars

sponge fingers, cakes, doughnuts, layer cakes, buns

it juices

.

sweet fizzy drinks

.

tea with sugar

milk or cocoa with sugar

salted crisps, sticks or crackers

water

everal times or daily; B- several times a month, rarely/never.
‘statistical significance p < 0.05.

NI%

780/47.6
176/10.7

868/53.0

1420/86.7

495/30.2
189/11.5
278/17.0
676/41.3

30/1.8
411/25.1
1103/67.3

D> WO O>O>D> D> D>

dmft =0

-0.124"
—-0.070"

0.053*

-0.079"

0.075*
—0.047
-0.104"

0.041

—-0.034
0.086"
—-0.085"

144/8.8
481/29.4
206/12.6
288/17.6
561/34.2
332/20.3
45/2.8
1445/83.2
572/34.9
606/37.0
478/292
650/39.7
48/2.9
1047/64.0
1257/76.8
164/10.0

‘Spearman rank correlation

dmft

0.159"
0.106*

—0.063"

0.084*

—-0.001"

0.083*

0135

—0.059*

0.051*

—0.084"

0.086*

—-0.070"

—0.057*

-0.048

—0.093"

—0.054*

—-0.046

—0.064*

0.059%

dmfs > 4

0.070"

0.052*

0.083*

0.105*

0.064*

0.064*

0.073*

-0.081*

0.165"
0.129%

—0.053"

0.026

—0.001"
0.084%
0.126"

—0.066"

0.064*
—0.044
0.060"

0.042

0.035

0.048

0.087*

0.082

0.078*

0.075*

—-0.066*
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Parameter Total
Maternal age (years) 29 (27-36)
Paternal age (years) 34 (29-36)
Time point 1 (days) 77 (59-90)
Time point 2 (days) 137 (128-179)
Time point 3 (days) 220 (210-234)
Birth weight (grams) 1,080 (770-1,120)
Gender female 7(85)
Gender male 13 (65)

Data are given as median (interquartile range 25-75) or n (%).
*t-test: “fisher exact test.

120 Min

31 (28-34)

35 (30-35)

68 (62-83)
127 (128-142)
219 (211-284)

1,060 (860-1,080)
5(50)
5(50)

90 Min

29 (27-36)
30 (20-36)

89 (50-146)
157 (126-209)
226 (209-268)

1,068 (730-1,198)
2(20)
8(80)

p-value

0.952*
0.733*
0.326*
0.108*
0.811*

0.78"
0.35"
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Does the ECI professional take you and your situation seriously?
Do you understand the explanations of the ECI professional?
Were the talks with the ECI professional too short?

Were the talks with your ECI professional too rare?

Was the ECI professional responsive to your wishes?

Was the ECI professional motivated?

Did you look forward to the regular visits of your ECI professional?

Did the ECI professional provide you with more security in handling
your child?

Could the ECI professional reduce your fears regarding the future of
your baby?

Do you feel encouraged by your ECI professional regarding the future
of your baby?

Do you have more time for your own needs due to the support of your
ECI professional?

Do you meet friendss regularly?

Does the ECI professional support doctor and administrative vists at
public offices?

Do you discuss partnership problems with the ECI professional?
Do you feel comfortable during your daily routine with your chid?
Is the ECI professional responsive to the characteristics of your infant?

Does the ECI professional give you suggestions about how to work
with your child?

Is the ECI professional friendly?
Does the ECI professional include other family members?

Does the ECI professional inform you on further interventions for your
child?

Is the ECI professional on time for fixed appointments?
Is the expert co-working with a physiotherapist?
Do you sleep wel?

Does the expert regularly examine neuro-motoric and cognitive
development?

Do you recommend the ECI professionals for comparable reasons?
Can you imagine retrying ECI for your next child?

Do you have enough time for yourself?

Do you have someone to talk about different problems?

Do you feel healthy?

How do you rate the work of the ECI professional?

ECI, early childhood intervention.
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Characteristic

Age of the child (months)
6-23.9 months

24-41.9 months

42-60 months

Child’s recent diarrhea (last two weeks)
Low birth weight of the child (<2,500 g)
Underweight child

Diet diversity score

Child’s birth order

Current anemia of mother (<120 g/dl)
Months of breastfeeding

Highest educational level of the mother
No education or Primary

Secondary and Higher

Wealth index

Poor

Middle

Rich

Type of caste or tribe of the household

Scheduled caste, scheduled tribe, other
backward class

Any other ciass
Hosmer and Lemeshow test: 0.21.

Area under the ROC curve: 0.62.
“Significant values.

Odds
ratio

277
173
1.00
1.08
122
121
0.97
1.03
1.74
0.99

129
1.00

117
111
1.00

Confidence
interval
lower  upper
267 286
1.67 1.79
Reference
102 114
117 127
114 128
096 08
101 105
168 181
099 100
128 135
Reference
1.1 123
105 147
Reference
1.04 1.14
Reference

P-value

<0.001*
<0.001"

0.007*
<0.001"
<0.001*
<0.001*
<0.001*
<0.001*

0.040

<0.001*

<0.001"
<0.001*

<0.001*
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Characteristic No anemia Anemia
(n =58,170) (n =87,735)
Number Percentage Number
CHILD-RELATED VARIABLES
Sex of the child
Male 32025 55.1 47980
Female 26144 449 39755
Age of the child
6-23.9 months old 19193 330 44121
24-41.9 months old 19504 335 27804
42-60 months old 19473 385 15810
Child’s recent diarrhea (last two weeks)
No 52821 209 77452
Yes, last two weeks 5314 9.1 10230
Birth weight
Less than 2.5kg 17284 355 27646
More than 2.5kg 31454 645 41999
Stunting of child
No 13176 227 17152
Yes 44785 773 70228
Wasting of child
No 10898 188 15450
Yes 47218 812 72174
Underweight child
No 7483 12.9 9070
Yes 50478 7.1 78310
Iron supplementation of child (between twelve and fifty-nine months)
No 42077 727 64490
Yes 15827 273 22751
PARENT’S RELATED VARIABLES
Highest educational level of mother
No education 13198 227 27348
Primary 7293 125 12502
Secondary 29219 50.2 39299
Higher 8464 146 8585
Highest educational level of father
No education 1375 135 2720
Primary 1302 12.8 2281
Secondary 5735 56.4 8021
Higher 1753 17.2 1951
Current anemia of mother (<120 g/dL)
No 29455 509 31583
Yes 28461 49.1 55836
IFA supplementation of mother during pregnancy
No 14692 32.1 24113
Yes 31182 679 41786
Given blood sample during pregnancy
No 5480 146 10553
Yes 44295 89.0 61608
HOUSEHOLD-RELATED VARIABLES
Wealth index
Poorest 11275 194
Poorer 11656 200
Middle 11432 197
Richer 123908 213
Richest 11408 196
Type of caste or tribe of the household
Scheduled caste 11565 210
Scheduled tribe 5065 92
Other backward class 25473 462
None of them 13033 236
Type of cooking fuel
Electricity, LPG, natural gas and biogas 22705 410
Kerosene, coal, lignite, charcoal, wood 24401 440
Straw/shrubs/grass, agricultural crops, animal dung 8298 150
Continuous variables Mean  Standard
deviation
Child-related variables
Childs diet diversity score (range: 0-12) 24 25
Childs birth order 22 13
Parent's related variables
Age of mother at first birth (years) 21.2 37
Months of breastfeeding 239 20.1

*p-values from chi-square or Anova test.
*Significant values.

Percentage

54.7
453

50.3
31.7
180

883
1.7

39.7
60.3

196
80.4

17.6
82.4

10.4
896

739
26.1

312
143
44.8
9.8

182
156.2
536
13.0

36.1
63.9

36.6
63.4

14.6
85.4

22693
19180
17593
16627
12641

19424
9688
38600
16415

28210
39839
14901

Mean

22
23

209
216

259
219
20.1
178
14.4

23.1
15
45.9
19.5

340
48.0
180

P-value®

035

<0.001*

<0.001*

<0.001*

<0.001*

<0.001*

<0.001*

0.001*

<0.001*

<0.001*

<0.001*

<0.001*

<0.001*

Standard
deviation

23
14

35
188

<0.001*

<0.001*

<0.001*

<0.001*
<0.001*

<0.001*
<0.001*

Total sample
(n = 145,905)

Number

80005
65899

63314
47307
35283

130274
15543

44930
73453

30328
115012

26347
119392

16552
128788

106668
38578

40541
19796
68518
17049

4006
3583
13755
3704

61038
84297

38805
72918

16042
105903

33968
30836
29025
28025
24049

30088
14753
64073
29448

50916
64241
23199

Mean

164574
1459056

145905
145906

Percentage

54.8
45.2

434
32.4
242

89.3
107

38.0
62.0

20.9
791

18.1
81.9

1.4
886

73.4
26.6

27.8
13.6
47.0
1.7

16.3
143
54.7
14.7

42.0
58.0

34.7
65.3

13.2
86.8

233
211
19.9
19.2
16.5

223
106
46.0
211

36.8
46.4
16.8

Standard

deviation

23
23

21.0
225
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Characteristic Odds  Confidence P-value
ratio interval

Lower  Upper

Iron and folic acid supplementationof 090 083 097 001
mother during pregnancy™

Iron and folic acid supplementation of 0.92 0.82 1.03 0.16
child***

“Significant value.

*This association is controlled for highest educationallevel of mother, highest educational
level of father, wealth index, chil's recent diarthea, cooking fuel types, birth weight of
chid, IFA supplementation of chid, anemia of mother, distery diversity score, months
of breastfeeding, bith order, stunting of chid, wasting of chi, and blood sample given
dluring pregnancy. Not controlled for caste o tribe of household, underweight chid, age
of child, and age of mother at first birth, dlue to small effect size of these variables.

“This association is controlled for age of chid, highest educational level of mother,
highest educational level of father, wealth index, caste or tribe of household, chil's recent
dlarrhea, cooking fuel types, birth weight of child, IFA supplementation of child, anemia of
mother, dietary diversity score, months of breastfeeciing, age of mother at first bith, bith
order, stunting of chid, and wasting of chid. Not controlled for chid's underweight, due
10 small effect size of this variable.
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References  Country Sample Study Parity Parity Infant  BMI Categories Outcomes
Size period status death
Kalk et al. (22) Germay 505 2000.1- Mixed Singleton 22 <18.5 kg/m?; 18.5-24.9 kg/m?; BMI Neonatal death
2008.12 25-29.9 kg/m?; BMI >30 kg/m?
Basten et al. UsA 159,072 1992-1996  Primiparous Singleton 406 <20 kg/m?; 20-24.9 kg/m?; BMI 25-209  Infant death
@49 kg/m?; BMI >30 kg/m?
Tennantetal. UK 29,856 20032005  Mixed Singleton 52 <18.5 kg/m?; 18.5-24.9 kg/m?; BMI Neonatal death,
27 25-29.9 kg/m?;BMI >30 kg/m? infant death,
early neonatal death,
post-neonatal death
Kristensen Denmark 24,505 1989-1996 Primiparous  Singleton 75 <18.5 kg/m?; 18.5-24.9 kg/m?; BMI Neonatal death
etal. (28) multiparous 26-29.9 kg/m?; BMI >30 kg/m?
Leung et al. China 29,303 19952005  Mixed Singleton a7 <18.5kg/m?; 18.5-24.9 kg/m?; BMI Neonatal death
©9) 25-29.9 kg/m?; BMI >30 kg/m?
Nohretal.(30)  Denmark 1,199,183 1992-2006  Mixed Singleton 2,215 <185 kg/m?; 18.5-24.9 kg/m?; BMI Neonatal death,
26-20.9 kg/m?; BMI 30-34.9 kg/m?, infant death,
BMI>35 kg/m? post-neonatal death
Khashanand ~ lreland 99,403  2004-2006  Mixed Singleton 207 <185 kg/m?; 18.5-24.9 kg/m?; BMI Neonatal death
Kenny (32) 26-20.9 kg/m?;
BMI 30-40 kg/m?, BMI>40 kg/m?
Nofretal.(35) ~ Denmark 85375  1996-2002  Mixed Singleton 230 <185 kg/m?; 18.5-24.9 kg/m?; Neonatal death
BMI 25-29.9 kg/m?;
BMI>30 kg/m?
Thompson USA 166,301 20043-  Mixed Mixed 1016 <185 kg/m?; 18.5-24.9 kg/m?; BMI Infant death
etal. (36) 2004.12 25-29.9 kg/m?;
BMI 30-39.9 kg/m?, BMI>40 kg/m?
Salihu et al. USA 1,405,698 1978-1997  Mixed Singleton 7,622 18.5-24.9 kg/m?, BMI 26-29.9 kg/m?; Neonatal death
(38) BMI 30-39.9 kg/m?,
BMI>40 kg/m?
Denisonetal. UK 124280 20032010  Mixed Singleton 61 <18.6 kg/m?; 18.5-25 kg/m?; BMI 26-30  Neonatal death
@1 kg/m?; BMI 30-40 kg/m?; BMI>40 kg/m?
Smith et al. Scotand 187,200  1991-2001  Primiparous Singleton 338 <20 kg/m?; 20-24.9 kg/m?; BMI 25-209  Neonatal death
@3) multiparous kg/m?; BMI 30-34.9 kg/m?; BMI>35
kg/m?
Cedergren (25) ~ Sweden 611,852 19922001  Mixed Singleton 883 19.8-26 kg/m?; BMI 29.1-35 kg/m?; BMI  Early neonatal death
36.1-40
kg/m?; BMI>40 kg/m?
Mointyre etal.  Australia 75432 19982009  Mixed Singleton 262 <185 kg/m?; 18.5-25 kg/m?; BMI 25-30  Neonatal death
34 kg/m?; BMI 30-35 kg/m?; BMI 35-40
kg/m? BMI=40 kg/m?
Wallace etal. UK 55105  1976-2007  Mixed Singleton 175 <185 kg/m?; 18.6-24.9 kg/m?; BMI Neonatal death
(40) 25-29.9 kg/m?; BMI 30-34.9 kg/m?;
BMI>35 kg/m?
Declercgetal.  USA 6419836 2012-2013  Mixed Singleton 36,691 <18.5 kg/m?; 18.6-24.9 kg/m?; BMI Infant death
(26) 25-29.9 kg/m?; BMI 30-34.9 kg/m?; BMI
36-39.9 kg/m?; BMI=40 kg/m?
Johansson UsA 1,857,822 1992-2010  Mixed Singleton 5642 <18.5 kg/m?; 18.6-24.9 kg/m?; BMI Neonatal death,
etal. (31) 26-29.9 kg/m?; BMI 30-34.9 kg/m?; infant death,
BMI>35 kg/m? post-neonatal death
Yuetal. (41) USA 212,889 20032013  Multiparous Singleton 1,002 <18.5 kg/m?; 18.5-24.9 kg/m?; BMI Neonatal death,
25-29.9 kg/m?; infant death,
BMI>30 kg/m? post-neonatal death
Madietal. (33)  Brazi 3,892 1998-2010  Mixed NA 69 18.5-24.9 kg/m?; BMI=30 kg/m? Early neonatal death
Raietal. (37)  India 55,629 NA Mixed Singleton 840 <185 kg/m?; 18.5-22.9 kg/m?; BMI Neonatal death, early
23-27.4 kg/m?; neonatal death
BMI>27.5 kg/m?
Vincent et al. Canada 717,080 20092013  Mixed NA 3241 18.6-24.9 kg/m?; BMI 25-29.9 kg/m?; Infant dleath
(39) BMI 30-34.9 kg/m?; BMI 35-39.9 kg/m?;
BMI>40 kg/m?
Melchor etal.  Spain 11,985 20132017 Mixed Singleton 18 18.6-24.9 kg/m?; Neonatal death
(42) BMI>30 kg/m?

BMI, bodly bass index; NA, not applicable. underweight,<18.5 kg/m?; normal weight, 18.5-24.9 kg/m?; overweight, 25-29.9 kg/m?; Obese, >30 kg/m?.
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Domain

Content
Leadership role

Employee engagement

Trainings

Principles of persuasion

Lesson learned

Authentic content should be shared on social platforms.

Increase leaders’ involvement by listening to employees and engaging them intellectually for resolving their issues. Leaders should be
role models to inspire employees.

Initially, the engagement level will be high but eventualy the participation levels wil go down as employees juggle between their work
responsbilties and taking part in intiatives.

Provide trainings to the employees since everyone is not familiar with using social media in an efficient way. They have to be informed
regarding what is in it for them and must be enabled with the skils required to get started. Leaders may require trainings as wel

“The pringiple of reciprocity can be the most effective for engaging employees. Hence, efforts should be made to respond to them.
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Interviewee

Mothers

Supenisors

Quotes

Home Visi
“CHV would come inspect the play bag, pour the contents down and what she sees needs improvement then she would tell me. And she
would also ask me to recall the things that we were trained just so she would know if | can remember.” [A]

“When they came they asked for the five key messages poster. Then they would ask me questions from the poster and | answer. After that we
take the play bag and we spread a mat down and start playing with the child.” [C]

Group Meeting
"I came to realize that our children had started making friends among them. This made me think that we have been confining our children in
the house for a long time, but they need to play and share play items among the other children from other areas.” [B]

“Before the program started, my chid did not ik people and was never friendly. Someone could not even touch her. Since we started coming
for the session, | saw that the child was very jovial and she started being social to people and even talk to stranger B]

“Sometimes there is something that | did not understand in a session and | could ask my buddy to explain it to me. Our children had gotten
used to one another so when | am busy at home or | want to go somewhere, | can take my child to play with my neighbor’s child.” (8]

“I preferred the group meetings because my child is shy when he sees a new face but when he is among the other chidren he willjust be okay
and active. | also met other fellow women when we went for group sessions.” [C]

“The group is good because you can take the child and he would play with others. People would exchange ideas and someone might mention
something you did not know.” [A]

“Children enjoyed playing together and so even us parents were happy when we saw children enjoying playing.” [A]

Home Visit:
“Home isit was good because we would get the father; and aiso the chidren’s grandmothers.” [A]

“Not all participants will come for the group sessions. When you o to their houses, you will find them.” [B]

“In home isits you will know f the parent has a play bag for the child, if she has placed it where it is supposed to be, and if she spends time to
play with the chid during the day. How is the hygiene? How's the play and even food? You can ask about the progress; you will know the truth,
whether she is doing it or not.” [B]

“It was very tiresome to go for home visits. | walked a lot because | had to visit 21 households.” [B]

“Home visits you can't do in 1 day; it takes a long time. Group sessions can be done in a day.” (C]

Group Meetings:

“They could open the discussion and get answers by themselves. Someone can say ‘I cannot manage to do this because of poverty.’ The
CHV could leave them to discuss and then just conclude at the end. One mother could just tell her ‘just try and buy some seeds and then plant
vegetables. So you will eat some and sell some vegetables and get money to buy what you need”.” [C]

“Once people share you can see some of them nodding their heads and saying that they have also gone through that. And that is when you ask
them to share what they went through and they stand up and share it out. And we assure them that what they have shared is confidential.” [C]
“Group session is easy because when someone does not know something that she can be reminded by someone in the group.” [A]

“Group sessions were easy because the weaker women wil learn from the ones who are doing the right things.” [A]

“Another advantage is that mothers who are in the session will ask you questions and you will answer to many people at once.” [A]

“There are also some children who are very keen and when they see what the other child does then they will also do the same.” [A]

“In group sessions, you wil just put everyone together and finish at once.” (B8]

Home Visi

“Home sessions were nice because you find a mother at home and she is ready to talk. We see how she is doing, we find she has put the
poster on the wall.” [1]

“The home visits are necessary because you can find the mother and the child waiting for the session.” [1]

“Home visit are very important because of the support that they get from the other relatives.” 1]

“Sometimes in the group meetings mothers would not talk but when you go to their homes now they would talk.” (1]

“Home visits were good. Doing home visits you will capitalize on time when he/she is at home.” [1]

“After the session we talk about it [the challenge identified] and it is between the three of us and no one will feel intimidated.” [1]

“In home visits you will be able to find some mothers have not hanged the poster on the wall and you will find out she is not doing what you
taught her in the session. It is easy because you get to see what the mother is doing at home.” [1]

“I could see some tension in a group discussion. At home they were more relaxed, seated, and chatting.” [1]

“The home session helped participants who were not talkative in the groups. Now because it is between me and you, it will force you to talk.” [1]
“At home we could handle some issues that we could ot hande in a group. Some feft if they shared something people might talk about it.” (1]
“During the home visit they would really be committed. The advantage is you are able to understand the mother's challenges.” [2]

“You are engaging with the person personally so that information can sink deeply.” [2]

“There is also  lot of interruption during the home visit since children would be coming home for lunch, or visitors would come.” [2]

Group Meetings:
“Group visits are easier because you are looking at different aspects of the manual. At home you only see she is not doing well.” [1]

“In groups, we find that there are those active mothers that would feel free to share their experiences and there are those shy ones also. Now
what the CHVs would do is to use a group approach around these sensitive topics and would not go pinpointing mothers.” [2]

“There was a lot of social support within the groups to be able to do these things well.” 2]

“The advantage is they can learn from others.” [2]

“The group sessions are easier to supervise.” (2]

“In a group, when you have 20 people, you take only 1h, not 20 has in home visits.” [2]

“CHVs were happy they were meeting the mothers in a central place; they are used to visiting mothers in their households.” [2]

Quotes from mothers and CHVs are identified by letter according to their sub-county; Supervisors are identified by the number of their FGD. All quotes that participants expressed

were included.
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HOME scores Dietary diversity Child dev. index
Experimental treatments.
Mixed-delivery model 0045 ~0.200" ~0.098
©.181) (0.086) ©.148)
CHV/delivery characteristics
CHV is male (=1) ~0.122 0.106 0,053
0.187) (0.089) ©0.178)
CHV above median: education ~0.086 ~0.067 0.020
(0.095) (0.108) ©.175)
CHV above median: age 0373 0.024 0.480"*
(0.096) (0.095) ©.176)
CHV above median: baseline knowledge 0212* 0.066 0515
©.411) (0.090) (0.186)
Fidelty factor index scores 0.245 0.029 0.036
(0.081) (0.085) 0.159)
Household characteristics
Baseline child abilty factor 0043 0010 0192
(0.039) (0.027) 0.081)
Baseline FCI score 0.119" 0020 ~0.008
(0.046) (0.042) 0.043)
Female child 0091 0.008 0116
(0.083) (0.066) 0.079)
Birthorder 0,085 0017 ~0.007
(0.024) (0.026) 0.026)
Mother's education (years) 0,053 00417 0047
0.015) (0.016) 0.020)
Father in household 0075 ~0014 0013
(0.096) (0.059) 0.083)
Wealth asset index (mean = 0, SD = 1) 0.055* 0,043 0.048
(0.030) 0.019) (0.029)
Distance to venue in Km 0044 ~0011 0,085
0.132) (0.086) ©0.147)
Constant ~0.168 -0.102 —1074"
(0.274) K(0282) (0.305)
Observations 710 709 710
R-squared 0.132 0.123 0.182
Number clusters Y 0 40

Robust standard errors in parentheses clustered atvillage level. **'p < 0,01, *'p < 0.05, "p < 0.10. Results are from multivariate OLS regressions of final project outcomes as a function
of household and CHY characteristics. All models control for strata (sub-county) fixed effects. Column 3is an index constructed with factor analysis of four chid development outcomes
at endiine including cognitive, receptive language, expressive language, and socioemotional outcomes. All outcomes are standardized to be mean 0 with SD 1.
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Responsive Play (HOME)
There is a bag/box where the child keeps their piay things
Gross motor objects available. .g., ball, rope, ring, flat stone

Push or pul toys. e.g., pull with string, push box

Dramatic play materials, .g., doll, transport, household items.
Simple eye-hand coordination materials (e.g., rattle)

Complex eye-hand coordination materials (e.g., sticks and caps)
Did you find/make something new for your child to play with?
Child played with slightly difficult materials in the last week
Responsive Communication (HOME)

The child has looked at a picture book in the last week

The child has three or more picture books

The mother talks with the child when she is busy at home

“The mother talked about pictures in a book, calendar, etc.

Did you tell your child a story?

Food (Food categories eaten by the child last 24 h)
Observations

Intervention Mean

64.9%
46.7%
26.7%
75.3%
47.2%
38.8%
33.2%
61.1%

82.2%
8.2%
73.6%
76.0%
36.4%
4279
719

Control Mean

21.6%
29.0%
15.9%
56.4%
32.4%
156.1%
12.8%
44.6%

23.3%
23%
70.5%
38.1%
18.2%
4.057
351

Diff Intervention vs. Control

0.431"
0.176*
0114
0.204*
0.168*
0.246"
0.202"
0.170"*

0,505+
0.062"*
0.044
0.386""
0.185"
0.222"

Each row reports the means for the intervention arms combined vs. the control arm for different HOME items related to responsive play and communication. The last column reports
the adjusted difference between the intervention arms and the control arm for each item, adjusted diifferences not always identical to difference in unadjusted means presented in table.
Adjustments include child age, sex, and birth order, household wealth and maternal education. Standard errors are clustered at the village level. Significance levels: **'p < 0.01, *'p <

0.05, *p < 0.10. *Statistical significance levels as clarified in notes to table.
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Frequency
outof 8

What made it easy to attend?

- Benefits to Child 8

- Socialzing 5

- Program Content 5

- Reminded by CHV 0

- Incentive o

What made it difficult to attend?

- Travel/time 6

- Competing demands, e.g., chores. 2

- Other, e.g., want incentives.

Mothers (n = 8 pairs)

Quotes

| wanted my chid to become a clever
person... that's what really motivated me.” [A]
“We were taught how to talk to our husbands
ina polite way even if we were wronged. |
wanted to have a peaceful family where there is
respect and love.” [A]

| came to realize that our children had started
making friendiship among them. You find that
when they are playing one child would take
his/her play item and give to the other child.” [B]
“I met other fellow women when we went for
group sessions as compared to home visits.”
©

“The meeting place was far away and we had
to walk for long, so sometimes it was very
difficult” (8]

CHVs (1 = 11) comments on mothers

Frequency Quotes

outof 11

®~Nooo

“When they see the progress thei children are
making they decide to come to know what is
next” (8]

“They felt it was really helping them by teaching
them a ot about ways of living and of loving.”
©

“I would arrive early so that | can call them
again. | would even walk to participants who
were my neighbors and remind them to leave
for the meeting.” (8]

“People sometimes suffer hunger, | used to
make them a cup of tea and one doughnut.
The mothers were also busy.” [C]

“Some refused completely, they would say if
there is nothing that | am going to be given
then | will not come back.” [A]

Frequency refers to the number out of 8 pairs of mothers and out of 11 CHV's who offered an answer. Quotes from 8 pairs of mothers and 11 CHY interviews are identified by sub-county

asA B, C.





OPS/images/fpubh-09-653106/fpubh-09-653106-t004.jpg
Mother Attendance

Mean/SE
Experimental treatments
Mixed-delivery model 0335 (0.362)
CHV/delivery characteristics
CHV is male 0.490 (0.420)
CHV above median: education ~0.275 (0.371)
CHV above median: age ~0.396 (0.349)
CHV above median: baseline knowledge 0.126 (0.356)
CHV Fidelity Factor Scores (mean = 0, SD = 1) 0.795 (0.302"
Household characteristics
Baseline child ability factor 0.210(0.130)
Baseline FCI score 0.354 (0.169)™
Female chiid 0.128 (0.266)
Birth order 0000 (0.096)
Mother's education (years) ~0.230 (0.064)"*
Father in household 0563 (0.296)"
Wealth asset index (mean = 0, SD = 1) 0.102 (0.076)
Distance to venue in Km ~0.691 (0.306)"
Constant 10.890 (1.289)"**
Observations N=708
R-squared 0.132
Mean dependent var 8341
Number clusters 40

Robust standard errors in parentheses clustered at vilage level. *p < 0.01, **p < 0.0,
*p < 0.1. Results are from multivariate OLS estimation of the number of group sessions
attended out of a maximum of 12,
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Variables

Session (1-16)

CHV is male

CHV above median: education

CHV above median: age

CHV above median: baseline knowledge

Constant

Observations
R-squared
Number clusters

)

Quality 1-10

0007
©0011)
0.171
(0.125)
0208
0.130)
-0.031
0.126)

0380
0.128)
6.959"*
©0214)

684

0.332
40

@

Supervisor Monitoring Forms

Fun 1-10

0,009
0.012)
0179
(0.126)
0.217*
0.128)
~0.071
0.120)
0317
©.112)
6.414*
0.199)

684
0278
40

®)

Fidelity Index all items

0105
0.012)
0.084
(0.119)
0.148
0.132)
~0.095
(0.124)
0218
(0.124)
—1.040"*
(0.188)

686
0.367
40

@

®)

CHV self-evaluation forms

Quality 1-10

0,083
©.013)
0.116
(0:236)
-0029
(0.235)
—-0.031
(0:235)
0.447™
(0:201)
6.982"
(0.386)

2,043
0.056
40

Fun1-10

0,070
©.011)
0173
(0.194)
-0.128
©.473)
0.350"
(0.153)
0229
(0.156)
6.979""
(0.208)

2,043
0.144
40

Results from monitoring forms filed out by CHVs or supenvisors following each session in the 40 intervention vileges. Robust standard errors in perentheses clustered at vilage level.

"p < 0.01, *p < 0.05, "p < 0.10. Columns 1-3 present OLS regression results from supervisor monitoring forms for the delivery outcomes specified in each column. Columns 4 and

5 present OLS regression results from self-evaluation forms filled out by CHVs for delivery outcomes. Columns 1, 2, 4, and 5 are measured on a scale from 0 to 10. Column 3 presents
results from a composite index estimated with factor analysis that includes 13 fidelity items assessed in the supervisor monitoring forms with a 1-5 scale. Those 13 items are also listed

in Figure 3.
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Supervisors (2 FGDs)

Community Health Volunteers (n = 11)

Initially low levels of knowledge and practices in responsive play and talk

“This was the first time that children were being
provided with playing materials.” [2]

“I noted mothers were not really having that initiative
of play and talk with the child, they didn’t see the
need of playing with the child.” (2]

“At the beginning, when the CHVs were introduced
to the games, even for them to understand the
concept really took time. But when they got the
idea, then it became a ltle bit easier” [1]

“Mothers did not know the importance of play, even
in session two. They started sesing the sense when
we started session three.” [A]

“They would say that they thought it was only the
child who was supposed to play but they are
mature people they can't play.” (C]

“Mothers never knew that you can talk to a baby
who has not yet started talking.” [C]

Acceptability of program’s key messages about play, talk, love & respect, food, hygiene

“So the mother was not supposed to read the book
from page to page but can tell the story depending
on what child can be able to identify and that was
great.” [1]

“And especially in the- when you are carrying out
the idea of games, you start from what the child
knows, what the child can do easily.” [1]

“Attending the sessions, mothers got to understand
the importance of playing with their children and
they would actually create time to play with their
children and each time you would see an
improvement on the play bag and play material” (2]

“Their children were empty [passive], but when they
see the progress their children are making they
decide to come to know what is next.” (8]

“They learned through the pictures which was very
helpful because when a chid can't talk and you
show him pictures, he will nod his head and it wil
make the child happy.” (C]

“Most of them came to see the importance of the
play bag. At first they were not able to know its
value, they were saying we are not made just to pick
anything on the roadside.” [C]

Mothers (1 = 8 pairs)

“I grew up believing that children are not supposed
to eat eggs because that is what our parents told
us. But here we were told that eggs are very
important to the chid's growth.” (B]

“In a day | must play with the child but you see | was
not used to that because | never did that with my
previous children.” (B]

“Even when you are at home making the dolls,
someone would come and make fun of you, ‘What
are you doing? Are you also a child?” [C]

“I was asking myself ‘how can | leave my chores to
go and play with the child?” but | got used to itand |
found that it was something very easy.” [A]

“Atfirst | did ot like the teachings because |
thought it was a waste of time. (Laughing) .. | came
to like later [after a few sessions].” [C]

“The play bag encourages me to practice the
games. Even if | am busy | will tell the child to go
and get the play bag and play.” [C]

“When you go at the trainings you will get very good
teachings and all the time, we would be shown new
things.” [A]

“lliked the topic of love. It made me learn a lot in my
mariage life and also how to love my children.” (8]

Acceptability of delivery format: structured, prescriptive set of practical activities—Manual with visual job aides

“When we were reviewing these games, | felt happy
when the mothers could mention the games and
describe them on their own. When a mother is able
to demonstrate and describe it then it means she
has understood and s able to do it with the

child.” [1]

“What the CHVs would do is 1o use a group
approach to have discussions around these
sensitive topics [marital refations] and would not go
pinpointing specific mothers.” (1]

“The CHVs had a currioulum and it was really their
guidance. The manual of session guides was very
important because it was a very useful tool for the
CHVs to be able to correctly deliver the sessions to
the mothers.” (2]

“I had a manual such that when | have gone there it
tells me everything. When | feel like am forgetting |
refer to the manual. Then things run smooth
because human beings can forget.” (8]

“When | knew that | will have the sessions on such a
day then | could go back to my books—the
manuals and then | read about the information for
the CHV and also all the activities, and this made
me remember what | wanted to say during the
session.” [A]

“When we started the first session, the mothers
gave us their expectations and what they wished for
their children to be in future. So we told them how
the brains of their childien were going to develop
and if they developed the brains of their children
then they would achieve their wishes.” [A]

“The playing bag that | have in the house will
motivate me and the key messages posters that |
was given will also motivate me to continue
practicing.” [A]

“Even a neighbor who was never in the program
came to ask what the poster s all about and you
explain what it is.” [C]

“When he sat and saw other children there, he
would have the urge of playing, if it is arranging the
shapes and the bottle tops. Even if he didn't arrange
them as required, he would want to play. There are
days when we were not supposed to meet, he
would hold my hands and tell me we go. You know
there are a lot of children there, o he feels happy
when he sees other children playing.” [A]

Quotes from 2 FGDs with supervisors are identified as 1 or 2; quotes from 11 CHV interviews and 8 pairs of mothers are identified by sub-county as A, B, C.
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Subtheme

Benefits to parents

Parent is better able to
regulate emotions

Parent bonds more with
child

Parent uses less violence
against children

Increased conficence and
pride in parenting skils

Benefits to children

Increased autonomy and
responsibilty

Increased participation in
chores

Increased level of
compliance by child

Decrease in occurrence of
tantrums and/or disruptive
behaviors

Program promotes positive
behavior and emotions

Examples of quotes

 “It help me because | can look at myself and say alright | am going to try to control my anger, P'm going to try to control my temper,
1am going to try and control my emotions.”

« “Ilearn how to control my emotions and ot to take it out on them. When they are doing anything is either | correct them or give
them their time or | send them in their room or something.”

« “She teaches us when ignorancy (anger) come we must take in a litle breath. and know how to ool down with them because
during that time we taking our breath, now you thinking something different.”

 “It make me spend more time with them and help me to identify when something is wrong with them and it also helps to meet their
needs more.”

« “Mother daughter time. It help me  lot. | would play with her but not that much but since | come to the irie time, | tend to play with
her more often, ... we sing together, we do a lot of stuff that ire time has teach me.”

 “l used to find myself being busy never used to want sit down with my kids. | used to sit down with them but for like one minute or
two but nowadays | find myself that | sit with them all hours playing games or reading or s0.”

« “I'stop beating | just start putting him in the comer.  just used to lick (hit) him for.every ltle thing and | just stop do that and put him
in the comner ...so | realize that beatings don't have anything to do with it cause you beat them and them still not going to hear.”

« “It help me to not to lick (i) him. The first time | would say nothing not wrong with a litle beating and she tell we other ways we
can go about it. It really helpful.”

 “It help me as a mommy, it make me feel proud of myself as a mother.”

« “It make me a better parent.”

« “Ifeel like | am a better person overall—my part playing a mommy, 'm a role model.”

* “Yeah because all shoes them now;, she put them under the dresser plus her dirty clothes, she put it in the basket without me have
totell her”

 *He s not throwing down his things where they are not supposed to be, he puts them where they are supposed to be.”

 “She sweep out the room, she will spread up the bed. Sweep off the veranda, just to get praise.”

 *Yes, she want help me cook, she never normally would want to help me cook.”

« *Sometime you don't even have to tell him about sweep. He grab di broom and sweep.”

« “If you tell her to sit down she listen, it change her a whole heap because first time me talk to her she doesn'tlisten.”

« “It helped me a lot because certain things | would have to be teling *chid’s name* like every day and | don't have to be teling him
again. Like | told him once and he does it.

« *...he s more calmer, he know how to share like it helps, even with the blocks. Instead of jumping up and down and doing things
that is not right to get your attention.”

« *She don't do the rude things that she used to do like fight or curse.”

« *She has become less aggressive.”

 *Him wouldn't cry,like him would come and say me can get this please? And if me say no you can't get it, him just go sit down.
Him wouldn't just bawl (cry) again.”

» “He would do more good things to et your attention, so he wants to be good cause he wants your attention 5o you get less trouble
and more good.”

« “Like him just turn this loving person, everyday ... as him come home, him just hug you and kiss you, good evening, good morning-
‘as morning come he is coming to wake you up first to come and hug you and kiss you.”

* “She's more happy and contented.”
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Subtheme Examples of quotes

Benefits to parents

Parents show better * “Irealize that ... they were better able to manage their emotions so they were calmer and | saw it in how they dealt with
emotional self-regulation the chidren.”

Parents praise their child « “Praising the child more, they actually praise the child a lot more now.

more * Yes and praising the chid for what they've done, focussing on the positive.”

Increased parental interest « “You are now seeing the parents having more interest in how their chidren learn and the things that they do,

in school activities

Stronger parent/child  “Parents are spending more time with the child...interacting and getting to know their child, and know what their child is about.”
relationship * “He [father] seems to be much closer to his daughter than usual.”

Parents use less violence « “Instead of shouting at the child, screaming at the child, barking at the child and the licking, once they started learning how to
against children manage the behavior, that gradually went.”

 “Well, some parents would've spoken to the children in a very negative manner, they would shout at them, they would call them
names and you're seeing a minimal amount of that now.”

Benefits to children

Children have fewer « “He [child] has changed because him nuh fling down himself anymore ... Him nuh throw down and carry on, no tantrum nuh throw,
behavior difficulties nuh nothing.”

« “He always is very aggressive but now he's calming down a litle bit more.”
Children show increased « “It has bt their confidence because like before some of them would've been a lttle bit more on the reserve side now they're
confidence interacting more, they're talking out more”
Children show increased  “Yeah they are excited, always wanting to do something all when nothing is on the floor they are sweeping. Yeah, they just want to
autonomy and responsivilty be helpful.”

* “They're better able to do some stuff for themselves as well ... Alright so where they couldn'’t lace or tie before, you're seeing more
children saying teacher | can tie my shoelace or teacher | can button.”

Benefits to teacher
Teachers have increased + “So it actually show me.. how to manage my emotions, do not lose temper, being in control, it actually help me to do that.”
emotional self-regulation

Teacher uses less violence * *So interacting with this program it has now rounded me a little bit more on how to effectively parent without administering siaps.”
against children at home « “I make sure that you're not supposed to shout; IRIE Teachers are not supposed to hit.”

and at school

Teacher increased use of « “It help me with the praising, the modeling, knowing each child in the classroom, so praising and awarding them like that is one of
other strategies from the the biggest things for my class, and withdrawing attention.”

Toolbox at home and at « "It also helps me deal with my daughter....| give her the clear instructions.. and when she do good things, | praise her.”

school

Benefits to parent-teacher relationship

Stronger parent-teacher  “We work together and anything they can come to me and they can talk with me, they can send messages, they wiite notes. We
relationships have a communication.”

« “It’s casier on me now because they understand some of the things that | have been trying to build with the children so they are
better able to help me.”

Teacher shows more « *So things that | took for granted that they knew, they really didin't know. It was like an eye opener and it taught me how to be a littie

empathy toward parents more patient and tolerant with them.”

'm realizing that some of them really didn't know so my patience level stepped up a notch, my tolerance level stepped up anotch.”
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Issues identified

A core component of the program is the use of modeling (that is being a role
model for your chil). The strategy modeling was not expiicily introduced, it was
discussed and explained when it came up organically during a session.

Parents sometimes missed a session and the sessions are cumulative. Therefore,
a strategy to ensure parents can catch up is required.

Games were used to introduce some skills and parents sometimes had difficulty
generalizing the skills used in a game to an activity with their child.

For some of the practice activities, parents needed additional scaffolding before
being asked to practice the activity themselves.

There were times when parents were less engaged with the material in the
sessions.

Labeling children's emotions was a relatively new concept for parents and they
often reported that they did not use this strategy at home.

Although the simple and clear guidelines outlining the steps in sing a strategy
were generally helpful, some parents stuck to the guidelines too rigily and
missed opportunities to expand their interaction with chid.

In the session that included problem-solving activities around managing child
misbehavior, parents often chose the same three strategies (clear instruction,
chillax, and consequences), rather than using the full range of skills introduced in
the program.

Parents sometimes found it difficutt to see things from their child's point of view.

Changes made

« Incorporate content in the intervention so that it is explicitly addressed.

« During the feedback portion of the sessions, prompt parents to demonstrate
how they used the strategies at home, instead of simply discussing it. This
ensures that parents who have missed a session see a demonstration of
the skills.

« After playing the game, conduct a brainstorm of different things parents can say
and do with their child during the activity.

« Include a demonstration or role-play to show parents how the skills taught in
the game can be applied to their child.

« Develop different deiivery methodis to make the skills clearer. For example,
incorporate additional demonstrations, provide clear and simple guidelines of
the steps demonstrated, use a visual aid showing the strategy in use, and/or
brainstorm with parents what they can say or do prior to asking them to
practice the activity.

« Make adaptations to maximize parent participation by revising the delivery
mode for the content to make it more fun, engaging, and interactive.

« Develop additional pratice activities in labeling emotions and include additional
emphasis on the rationale for labeling children's emotions so that parents view
this as important.

« Faciltators need to make it clear that the guidelines can be used like a recipe.
The steps provide the overall structure and parents can add additional steps to
it according to their child's interests, needs, and responses.

« Develop a wider variety of child misbehavior scenarios to ensure there is a good
match for each strategy introduced through the program.
« Developed additional visual aids depicting these child misbehaviours.

« Provide additional opportunities for parents to play the role of the “chid”
especially in situations in which they were less empathic.
« Incorporate discussions around chikdls point of view.
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Session Key topic

Core content Child-led play activity

1 Praise
2 Praise throughout the
day

Paying attention to your child's positive behavior. Coloring
Spending indiviciual time (e Time) with your child.

Praising yourseff.

Giving your child positive attention during dally Blocks

activities by describing what your chid is doing and
responding to your chid.

Involving your chid in household chores.

Taking time out of the day to do something you like

3 Clear instructions

4 Why children
misbehave and
teaching household
rules

(Me time).
How to give your child clear instructions. Picture book (My
Knowing your child. School Day)

Understanding the reasons for child misbehavior. Blocks and animal
Explicily teaching your chid the behavior you
want/household rules.

Giving your child choice and independence.

NT AND CHII

U
5 Emotions.

Understanding how your own emotions affect the Picture book (My
way you respond to your chid's behavior. Emotions)

Ways to calm down when feeling angry.

Labeling your chid's emotions.

Turtle technique to help your child control his/her

anger.

6 Managing
misbehavior 1

7 Managing
misbehavior 2

Blocks, animals, and a
Withdrawing attention from attention-secking vehicle

behaviors.

Giving your child positive attention after dealing with

amisbehavior.

Redirecting your child's attention and behavior.

Pretend play (kitchen set)

How to use Chillax (timeout for misbehavior).
Giving appropriate consequences.

Giving your child positive attention after using
Chillax or other consequences.

Problem-solving - applying the strategies learnt to
ifferent chid behaviors.

8 Helping with
homework

Establishing a homework routine. Picture book (My Day
Scaffolding your child when doing homework. with Mornmy)

How to give your chid positive and corrective

feedback.
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Topic

Common misbehaviours
and reasons for slapping
child

Instructions given to child
repeatedly

Typical games/toys children
play with

Words used to praise and to
reprimand child

Household routines,
common activities and
common issues

How the information was used i

intervention development

« Practice activities were designed to demonstrate and practice how to teach desired skills to children (e.g., how to pack up
toys, how to put toothpaste on a toothbrush, how to put dirty clothes in the wash basket).

« Common misbehaviours were used in a problem-solving activity to encourage parents to consider why children misbehave
(e.g., why do chidren climb the grill, use the mother's lotion, and use bad words).

« Role-plays were designed to encourage parents to problem-solve how to use the strategies to manage child misbehavior
(e.g., role play of a child having a tantrum, jumping on the bed, child non-compliance). Parents discuss potential solutions
and then role play how to implement them.

« The information was used to design visual aids depicting children exhibiting common misbehaviours that will resonate
with the parents (e.g., jumping on the bed, climbing up the gril, marking on the wall with crayon, hitting their sibling).

« The phrases reported by parents were used to design role-plays to help parents to give clear instructions. The role plays
involved the faciltator using common ineffective instructions (e.g., “Behave yourself,” “setle down,” “relax yourself,” “stop
doing that") and the parents would problem-solve how to change the ineffective to an effective instruction.

« The parental responses informed the play materials that would be used in the program. These included coloring, blocks,
cars, animals, kitchen set, and picture books.

« The responses were also used to help parents think about what activities can be done in Irie Time.

« These words were used in the dialogue for role-plays. This ensures the content was relatable to parents.

« Visual aids were developed to depict everyday routines of children and parents (e.g., eating breakfast, bathing, brushing
testh, getting dressed) and common household chores (e.g., washing clothes, making dumplings, sweeping). These
visual aids were used to encourage parents to think about (1) what they can say to their chid, (2) what they can praise
their child for, (3) what skils they can teach their child, (4) how they can involve their child, and (5) how they can promote
choice and independence.
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Acceptability

Fun and engaging

Acknowledges parents’
strengths

Parents see benefits to
themselves and their child

Fea

ity

Logistics of session: timing
and duration

Minimum equipment
required to conduct
intervention

Parents are able to use
strategies in their daily lves

Individualizing the content

Relevance

Scenarios/examples
resonate with parents

Include content related to
homework

Decisions made to increase acceptability

Session structure incorporates variety to maintain interest.

« Sessions start with an action song or game to engage the parents and set the tone for the rest of the session.

« Use of games to teach parents how to use strategies.

« Skits showing ineffective parenting behaviors are humorous and the behaviors are exaggerated to evoke laughter.

« Parents are provided with multiple opportunities to actively participate in the session through games, practice activities, role plays,
and discussions.

* Visual aids depict funny and relatable scenarios that make parents laugh and prompt thought processes.
« Parents share positive strategies they are using and are praised for using them.
* Parents share how they use the strategies at home with their child.

« Parents are encouraged to identify ways in which they are being a good parent and to praise themselves for their positive
parenting skills.

« Brainstorms and discussions are done to point out benefits of the strategies.
« After practicing a strategy, participants share how using the strategy made them feel and how they think their chid wil feel.

Decisions made to increase feasi

ity

« The sessions are conducted at a convenient time: either in the mornings when parents drop off their child or in the aftemoon after
school, depending on the availabilty of parents in the group. Sessions are conducted while the child is at school so they don't need
to arrange for child care.

 The sessions are relatively short, lasting about 90min. This is  realistic amount of time for the teacher to dedicate to the session
and appropriate length of time for parents.

« The intervention willinclude eight sessions so the intervention can be feasibly delivered within one school term.

* Allvisual aids were designed to be hand-held and we choose not to use a flip-charts and a flip chart stand to display materials or to
scribe parents’ responses.

 No videos, audios or presentations were included in the intervention so no special equipment or electricity supply was required.

« To minimize the need for furniture, cardboard placed on parents’ laps was used instead of a table for the play activities with their
child.

o All materials for the program are stored in a portable plastic container.

 Content presented easily fits into parents' daily outines with their children.

« Resources required are provided or readily available to participants at home.

« Strategies are presented and practiced in a clear and detailed way so that parents can easily generalize what is done in the sessions
to their real ives.

« Parents are supported i setting goals as to how and when they will use strategies in their own lives,

« Parents are encouraged to share any difficullies faced with their use of the strategies at home and to engage in
group problem-solving.

Decisions made to increase relevance

Incorporate content that resonated with parents the most.

Content that seemed irrelevant or did not resonate were discarded, reconsidered or refined to make it more relatable.
Additional content and supporting materials were designed based on examples or stories parents shared that resonated with
the group.

As the parenting intervention s designed to be integrated into the services provided by preschools, we included a session on how
parents can support their child's homework. This included content on homework routines, explaining the task, scaffolding their
child, and providing positive and corrective feedback.
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Effectiveness

Logistic of session: group
size

Parent understanding of
skills and using the
strategies

Parents are motivated to
use the strategies

Parents use strategies at
home

Parents can generalize to a
variety of situations

Collaborative,
supportive/non-critical

Session structure

Decisions made to increase effectiveness

The group size is small (6 participants) so that each participant gets an opportunity to practice skills with individual support.
Groups include an even number of participants to faciltate practicing in pairs as this maximizes engagement.

Faciitators model the use of the strategies throughout the sessions.

Facilitators demonstrate clearly what parents are expected to do.

Picture cards depicting the strategies are shown and discussed.

Simple guidelines outlining the steps used in each strategy are drafted to help parents understand and remember the conternt.
Hand-held charts are sed with the steps listed in a clear, succinct manner to reinforce these guidelines. However, the numbers of
charts per session were kept to a minimum to ensure sessions didn't become didactic.

Parents are given positive feedback when they use the strategies in the group and when they share how they used the strategies at
home.

Benefits of the strategies are discussed.

Parents asked to share how they feel when the strategies are used with them in the role of the ‘child’ and asked how they think
their child would feel.

Home assignments are given that encourage parents to use the strategies at home.

To add a level of accountabilty, simple record forms, requiring litle reading and writing, were designed for parents to record their
use of the strategies at home.

Each session starts with parents sharing how they used the strategies in the previous week.

Atake-home card for parents was developed for each session. The card included the key points from the session, written in a
succinet, simple, reader-friendly style to act as a prompt for parents to use the strategies.

Parents set individual goals of how they will use the strategies across different context and situations. This encourages parents to
consider how the strategies can be integrated into their daily lives and increases the chances of them using it.

Parents are encouraged to openly share their struggles with parenting and to engage in group problem-solving.

Parents are encouraged to use their own phrases, expressions, and display their own personality during role-plays.

Faciltator demonstrates the use of the strategy before parents are required to practice.

Faciltator models the use of the strategies throughout the sessions.

Faciltator prompts parents to use strategies.

Faciltator gives parent positive feedback when they use or practice the strategies.

Parents are encouraged to praise each other.

In addtion to discussions, demonstrations, practice, and rehearsal with the parents, we decided to include the opportunity for
parents to also practice the child-led play activities with their child as an integral part of each session. During this practice activity,
parents receive support, and feedback from the failtators.

Children are brought out for the play session for 15 min and then retur to class. Debriefing of the activity and recap of the session
then ocours.
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Type of refinement

Additional content: included
content that would explicitly
benefit parents

Content
misunderstood/hard to
grasp: refinement included:
changing the delivery format
orincluding an additional
mode of delivery to better
elucidate the concept.
Session structure: include a
structured feedback section
in each session where
parents share how they
completed the home:
assignment.

Additional materials: irie
parent oath, irie tower

Building in redundancy

Additional training guideiines
for the co-facilitator

Examples and rationale for refinement

« Self-praise: each week parents share one thing they are proud of as a parent. This was necessary as we recognized that the parents
found it iffcult to identify and verbalize their positive parenting skils.
 Me Time: encouraged parents to take time out of the day to relax and de-stress.

« Include additional demonstrations by the faciltator prior to having the parents role-play a skill when necessary. This ensured the
parents had a better understanding of how to use the strategy prior to participating in the activity.

« Prior to participating in a practice activity, show a picture card of a parent using the strategy to stimulate discussion. This helped as
parents had more ideas of what they could say or do in a particular activity with their child.

« Brainstorm different words, phrases and actions parents can say or do before they participate in a role-play to give parents explicit
ideas of how o act in the role-play. This increased their understanding of the content and their confidence to use the strategy.

 More structure was given to the feedback part of the session to encourage parents to do the home assignments. Each parent shared
how they used the strategies at home, using the weekly record sheet as a guide. This demonstrates the importance of completing
the assignment and shows that it is expected that program participants engage with the material at home.

« If parents were unable to complete the assignment, they are helped to problem-solve to increase the likelihood that they will
complete the assignments going forward and are able to use the strategies at jpe.

At the end of the final session of the program parents sign an oath that they will continue to be an lrie Parent and use the strategies
learnt. The oath s designed to help parents self-identify as an Irie Parent.

 We designed a visual representation of the program, called the IRIE Tower. The content covered through the parenting sessions is
represented by blocks in the Irie Tower. And after each session one or more blocks are added to the tower until it is complete. This
helps parents to track their progress and provides the opportunity to continually review prior content. It also acts as a simple
memory aid for parents to remember what they have learnt and how to apply the strategies in their daly interactions with their child.

* We revised the parent training scripts to ensure that the key concepts are reinforced as often as possible in every session.

« The Irie Tower is used every week to review the blocks already covered as well s to discuss the new blocks added during
the session.

« To promote the engagement of the co-facilitator in the parent sessions, we designed a structured, scripted role in the session for
the co-faciitator which was made expliit in the script. This role included participating in role plays and demonstrations, prompting,
and coaching parents as they practiced the actvities, promoting parent engagement, and assisting parents as they practiced with
their child.
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Common content in maltreatment
and child disruptive behavior
programs

* Knowledge of child development

* Parent-child relationship building

+ Child-led play

* Praise

Rewards

Promoting children’s social skills

Giving commands

Setting rules

+ Ignoring negative behavior

* Timeout

+ Consequences

 Anger management

* Emotional communication
(understanding, identifying and
labeling emotions)

o Parent-self management

+ Consistent responding

Common delivery components in
maltreatment and child disruptive
behavior programs

+ Psychoeducation

Role-plays, practice and rehearsal
Demonstration and modeling
Positive and supportive feedback
Problem solving

Practicing with own child
Assigning homework

* Providing materials

* Reviewing goals and progress

Content of the Irie Classroom
Toolbox appropriate for parents

Praise

Rewards

Choices
Responsibilties
Coaching/narrating
Interactive reading
Clear Instructions
Teaching required skills
+ Emotion regulation
* Anger management
* Redirect

Withdraw attention
Consequences
Discipline hierarchy

Behavior change techniques used
to deliver the Irie Classroom
Toolbox

Modeling

Demonstrations

Role-plays, practice and rehearsal
Positive and supportive feedback
Goal setting

Collaborative problem-solving
Classroom assignments
Providing resources

Group/peer support
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Research Question

1. What program resources such as
currioulum, design and adaptation were put in
place ahead of implementation to fit the needs of
parents and delivery agents? Was the program
content and delivery acceptable to them?

2. How did Outputs such as delivery fidelity and
parental attendance and enactment change over
the 8-month course of the intervention, and what
determined these Outputs?

3. What features of Inputs and Outputs were in turn
associated with child and parent Outcomes, and
how did this differ by delivery mode?

Quantitative

Source:
- Household Survey: parental stimulation (FC)) and
nutrition practices.

Sources:

- CHV knowledge test after training

GHV Survey: age, education, experience

Supervisor monitoring forms

CHV self-assessment forms

Parental session attendance records

Analyses:

- Link self- and supervisor monitoring forms and
parent attendance data with CHV and household
characteristics to explore determinants in
multivariate analyses

Sources:

- Experimental design: random assignment to

group-only or group-home sessions.

Endline survey data on parent and child Outcomes

CHV knowledge test after training

CHV Survey: age, education, experience

- Supervisor monitoring forms

Analyses:

- Link final Outcome data with experimental
interventions, household characteristics, as well
as CHV performance and characteristics to
explore determinants in multivariate analyses

Qualitative

Source:

- Semi-structured interviews with parents, CHVS,
and SWAP staff

Content analysis:

- Need for and acceptabilty of the curriculum
content and delivery format

Sources.

- Semi-structured interviews with CHVS, parents and
SWAP staff

Content analysis:

- CHV and SWAP staff perspectives on quality of
CHV training, supervision, refresher trainings, and
delivery, how easy/hard to demonstrate and coach
parents

- Parent and CHV perspectives on parents’
enactment of new practices and attendance

Sources:

- Semi-structured interviews with parents, CHVs,
and SWAP staff.

Content analysis:

- Benefits of group vs. home sessions, views on
program success.
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Session Key topic

Core content Child-led play activity

2 Praise throughout the
day

Paying attention to your chid's positive behavior. Coloring
Spending indiviciual time (e Time) with your child.

Praising yourself.

Giving your child positive attention during dally Blocks
activities by describing what your child is doing and

responding to your chid.
Involving your chid in household chores.
Taking time out of the day to do something you like

NTING M HAVIOI
3 Clear instructions
4 Why children
misbehave and

teaching household

(Me time).
How to give your child clear instructions. Picture book (My
Knowing your child. School Day)

Blocks and animal

Understanding the reasons for child misbehavior.
Explicitly teaching your child the behavior you
want/household rules.

Giving your child choice and independence.

Understanding how your own emotions affect the Picture book (My
way you respond to your chid's behavior. Emotions)

Ways to calm down when feeling angry.

Labeling your child’s emotions.

Turtle technique to help your chid control his/her

anger.

6 Managing
misbehavior 1

7 Managing
misbehavior 2

Redirecting your child's attention and behavior. Blocks, animals, and a
Withdrawing attention from attention-seeking vehicle

behaviors.

Giving your child positive attention after dealing with
amisbehavior.

How to use Chillax (timeout for misbehavior).

Giving appropriate consequences.

Giving your child positive attention after using
Chillax or other consequences.

Problem-solving - applying the strategies leamt to

Pretend play (Kitchen set)

8 Helping with
homework

different child behaviors.
Establishing a homework routine. Picture book (My Day
Scaffolding your child when doing homework. with Mommy)

How to give your child positive and corrective
feedback.
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Infant characteristics

Gender

Boys

Girls

Age (months), median (min-max)
Breastfeeding®

Exclusive

Mixed

None

Birthweight (g), mean  SD

Parent characteristics

Maternal marital status

Single mother

Unstable union

Stable union

Mother's age (years), medium (min-max)
Mother finished secondary school, %
Father's age (years), median (min-max)
Father finished secondary school
Household characteristics

> 6 people in household

> 3 people in same bedroom with child
Pets

Dog

Cat

Other

Vermin

Flies

Mosaqitoes

Cockroaches

Rodents

Food insecurity

None

Mild®

Moderate®

Severe®

Control  Intervention p-value

45.7% 57.5%
59.3% 42.5%
14(1-87)  14(0-41)

81.1% 67.5%
17.3% 24.7%
1.6% 7.8%

3,360 + 453 3,322 + 543

0.0% 3.7%
8.7% 09%
91.3% 95.4%
29(17-46) 29 (16-50)
76.3% 61.5%
32(18-68) 82 (19-67)
88.0% 76.0%
29.1% 25.5%
12.7% 486%
37.8% 58.7%
26.0% 39.4%
23% 1.8%
62.2% 73.4%
638% 422%
38.6% 27.5%
44.9% 29.4%
32.3% 44.9%
24% 56%
60.6% 14.9%
47% 34.6%

PAHO's known risk factors for developmental delay

Anernia in pregnancy
Hypertension in pregnancy

Urinary tract infection in pregnancy

Other complications of pregnancy
Preterm birth (< 37 weeks)

Low birthweight (< 2,500g)

Neonatal jaundice

Exposure to smoke (frewood o cigarette)

Presence of someone with alcohol
problems at home®

ap = 77 in control community.

29.1% 38.1%

87% 20.6%
57.6% 52.6%
13.4% 17.4%
24% 6.4%

32% 7.5%

19.8% 27.1%
16.5% 25%

39.4% 28.2%

0.07

0.76

0.028

0.24

0.001

0.20
0.013

0.74
0.017

0.53
<0.0001

0.001
0.027
0.57

0.07
0.001

0.07
0.014

< 0.0001

0.15
0.010
0.46
0.39
0.12
0.12
0.19
0.11
0.07

BMild food insecurty: the caregiver is worried about not heving enough money to buy food,
“Moderate food insecunty: Food quelty is compromised due to lack of resources.
9Severe food insecurity: Lack of food at home or not suficient food for the child due to

fack of resources.

©Alcohol problems refer to frequent, non-occasional intake of alcohol, or heavy intake of
alcohol until drunkenness. Bold numbers indicate significant differences at p < 0.05.
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CASEL framework EASEL framework

Domain Skills Domain Skills

Self-awareness Identifying emotions, accurate self-perception, Cogpitive Attention control, working memory and planning
recognizing strengths, self-confidence, and sk, inhibitory control, cognitive flexibiity, and
self-efficacy ciitical thinking

Self-management Impulse control, stress management, self-discipiine, Emotion Emotional knowledge and expression, emotional
self-motivation, goal-setting, and organizational and behavioral regulation, and empathy/perspective
skills taking

Social awareness Perspective-taking, empathy, appreciating diversity, Social Understanding social cues, confliot resolution and
and respect for others social problem solving, and prosocial and

cooperative behavior

Relationship skills Communication, social engagement, Values Ethical values, performance values, civic values, and
relationship-building, and teamwork intellectual values

Responsible Identifying problems, analyzing situations, solving Perspectives Optimism, gratitude, openness, enthusiasm, and

decision-making problems, evaluating, reflecting, and ethical zest
responsibilty

Identity Self-knowledge, purpose, seif-efficacy and growth

mindset, and self-esteem
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Baseline Post-interver Post-intervention p-value
(gardens-nutrition) (gardens-nutrition-ICDP)
Clinical Indicators.
Micronutrient intake oc 63.0% 70.9% 71.2% 0.068
ic 28.7% 58.2% 47.2% 0.0001
<0.0001 0.061 <0.0001
Hemoglobin (g/dlL), mean  SD oc 11.040.9° 11.6£09% 1.6+ 1.0% <0.0001
Ic 109+ 1.2° 1.3+ 0.9% 1.3+ 1.1%8 0.010
0.208 0.044 0.027
Anemia ] 44.9% 20.0% 25.9% <0.0001
ic 52.3% 35.2% 27.4% 0.009
0.256 0.016 0.807
Anthropometry®
WAZ, mean  SD cc 04509 035+ 10 036+ 09 0.697
Ic 039+ 1.0 021£10 018+ 10 0.278
0.322 0.148 0.093
LAZ, mean & SD ] 032413 —087+1.0 —038+1.0 0.893
ic 04311 ~0.71£1.1 069 1.1 0.123
0.210 0.009 0.013
WLZ, mean + SD oc 0.87 £0.9 0.81 £ 1.1 087£1.0 0.887
ic 088 1.1 086+ 1.0 086 1.1 0.991
0.472 0374 0.497
HCAZ, mean + SD oc 0.37 £ 1.1 02211 04211 0377
[} 020%12 039+ 12 054£12 0318
0.204 0.145 0.219
Developmental Scale
Normal development* cc 15.7% 16.4% 19.6% 0474
] 11.4% 15.6% 12.9% 0.135
0.342 0877 0.181
Normal development o] 52.0% 50.9% 455% 0.283
with risk factors® ic 65.7% 60.0% 59.3% 0.423
0.035 0.199 0.042
Developmental alert® ] 15.7% 20.0% 205% 0.161
ic 12.4% 8.9% 1.1% 0.260
0.465 0.029 0.056
Suspected developmental delay’ oc 2.4% 0.9% 27% 0.368
ic 2.9% 33% 2.8% 0.882
0.565 0.239 0641
Not Achieving Milestones for Age
Motor delay [ 8.7% 9.8% 45% 0.230
1c 9.4% 7.8% 65% 0.465
0.838 0612 0510
Social/cognitive delay oc 7.9% 45% 3.6% 0.761
] 6.6% 5.6% 8.3% 0.627
0.710 0.722 0.113
Language delay oc 18.9% 22.3% 21.4% 0.627
ic 9.4% 10.0% 9.3% 0.664
0.042 0.020 0.013

1Sample sizes: Baseline: CC = 127; IC = 105-112; 8 months: CC = 110; IC = 90-93; 12 months: CC = 102-112; IC = 106-108.

2Percentages were compared by Ch or Fisher's exact test. Means were compared across time by one-way ANOVA over three times or between IC and CC by Student’s T-est.

Different lower case superscripts represent significant dilferences over time; different upper case superscripts represent differences between CC and IC.

SWAZ, Weight for age Z-scores; LAZ, length for age Z-scores; WLZ, weight for length Z-scores; HCAZ, head circumference for age Z-scores.

“Normal development: chid displays ail reflexes/positions/skills corresponding to age group and no risk factors.

SNormal development with risk factors: chid displays all refiexes/positions/skills corresponding to age group, but one or more risk factors.

SDevelopmental alert: chid does not display one or more reflexes/positions/skills corresponding to age group.

"Suspected developmental delay: chid does not display one or more reflexes/positions/skills comesponding to previous age group, or has HCAZ < 28D or > 2D, or has three or
more phenotypic alterations. Bold p values indicate significant difference at p < 0.05, and Htaics denote comparisons between Control and Intervention Communities during the seme
evaluation point.
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Domain

Positive relationships.
with others

Respect for elders

Obedience

Conscien tiousness

Peace

Independence

Description

The child has good will
toward others, is generous,
and wants to do good
things for others.

The child is polite,
respectful, and obedient
toward elders.

The child listens to others,
does work at home, and is
helpful and amenable
toward others.

The child is aware of what
he does, considers his or
herimpact on others, and
thinks before making
decisions.

The chid respects the
bodies and property of
others.

The child seeks to do things
without help from an adult.

General question

Tell me about how your child
gets along with other children.

How does your child behave
toward elders?

Tell me about when your child
does work at home.

How does your child react when
he or she is unhappy?

What happens when he or she
wants something that does not
belong to him or her?

How does your child perceive
the needs of others?

Does your chid try to do things
independently?

Specific question

What happens when another
chid wants one of his things?
How does your child talk to other
children when they play?

Tell me about what your child
does when his or her friends are
misbehaving.

Tell me about a time that your
child spoke to elders

What does your child do when
an elder asks him or her to do an
emand?

Tell me about a time when an
elder gave your chid advice.

Tell me about how your child
works at home.
Does your child get distracted
from his work?

Tell me about a time when
another child wanted to fight with
him or her. How did he or she
react?

Tell me about a time when there
was a disagreement with his or
she her friends. How diid he or
she react?

Tell me about a time when your
child was angry. How did he or
she calm down?

Tell me about a time when he or
she hurt someone by accident.

Tell me about a time when he or
she wanted something that
belonged to someone else.

Tell me about what your chid she
does when someone needs help

Tell me about a time that your
child's friend was sad. What did
he or she do?

Tell me about a time that your
child was faced with a new task
that he or she had never tried.
What did he or she do?

When your chid bathes, does he
or she want you to help?

Target behavior statement
The child shares with others.
The child speaks kindly to others.

The child inspires others to follow
his or her example.

The child is polite toward elders.
The child greets elders who he or
she sees.

The child does all that elders ask
of himvher.

The child listens to the guidance
of elders.

The child is helpful toward others
at home and outside the home.
The child completes work
without getting distracted

If people provoke him or her, the
child does not react.

The child does not fight with
others.

The child can calm him or herself
down when angry without the
help of an adult.

The child asks for forgiveness
after accidentally hurting
someone.

The child does not steal.

The child helps others in need.

The child is compassionate and
understands others’ feelings.

The child tries new things
without fear.

The child tries to bathe without
parental help.
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Caregivers rated
children higher than
teachers

The child speaks kindly
to others.

The child does not fight
with others

The child is polite
toward elders

The child greets elders
who he or she sees
The child does quality
work

If people provoke him
or her, the child does
not react

The child can calm him
or herself down when
angry without the help
of an adult

Caregivers and
teachers assigned
similarly varied
ratings.

The child shares with
others

The child inspires
others to follow his or
her example

The child does.
errands/favors for
elders

The child listens to the
guidance of elders
“The child asks for
forgiveness after
hurting someone

The child does not
steal

The child helps others
in need

The child is
compassionate and
understands

others’ feelings

Caregivers rated
children lower than
teachers

The child tries new
things without fear
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Tool property

Children assessed
Teachers/caregivers interviewed
Score distribution

Mean

Standard deviation

Frequency of 3 rating
Frequency of 2 rating
Frequency of 1 rating
Frequency of O rating
Cronbach’s alpha

Mean class alpha score:
Inter-rater reliabilty

Latent factors

Teacher tool

539
30 pairs
Normal
242
033
33%
2%
20%
5%
073
048
NA

1

Caregiver tool

29

29
Normal
2.44
0.20
49%
38%
10%
3%
Rater A: 0.6 Rater B: 0.68
N/A
0.91

3
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Study (first author)

Abimpaye (55)

Aboud (48)

Aboud (5¢)

Attanasio (40)

Attanasio (59)

Barnhart (57)

Chang (41)

Gardner (50)

Hamadani (43)

Jin (53)

Luoto (56)

Muhoozi (42)

Murray (58)

Nahar (44)

Powell (51)

Rockers (49)

Singla (46)
Tofail (45)

Vazir (47)

Walker (52)

Yousafzai (39)

Context

Rwanda
Rural Bangladesh

Rural and peri-urban
Bangladesh
Urban Colombia

Rural Colombia
Rwanda

Urban Jamaica,
Antigua, St. Lucia
Urban Jamaica
Rural Bangladesh
Rural China
Kenya

Rural Uganda
Peri-urban South
Africa

Urban Bangladesh
Urban Jamaica

Rural Zambia

Rural Uganda
Rural Bangladesh

Rural India

Urban Jamaica

Rural Pakistan

Design

Cluster RCT

Cluster RCT

Cluster RCT

Cluster RCT

Cluster RCT

Cluster RCT

Cluster RCT

Cluster RCT

Cluster RCT

RCT

Cluster RCT

Cluster RCT

RCT

RCT

Cluster RCT

Cluster RCT

Cluster RCT
Cluster RCT

Cluster RCT

RCT

Cluster RCT

Year of
intervention

2015-2016

2008

2011

2010-2011

2014-2016

2014-2015

2011-2012

not reported

2000-2002

2003

2018-2019

2014

Not reported

Not reported

Not reported

2014-2015

2018
Not reported

Not reported

1999

Enrollment criteria

Children aged 6 to 24 months.

Children aged 8-20 months from poor and very poor famiies excluding
children who had disabilities and children who had not started
complementary feeding

Children aged 4-14 months excluding twins and severely sick and
disabled children

Children aged 12-24 months from the poorest 20% families who were
enrolled in the Familias en Accion cash transfer program

Children under 12 months
Children aged 6 to 36 months

Children aged 6-8 weeks from predominantly lower and lower-middle
income families excluding preterm infants, multiple births, or infants
receiving special care after birth

Undernourished chidren aged 9-30 months excluding twins or chidren
with physical or mental impairments

Undernourished children aged 6-24 months excluding children with
developmental problems

Children aged 0-24 months from impoverished vilages excluding those
with a history of compiicated delivery, significant mediical treatment, or
acute or chronic ilness

children aged 6-24 months

Children aged 6-8 months excluding those with congenital
malformations, physical disorder, or mental ilness

Pregnant women in 3rd trimester

Severely malnourished children aged 6-24 months without acute
infections

Undernourished children aged 9-30 months without chronic disease
and disability

Children aged 6-12 months with caregivers aged 15 years and older

Children aged 12-36 months

Children aged 6-24 months with and without iron deficiency anemia
(IDA) excluding twins and children diagnosed congenital anomalies
Pregnant women in 3rd trimester

Low birth weight (LBW) infants at birth with maternal education below 3
secondary level examination passes excluding twins, those with
congenital abnormalties, receiving special care nursey, and HIV
positive mothers

Children aged 0-2.5 months without signs of severe impairments

Average child age
at baseline

Not reported

13-15 months

6-11 months

18 months

5-6 months.

23.5 months

1-2 months

19 months

15 months

10 months

14 months

7 months

0 month

12-13 months

18-19 months

8-9 months

22 months
15-16 months

3 months

0 month

0-1 months

Average maternal
education

96% primary and below
4-6 years

5-6 years
7-8 years

8-9 years
97% primary and below
10 years

Not reported

52-57% less than 5
years
22-36% iliterate

8.8 years
4.9 years

28-30% less than 6
years

3-4 years

38-43% completed high
school

55% did not complete
primary school

4years
5-6 years

68-75% primary school
orlliterate

3-9% primary and
below

2-3 years





OPS/images/fpubh-08-567900/fpubh-08-567900-g003.gif





OPS/images/fpubh-09-671988/fpubh-09-671988-g005.gif
s s
[
Jo—
PN

1

o

oweman
owomasy
omomas
PR
anozzo
orsioman
onaoom
oenes

o

o
o






OPS/images/fpubh-08-567900/fpubh-08-567900-g004.gif
Joektiated protbilie o Mugiage deiky

‘Frodiotive Margins of Recotving the Intorvention with 55% Cls

£} 3

E) E) 5
Age at fnal cvalution (months)

e p—————————






OPS/images/fpubh-08-567900/fpubh-08-567900-t001.jpg
Initial plan

Partnerships

* Experts in the methodology would train UGV
nursing school professors who, with their
students, would recrut participants,
implement and evaluate the interventions as
part of the curriculum.

Garden intervention

* An agricultural engineer based in Lima was

initially hired to lead planning and planting

community gardens.

« Community gardens would be planted in
each small community on public land.

« Families would pick-up from central locations
seeds and small plants to start
family gardens.

* Training of volunteer CHPs in garden
methodology over continuous sessions in
one intensive week.

Conscious nutrition
+ Community workshops defivered directly to
caregivers at a community kitchens

« Foods were to be purchased from a
‘Wholesale market, and distributed in small
packages so CHPs could take them to
the families

First post-intervention evaluation

« Evaluation of children 6 months after
baseline, following the gardening and
nutrition interventions

ICDP methodology

« Training all 15 CHPs as faciltators of the
ICDP methodology, and hiring them as
part-time contract employees to cover
health insurance.

« Intensive training in ICDP methodology over
3 days

« ICDP workshops and supporting material are
designed to train small groups of parents.

Field situation

« After the initial training and recruitment, the UIGY
realized that logistics, security, contractual and
technical difficutties did not allow them to
continue the partnership.

« Intervention families were scattered within CPRs
over 5km in a steep terrain making access to
community gardens difficult

« The agricultural engineer provided a program
outline, budget and large donation of seeds from
alocal company, but the needed shift to a
house-by-house methodology was not stitable
for him.

« There was land available only in 2 communities

« Soiltests indicated no nitrogen in soil that was
essentially ground rock, and families lacked
transportation to obtain soil and other materials.

« There was no rain in the region, the soil was arid
and the area had a high solar raciation factor.

« The intensive training was insufficient given the
varied level of education (elementary school to
high school), with one local organic gardener, and
given that the un- or under-employed GHPs (14
female and one male) needed to have some
payment and also to take care of their homes.
and children.

« There was only one community Kitchen in one of
the intervention communities, and it lacked the
minimal criteria of water and hygiene.

« All mothers had difficulties meeting at
specific times.

* The work load for wholesale purchase and
preparation of individual packages was too high.

« Acold-chain was not available and most of
beneficiaries including CHPs did not have
arefrigerator.

 There were several weeks of armed violence over
land issues in one intervention community. CHPs
expressed their own and their community's
feelings of fear, uncertainty and abandonment by
local institutions. We were concered about the
health risks for CHPs to visit families.

* There was construction at the health clinics in
Manchay and San Juan (IC) and Las Palmas’
ciinic (CC) was closed due to lack of water and
energy supples.

« Seven GHPs declined the temporary part-time
employee status because they did not want to
lose the free government health insurance.

« Even though we provided two levels of training,
GHPs had dificulty recaling and transmitting
the contents.

« The communities lacked appropriate locations for
group gatherings and caregivers were unable to
attend workshops at specific times. The
challenge was to change the method of delivery
but not the content.

Adaptations

* Our “local team” in Lima took on the implementation,
coordination and logistics for the entire intervention.

« People from the intervention communities were hired and
trained as CHPs to bring the methodology to families.

* Nurses of the local Pachacamac Health Network
supported the research component of the study.

« Two community gardens were established but the focus.
shifted to individual family gardens

« Anurseryman hauled soil and compost for both community
gardens. One of them required a fence, a protective mesh
shade cloth and the installation of a water tank.

« Fertile soil and recycled wooden produce boxes lined with
porous fabric were provided seeds and seedings and
compost tea.

* Motorcycle taxis were hired to help mothers get heavy and
bulky elements home. The local team took materials to the
homes of those who were absent.

 CHP's spent a full day at an organic educational farm run by
refired agriculture professors to learn organic practices.

 Learning was spread out over time, and refocused to
transfer specific simple messages and tasks each week,
through a learning system “gota-a-gota” (step-by-step).

« The local orgaric gardener became our lead supervisor and
educator for the on-going gardening workshops.

* CHPs received a financial incentive.

 CHP's received nutrition training from our team expert.

* Given acceptabilty, feasibilty and accountabity of the
“step-by-step” system, we continued applying it for the
nutrition intervention.

* CHPs were provided with one recipe/week, main
ingredients and key messages about hygiene using printed
material that was delivered directly to each family at
their homes.

* One CHP had a small store in the community. The ‘local
team’ coordinated with her the order and distribution of
‘small packages for other CHPs and their respective
families. Only non-perishable items were distributed.

« Educational workshops were temporarily halted for the
safety of the team. Monitoring of the situation was done
using Whatsapp communication with CHPs.

« The mid-evaluation was delayed by 2 months. Safety
protocols were implemented. Trips anditime spentn the field
were restricted.

* A stress questionnaire was developed for assessing the
impact of confict on children.

* We provided a tent for evaluation of children in Manchay,
and the San Juan health center also installed a tent. In las
Palmas, the nurse made appointments to evaluate
participants in a restricted schedule.

* Only 8 CHPs were hired as part-time employees. They
received caregiver- and facilitator-level training and were
remunerated based on the number of families they were
able to visit. The other 7 CHPs received ICDP training but
did not participate further.

« We reinforced one ICDP guideline and one sensitization
principle each week

* CHPs delivered the ICDP methodology directly to the
homes of participants using the “step-by-step”
learning system.
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How does your child react when he or she is unhappy?

7. Tell me about a time that
another child wanted to fight
with your child. How did he or
she react?

0 f provoked by others, the child does
not react.

0 The chid actively seeks out conflict
and problems.

8. When your child is angry, is
he or she able to calm
down easiy?

O The chid is able to calm him or herself
down when he or she is angry.

O The child needs an adult to calm down
when he or she is angry.
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Factor 1: Emotional
regulation

* The child does not
fight with others.

+ The child does not
react when provoked

* The child can calm
him/herself
when angry

Factor 2:
Responsibility

« The child inspires.
others to follow his or
her example

« The chid is polite
toward elders

« The chid listens to
the guidance of
elders

* The child does
quality work

* The child helps
others in need

Factor 3: Conscience

« The child shares with
others

« The child speaks kindly to
others

« The chid does erands
and favors for elders

« The child does not steal
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Domain

Description

Target behaviors

Positive The child has good will  ® The child shares with others
relationships toward others, is * The child speaks kindly to others
with others generous, and wantsto+ The child inspires others to follow
do good things for his or her example
others.
Respect for The child is polite,  The child is polite toward elders
elders respectful, and * The child greets elders who he or
obedient toward elders she sees
« The child does errands and favors
for elders
« The chid listens to the guidance
of elders
Obedience The child listens to « The child is helpful toward others
others, does work at at home and outside the home
home, and is * The child does quality work
helpful/amenable
toward others
Conscien- The chidisaware of  + The child does not react when
tiousness what he does, provoked
considers hisimpact  + The child does not fight with
on others, and thinks others
before making * The child can cam hinvherself
decisions when angry
« The child asks for forgiveness
after hurting someone
Peace The child respects the  + The chid does not steal
bodies and property of  » The child helps others in need
others * The child understands
others’ feelings
Independence  The child seeks greater * The child tries new things without

autonomy in daily
activities.

fear
« The child tries to bathe without
parental help
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Domain

Positive relationships.
with others

Respect for elders

Obedience

Conscien-tiousness

Peace

Description

‘The child has good will toward
others, is generous, and wants
to do good things for others.

The chid is polte, respectful,
and obedient toward elders

‘The child listens to others, does
work at home, and is
helpful/amenable toward others

The child is aware of what he
does, considers his impact on
others, and thinks before making
decisions

‘The child respects the bodies
and property of others

Positive indicators

The child shares with others, especially food
The child helps others to complete work

The child is helpful/amenable toward others at
home and outside the home.
The child speaks kindly and poltely to others

The child is polite toward elders
‘The child greets people who he/she sees

The child does everything that elders ask of him/her

The child listens to the guidance of elders

The child does errands/favors for elders

The child does not address elders by their real
names

The child does chores at home

The child listens to others

If provoked by others, the child does not react.
The child inspires others to follow his/her example
The child does quality work

The child does not steal
The child does not grab things from others
The child does not fight with others

Negative indicators

The child does not share with others
No quote provided
No quote provided

The child insults others

The child is not polite toward elders
No quote provided

The child does not want to do what
he/she is asked to do

The child does not listen to guidance of
elders

The child refuses to do errands/favors for
elders

No quote provided

The child just wants to play, and never
wants to work

The child does not listen to what he/she is
told

The child actively seeks out conflict and
problems.

The child reacts without thinking about
his/her actions

The child causes a riot.

The child steals
The child grabs things from others
The child fights with others
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For home caregivers

1) The assessor asks the open-ended
question to the caregiver and asks the
caregiver to restate the question in his
or her own words.

2) If the caregiver's response does not
correspond with the intention of the
question, the assessor rephrases the
question until the caregiver
understands the meaning, and writes
down the new phrasing.

3) The assessor asks the caregiver to
respond to the question, and scores his
or her response.

4) The assessor reads the target behavior
statement aloud, asks the caregiver to
give an example of the behavior they
believe the target behavior statement
refers to and writes down the response.

5) If the caregiver's example does not
correspond with the intention of the
target behavior statement, the assessor
rephrases the question until the
caregiver understands the meaning,
and writes down the new phrasing.

6) At the end, the assessor asks the
caregiver to note which questions are
the hardest to understand, which
behaviors are the most important for a
child to have, and which behaviors
were not so important for the child to
have.

For teachers

1) The assessor reads the target
behavior statement aloud, and
asks the teacher to restate
the behavior in his or her own
words.

2)If the teacher's response
does not correspond  with
the intention of the question,
the assessor rephrases the
question until the teacher
understands the meaning,
and writes down the new
phrasing.

3) The assessor asks the
teacher to respond to the
question, and scores his or
her response.

4) Atthe end, the assessor asks
the teacher to note which
questions are the hardest to
understand, which behaviors
are the most important for a
child to have, and which
behaviors were not so
important for the child to
have.
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Caregiver Questionnaire

1. Think of a specific chid that you know between the ages of 3 and 5
that has a “good head” and gets along well with others.

a. What does this child do that shows you that he/she has a “good
head" and gets along well with others?
b. How did this child leam these behaviors?

2. Think of a specific child that you know between the ages of 3 and
5 that is a bit of a “head smacker.” and does not get along well
with others.

a. What does this child do that shows you that he/she is a “head
smacker” and does not get along well with others?
b. How diid this child leam these behaviors?

@This is a direct translation from Baka. Testing revealed that parents found the question
most clear when we described chiciren in this way. A chid with 2 “good head” is one who
generally embaodies communiy values and is admired by aciults. A *head smacker” can
be understood as a child whose behavior makes you slep your forehead and wonder how
he or she got that way.
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Core team

Extended community team

Role Propose and refine data collection tools and procedures Review and recommend revisions to data collection tools
Develop data analysis procedures and procedures.
Co-analyze data, clarify findings Co-analyze data, clarify findings
Develop and pilot questionnaires. Review and suggest updates to questionnaires
Composition Men Wornen Men Wornen
5-10 yrs schooling 2 age 40+ 0-8 yrs schooling 3age 40+ 3age 40+
2age 18-40 3age 18-40 Bage 18-40
10+ yrs schooling 1age 40+ 34 yrs schooling 3age 40+ Bage 40+
1 age 18-40 3 age 18-40 3 age 18-40
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Questionnaire item

18. Helpfulness. Tell me
about what your child
does when someone

needs help.

Question

Evaluation rubric
13. Tell me
about what
your child
does when
someone
needs help.

Mastered

The child reacts
immediately
when he/she
notices that
‘someone needs
help. He/she
helps others,
often without
being asked.

The child helps others in need.
O Mastered [ Partially mastered

O Not mastered

Partially
mastered

The child helps
his or her friends
first but does not
always help
others. He or
she helps others
if you ask, but
not without
being asked.

0 No response

Not mastered

The chid refuses
to help others,
even when
asked. He or she
prioritizes play
and does not
support others in
need.
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Worsening or persistence of food
insecurity

Received interventions

Child stress score

Number of pets in the household
Maternal education, years

Adjusted risk ratios (ARR) are reported.

ARR + SE

0.20 +£0.09
1.64 +£0.20
1734038
0.91£0.01

95% Cl

0.08,0.51
1.29,2.00
1.13,2.66
0.89,0.93

p-value

0.0001
< 0.0001
0.004
0.017

Model

n=199
p <0.0001
Pseudo R? = 0.199

VIF = 1.06
Condition number: 10.45
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A: Motor delay ARR * SE 95% Cl p-value Model

Received interventions 076+ 0.41 026,222 0619

Micronutrent intake 0124000 003,056 0.004 e

Child stress score 1364024 095,198 0.007 i

Pets in the home (number) 3244131 147,7.14 0.0005 Condition number: 4.65

B: Social/cognitive delay ARR + SE 95% CI pvalue Model

Received interventions 1714099 054,635 0342 197

Micronutrient intake 0394023 0.13, 1.24 0.108 . Pd—gfmo' 108

# pets in the home 2724099 133,555 0.0004 gt

Childs stress scale 1334021 097,183 0.082 Gondtion number: 1.8

Maternal education (years) 1284018 096,169 0.300

C: Language delay ARR + SE 95% CI p-value Model

Received interventions 039:+0.15 019,082 0.006 =107
p=00004

Age (months) 0.97 £ 0.004 0.96,098 0.009 Pseudo A? = 0.107

Diarrheal episodes in the last month (number) 177 £ 049 108,304 0.064 =T

Condition number: 7.50
Adjusted risk ratios (ARR) are reported?.
aFor each dependent variable, the analysis was based on whether the developmental delay was detected at 12 months regardless of status at basline.
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Language delay ARRESE  95%Cl p-value

Showing love (Guideline 1, score) 093007 081,107 0468
Following chid’s lead (Guidelne 2, 088+008 074,105 0315
score)

Verbal and non-verbal 099006 083,12 0936

communication (Guideline 3, score)
Praising and appreciating what the ~ 0.80+£0.10 062,108 0197
child manages to do

(Guideline 4, score)

Helping the child to focus his 0.79£0.10 0.62,1.01 0.167
attention and share his experiences

(Guideline 5, score)

Helping the child to make sense of ~ 0.90£009 074,110 0375
his world

(Guideline 6, score)

Helping the child to widen his 090007 077,105 0273
experience

(Guideline 7, score)

Helping the child to learn rules, 0.73 £ 0.06 0.62,0.85 0.010

limits and values
(Guideline 8a, score)

Accomparies the chidto leam step 081004 073,091 0024
by step
(Guideline 8b, score)

Adjusted risk ratios (ARR) # stenderd errors (SE) and 95% confidence intervals
are reported.

Gestures/behavior observed to evaluate the presence of ICDP guides.

Guideline 1: the caregiver caresses, kisses, hugs, comforts the chicd,

Guideline 2: demonstrates interestin what the child does, is sensitive to chid's intentions,
plays what the chid proposes.

Guideline 3 speaks to the chid, smiles at him, looks at him in the eye, communicates at
chid's level of understanding, uses empathic tone of voice.

Guideline 4: praises what the chid does wel, encourages him.

Guideline 5: attracts his attention, joins child’s interests.

Guideline 6 names objects, colors, counts numbers.

Guideline 7: gives explanations about the surroundings, makes comparisons, sings songs,
tells stories.

Guideline 8a: when correcting the chid, the caregiver presents options, provides
explanations and s firn.

Guideline 8b: when the chid tries to do something new, the caregivers accompanies
the chi in what he does, explains step by step, lets him try his best, provides support
without interfering and accompanies chid to achieve chid's goal. Bold numbers indicate
significant differences at p < 0.05.
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Community Post-intervention  Post-intervention P
(gardens-nutrition) (gardens-nutrition-ICDP)

at 8 months at 12 months

Guideiine 1 cc 28413 48416 <0.0001
[ 25£22 54£23 < 0.0001

p 0.131 0015
Guideiine 2 cC 23+11 34x12 < 0.0001
[ 16£15 36419 <0.0001

p 0.0001 0.788
Guideiine 3 cC 41£16 63+22 < 0.0001
ic 34+28 65+32 < 0.0001

P 0.0008 0.383
Guideline 4 cc 0.7£09 18£09 <0.0001
Ic 12412 25413 <0.0001

0.011 ©0.0001
Guideiine 5 cC 13+£09 21+08 < 0.0001
Ic 08£1.0 21414 <0.0001

P 0.0002 0671
Guideiine 6 cC 0606 15£12 < 0.0001
ic 14£16 31420 <0.0001

P 0.0005 ©0.0001
Guideiine 7 cC 02£0.7 17£16 < 0.0001
[ 13£1.9 36426 <0.0001

0.0001 0.0001
Guideine 8a  CC 04£09 22412 <0.0001
ic 1313 32+20 < 0.0001

0.0001 0.0001
Guideine 80 CC 09£15 35417 <0.0001
Ic 13£16 43426 <0.0001

p 0.060 0012

%For each behavior associated with a single guideline (see Table 7), nurses classified the
caregiver-chid interaction as (0) if the gesture/attitude was rot present, (1) if observed
occasionally, and (2)ifobserved frequently. A score summing the values for each behavior
was then created for each guidelie.

bGuideline 1: Showing love.

Guideline 2: Following child's lead

Guideline 3: Verbal and non-verbal communication.

Guideline 4: Praising and appreciating what the chid manages to do.

Guideline 5: Helping the child to focus his attention and share his experiences.

Guideline 6: Helping the child to meke sense of his world.

Guideline 7: Helping the chid to widen his experience.

Guideline 8a: Helping the child to lea rules, limits and values.

Guideline 8b: Accompanies the child to leam step by step.





