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Background: Developmental assessment remains an integral part of the routine evaluation of the wellbeing of every child. Children in resource-poor countries are not routinely assessed for signs of developmental delay and developmental disorders are frequently overlooked. A major gap exists in the availability of culturally appropriate and cost-effective developmental screening tools in many low and middle income countries (LMICs) with large populations.



Objective: To bridge the existing gap, we describe the process of the development and validation of the Ibadan Simplified Developmental Screening (ISDS) chart, for routine developmental screening in Nigerian children.



Methods: We developed an item pool across 4 domains of development namely, the gross motor, vision-fine motor, communication and socio-behavioural domains. The ISDS chart consists of 3–4 item questions for each domain of development, and responses are to be provided by the caregiver. Each chart is age-specific, from 6 weeks to 12 months. A total score derived from the summation of the scores in each domain are plotted on the ISDS scoring guide with a pass or fail score. Each child was evaluated by the Ages and Stages Questionnaire as the standard.



Results: A total of 950 infants; 453 males and 497 females were enrolled. The estimates of internal consistency between the two instruments ranged between 0.7–1.0. Using the ASQ as the gold standard, the ISDS chart demonstrated a sensitivity of 98.8%, 78.4% and 99.7% in the gross motor, communication and the social and emotional domains respectively, for detecting infants who might require further assessment for developmental delays.



Conclusion: The indigenous tool fills a major gap in the need for cost-effective interventions for developmental monitoring in LMICs. Future work should include the deployment of the tool in the wider population, using digital health approaches that could underpin policy making in the region.
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Introduction

There is a huge burden of developmental disabilities in the developing countries (1). More than 200 million people in low and middle-income countries are estimated to have developmental disabilities, with the majority being diagnosed late and having poor outcomes (2, 3). Early identification and timely interventions have long been recognised as the most effective ways of ensuring the best outcomes for children with developmental disorders (4, 5).

Addressing neurodevelopmental disabilities has become more important as significant reductions in infant and child mortality have been recorded in recent years (6). The sustainable development goals (SDGs) provide a framework for policy and action to address the needs of children with or at risk of developmental disorders, especially in resource-poor countries. Unfortunately, many children with developmental disabilities in LMICs are often denied access to appropriate educational opportunities or the acquisition of skills to sustain employment in the future. Other far-reaching implications include lower health status in children, malnutrition, stigmatisation, and a heavy economic and psychosocial burden on the family (7, 8).

There is a disproportionately higher burden of developmental disabilities in the LMICs and it has been estimated that 95% of children with developmental disabilities live in these countries (9, 10). Early identification of infants at risk of neurodevelopmental disorders is a major prerequisite for intervention programmes which significantly affects outcome. It ensures that interventions that aim at positively modifying the natural history of these disorders can start in the first weeks or months of life (11, 12).

Africa is home to about 120 million children who are under the age of five years, and this number accounts for 20% of the world's under-five population (13). In Nigeria, the most populous country in Africa, there are few professionals to attend to the health needs, including monitoring of the developmental trajectories of this large population of children (14, 15). As a result, the few available resources and the few professionals are often overburdened and do not have sufficient time for an elaborate assessment. A simple-to-use screening instrument is therefore necessary to reach more children and to identify those with developmental delays and disorders to ensure early intervention. While current standardised tools from western developed countries have been adapted for use in LIMC populations, the transfer of western-based tests to the African context is associated with significant limitations in score interpretation, cultural appropriateness, and feasibility of use in resource-constrained settings (16).

We aimed to develop a set of test items across the domains of development to conceptualise and develop the ISDS Chart (stage I), test its content validity in a small pilot study (stage II), test the internal and concurrent validity of the ISDS in a larger cohort (stage III) and evaluate the test-retest reliability of the tool (stage IV). Our study therefore set out to bridge this gap by developing a novel, cost-effective, simple, and easy-to-administer developmental screening tool as an indigenous, culturally appropriate, and readily available tool, to facilitate prompt identification of infants and young children at risk of developmental disabilities in our setting.



Methodology


Ethical approval

The study was carried out in accordance with the Declaration of Helsinki declarations. Ethical approval for the study was given by the University of Ibadan/University College Hospital Ethical Review Committee (ID UI/EC/18/0143). After explaining the purpose of the study and that no harmful or invasive procedures would be used, written consent was obtained from each child's parents or guardians for participation in the research.



Study design

This study was carried out in four stages (I–IV) as shown in Figure 1. Stage I focused on the conceptualisation and development of the novel ISDS Chart. This stage involved the development of lists of questions that constitute the items that make up the novel “Ibadan Simplified Developmental Screening” (ISDS) instrument for each age category and the review by two experts to establish the content validity. Stage II was a test of the context validity of the ISDS Chart. This was a pilot study on 50 infant-mother pairs to test its feasibility in the context of the target population and to test the usability (ease of use and understanding) of the ISDS chart.
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FIGURE 1
Flow chart for the development of screening tool.


Stage III of the work aimed at testing the internal and concurrent validity of the ISDS Chart. This was a larger study on 950 infants to investigate the internal and concurrent validity of the ISDS chart using the ASQ-3 as the gold standard. The sample size was derived by assuming a minimum acceptable sensitivity and sensitivity of 70%, and that one out of every ten children screened with the newly-developed ISDS Chart has developmental delay and requires expert evaluation, 807 participants will be needed to achieve a precision of 0.1 at a confidence level of 95%. Buderer's sample size formula for sensitivity and specificity was used to calculate this estimated sample size. Adjusting for a 15% non-response rate, the required sample size increased to 950 participants (17).

Stage IV was undertaken to test the internal consistency of the ISDS Chart. Two non-experts administered the ISDS to 174 infants to evaluate its test-retest reliability.



Stage I: conceptualisation and development of the novel ISDS

The complete ISDS kit consists of the ISDS Chart (Supplementary File S1), which contains the test items for each specific age; the scoring guide for the specific age; and a set of simple toys and everyday items that are locally available and readily familiar to the child, which are used for evaluation of the infants in addition to the responses provided by the caregiver/mother. The ISDS Chart has a section for the documentation of the basic demographic information on the child, and this includes the name, date of birth, date of evaluation, age at evaluation, and the gestational age at delivery to determine if the child was term or preterm at delivery. There is also a provision for the documentation of any concerns that the caregiver might have with the child's development and functioning.

The ISDS items were created in four developmental domains: gross motor, vision, and fine motor; communication (hearing, speech, and language); and social/behavioural (social, emotional, and behavioural domains). We conducted a thorough review of the literature regarding normal ages for attaining the major developmental milestones for each domain of development in children from various cultures. We drew on experts' knowledge and experience, as well as available literature, to identify the significant developmental milestones in each domain at the precise age targets (18–21). The questions were then written in a way that eliminated ambiguity in order to be easily understood by the caregivers. After that, experts reviewed the ISDS charts and scoring guide before the pilot study.

The proposed ages of screening were synchronised with the ages at which routine vaccinations are delivered to infants in Nigeria under the National Programme for Immunisation (NPI) Schedule. Thus, the ISDS items were created for ages 6 weeks, 10 weeks, 14 weeks, 6 months, 9 months, and 12 months (22).



Stage ii: context validity of the novel ISDS

During stage II of the study, a pilot study on 50 mother-infant pairs was undertaken to test the feasibility of the use of the ISDS Chart. The tests were undertaken in the routine infant immunisation clinic of the University College Hospital, Ibadan, Nigeria. The test items were fine-tuned based on the experience with the administration of the screening chart in the pilot study.



Stage III: internal and concurrent validity of the novel ISDS

In a cross-sectional study involving 950 infants, which utilised the ISDS Chart as the experimental screening tool and the Ages and Stages Questionnaire-3 (ASQ-3) as the gold standard for the detection of developmental delay in infants aged 6 weeks to 12 months, the participants were continence samples of infants using a non-probability sampling method, who presented at the Immunisation Clinic of the Adeoyo Maternity Hospital, Ibadan, Nigeria, a secondary health facility; and the Immunisation Clinic of the University College Hospital, Ibadan, Nigeria, a tertiary health facility.

The Ages and Stages Questionnaire (ASQ-3) (23, 24) is applicable as a researcher-administered and self-administered assessment form. It is composed of 21 sets of questionnaires covering the age range of 2 to 60 months. The questionnaire covers the five key developmental areas, namely, gross motor skills, fine motor skills, communication skills, problem-solving/cognition skills, and social/personal interaction. Each set is composed of 30 items, 6 in each domain. Responses to items in all the domains are scored as follows: “yes” response (10 points), “sometimes” response (5 points) and “not yet” response (0 points). The maximum score in each domain is 60 points. Scores obtained from each domain are compared with established cut-off points at one and two standard deviations, which are used to identify children at risk of developmental delay. Referral for further assessment is advised if the score in any domain falls below the 2SD cut-off. If the score in any domain is within the one standard deviation (1SD) and two standard deviation (2SD) cut-off points, it is advised to provide learning activities and monitor the child's development. The ASQ has been proven to be reliable in detecting developmental delays in under-fives. A study reported adjusted sensitivity and specificity (95% confidence intervals) of 87.4% (62.9–96.6%) and 82.3% (80.5–83.9%), respectively (25). The ASQ has been used in the assessment of children in many low and middle-income countries (26).

Two study sites were utilised: the Immunisation Clinic of the Adeoyo Maternity Hospital, Ibadan, Nigeria, a secondary health facility; and the Immunisation Clinic of the University College Hospital, Ibadan, Nigeria, a tertiary health facility. The performance of each child on the ISDS Chart and the ASQ-3 was documented.



Stage iv: test-retest reliability of the ISDS chart

This stage was undertaken to evaluate the internal consistency of the ISDS Chart. Two non-experts administered the ISDS Chart on each child, at the same site and setting, on the same day. A total of 174 infants participated in this stage to determine the test -retest reliability of the tool.



Data analysis

All data were entered and analysed using the Stata BE. 17.0 for Windows (Stata Corp LLC, USA). The sum of the scores for each domain by age groups were determined and the distribution of the ASQ-3 and ISDS scores was examined by measuring the median, mean, and standard deviations (SD) for the study participants' age groups. We also used the Wilcoxon signed-rank test to compare the ASQ-3 development ages to those of the ISDS since the data are non-parametric in nature. Cronbach's alpha was used to measure the internal consistency of each subscale of the ISDS charts. Spearman's rank correlation coefficient between the ASQ-3 score and the ISDS scores were calculated for each developmental area. According to Tavakol and Dennick (27), a correlation greater than 0.60 suggests a high level of internal consistency. The validity of the ISDS in detecting children that would require further developmental assessment was assessed by calculating the sensitivity and specificity, using the ASQ-3 as the gold standard. The optimal cut-off points of ISDS scores of each domain for detection of developmental delayed identified by ASQ-3 was determined using the CUTPT Stata module for empirical estimation of cut-off point for a diagnostic test. The area under the ROC curve (AUC) was used to summarize the overall diagnostic accuracy of the ISDS as a tool for the assessment of development among Nigerian infants. An AUC of 0.5 suggests no discrimination, ability to detect a child that would fail on the ASQ-3 scale, 0.7 to 0.8 was considered acceptable, 0.8 to 0.9 was considered excellent, and more than 0.9 is considered outstanding (28). To assess the reliability of ISDS chart as a screening tool for identifying children who would benefit in further evaluation, two non-experts administered the ISDS to 174 infants and correlations between the test two test scores were determined.




Results


Conceptualisation and development of the novel ISDS

The test items were designed to be simple questions that can be easily understood by healthcare workers at the primary level of care as well as caregivers/mothers of any level of education. The goal of each item question is to evaluate whether the child does or is able to perform the activity in the test item. Each domain has 3 or 4 questions, with a total of 12–16 items of questions for each age-specific chart. The ISDS Chart is to be completed by the healthcare worker with the responses provided by the mother or caregiver of the infant. The responses of the caregiver were corroborated by direct observations of the healthcare worker who administered the ISDS screening test. The ISDS screening test requires that every single test item be evaluated. It was designed as a researcher-administered tool but could also be used as a self-administered tool by mothers or caregivers.



Scoring of test items

The scoring of the test item is on a scale of 0–5 and the caregiver is required to provide one of three responses to each given item of testing; “yes” if the child performs the task/activity well and comfortably; “no” if the child is not yet able to and does not perform the activity; and “somewhat” if the caregiver has observed the activity in the child but not consistently. The responses “yes”, “somewhat” and “no” are scored as 5, 2, and 0 points, respectively. The screening test requires that every single activity on the ISDS Chart for the age group be evaluated and scored based on the guide provided. At the end of the evaluation, the total score for each domain of development is determined and plotted on the ISDS Chart scoring guide. The scoring guide provides specific cut-off points for each domain of development tested. The scoring guides are specific for each age of testing. The score is thereafter plotted in the appropriate box, coloured red and white. The scoring categorised each child into one of two groups; a score in the red box is an indication for referral and further evaluation, while a score in the white box indicates that the child does not require any further evaluation at the point in time (Supplementary File S2).




Internal and concurrent validity of the novel ISDS


Characteristics of the study participants

A total 950 infants participated in the Stage III of the study comprising 453 (47.7%) males and 497 (52.3%) females. The age of participants ranged from 6 weeks to 12 months, and they were categorised into six age groups, namely, 6 weeks (n = 206; 21.7%), 10 weeks (n = 175; 18.4%), 14 weeks (n = 185; 19.5%), 6 months (n = 108; 11.4%), 9 months (n = 198; 20.8%) and 12 months (n = 78; 8.2%). Other descriptive characteristics of the children enrolled into the study are as shown in Table 1. The sex distribution of the participants was not statistically different, with the exception of children who had a background history of neonatal jaundice, which was significantly higher in the male (62.0%) group than the female (38.0%) group. Twelve (1.3%) of the mothers expressed concerns about their child's development, including concerns about vision (n = 4; 0.4%) and behaviour (n = 8; 0.9%).


TABLE 1 Distribution of study Participants’ characteristics by sex.
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Assessment of the ISDS internal consistency

The ISDS consists of four subscales which assess the “vision and fine motor”, “hearing, speech, and language (communication)”, “gross motor”, as well as “social, emotional and behavioural” domains of development, respectively. For each domain of development, the number of test items, mean of the total scores and the estimates of the internal consistency (Cronbach alpha) are as shown in Table 2. The estimates of the internal consistency (Cronbach alpha) fell within the acceptable range of 0.7 to 1.0 except in the gross motor domain among participants assessed on the 10 weeks ISDS instrument which was 0.64. For the subscales of hearing, speech, and language (communication) and gross motor skills, the internal consistency reliability increased with age from 6 weeks to 12 months, while the internal consistency reliability demonstrated no consistent trend in the subscales of vision and fine motor and social and behavioural skills.


TABLE 2 Summary Statistics of Scores and Internal Consistency of the ISDS Scales by Domains and Ages.

[image: Table 2]



Cut off and validity of ISDS compared with ASQ-3 scale

Table 3 presents the cut-off values for the ISDS scores, as well as their sensitivity and specificity for suggesting the need for further evaluation for developmental delay using the ASQ-3 as the gold standard. The ISDS chart demonstrated high sensitivity in the social and behavioural domains (99.7%), gross motor domain (98.8%), and hearing, speech, and language (communication) domains (78.4%). In the vision and fine motor domains (22.3%) and hearing and speech domains (82.6%), specificity ranged from moderate to high.


TABLE 3 Cut-off values for sum ISDS scores for the four domains of development.

[image: Table 3]

The area under the ROC curve (AUC) was used to assess the ISDS Chart's performance in detecting ASQ-3 failures, as illustrated in Figures 2–5. The ISDS chart has AUC values ranging from 0.71 (95% CI = 0.61, 0.74) at 6 weeks to 0.98 (95% CI = 0.94, 1.00) at 12 months of age, all of which are greater than the acceptable 0.7, as shown in Figure 2. Figure 3 shows that the ISDS chart exhibited AUC values above 0.7 in the vision and fine motor domains at ages 6 weeks, 10 weeks, 14 weeks, 9 months, and 12 months, but a slightly lower value at 6 months. Furthermore, for gross motor skills, the AUC values were above the acceptable 0.7 at all ages except 9 months, when it was 0.56 (95% CI = 0.46, 0.67) as shown in Figure 4. In comparison to other domains, the social and behavioural domain had an AUC value of 0.7 at 10 weeks, 6 months, 9 months, and 12 months, which were lower than acceptable (Figure 5).


[image: Figure 2]
FIGURE 2
ROC curves showing the performance of ISDS in the detection of delay in hearing and speech domain at the age-specific optimal cut-off.
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FIGURE 3
ROC curves showing the performance of ISDS in the detection of delay in vision and fine motor domain at the age-specific optimal cut-off.
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FIGURE 4
ROC curves showing the performance of ISDS in the detection of delay in gross motor domain at the age-specific optimal cut-off.
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FIGURE 5
ROC curves showing the performance of ISDS in the detection of delay in social and behavioural domain at the age-specific optimal cut-off.




Test-retest reliability of the ISDS chart

Figures 6–11 show the Spearman rho coefficient of correlations between the scores acquired by two independent users of the ISDS chart on the same children in the same clinic on the same days. Notably, all of the items in each domain at all ages had significant correlation coefficient values, r > 0.7, p < 0.001 (Figures 6–11). The bars shown on Figures 6–11 present proof of high stability and degree of agreement between the two users' ISDS scores at 6 weeks, 10 weeks, 14 weeks, 6 months, 9 months, and 12 months, respectively.


[image: Figure 6]
FIGURE 6
Spearman correlation coefficient of the ISDS scores of two assessors of the same participants aged 6 weeks.
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FIGURE 7
Spearman correlation coefficient of the ISDS scores of two assessors of the same participants aged 10 weeks.
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FIGURE 8
Spearman correlation coefficient of the ISDS scores of two assessors of the same participants aged 14 weeks.
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FIGURE 9
Spearman correlation coefficient of the ISDS scores of two assessors of the same participants aged 6 months.
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FIGURE 10
Spearman correlation coefficient of the ISDS scores of two assessors of the same participants aged 9 months.
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FIGURE 11
Spearman correlation coefficient of the ISDS scores of two assessors of the same participants aged 12 months.





Discussion

In this study, we developed a novel, simple, and culturally sensitive screening instrument, the “Ibadan Simplified Developmental Screening” (ISDS) Chart, for screening children for developmental delays in infancy and also evaluated and demonstrated its validity and reliability for use in the most populous nation in Africa. The inclusion of early childhood development in the United Nations' Agenda for Sustainable Development raises questions about how this objective should be monitored, particularly in settings with limited resources. In addition, it emphasizes the importance of effective monitoring of developmental milestones and surveillance for deviations from the expected trajectory. Tracking child health and development in low-resource nations has been difficult due to a lack of appropriate developmental assessment tools and insufficient manpower to implement measurement (29).

As part of the efforts at developing tools for routine developmental assessments in children in LMICs, El Shafie and colleagues developed the Egyptian Developmental Screening Chart (EDSC) for children from birth up to 30 months (30). The EDSC has a set of checklists based on the Baroda Developmental Screening Test (BDST) questionnaire (31) which consists of 54 items carefully chosen from the 230 items in the Bayley's Scale of Infant Development. In the BDST, 22 items test the gross and fine motor functions while the remaining 32 items test of mental function representative of the cognitive, social and language domains. A Z-score chart for motor and mental development follow up was designed for each age group from birth to 30 months and a 97% pass level of development scores of children was taken as the reference. Any child's score below −2 SD was considered to be indicative of developmental delay and the need for further developmental monitoring. The EDSC was also compared with the ASQ and reported to have a sensitivity of 84.38% and a specificity of 98.36% for identifying Egyptian children who have delayed development.

The review by Neocleous and colleagues (32) on training packages for the use of child development tools in LMICs identified 24 tools used in LMICs but training information was available for only 18 tools. The study showed that the larger proportion of the tools were developed in the USA (6) while there were 2 from India and Bangladesh and one each from Cambodia, Malawi, Mexico and Mongolia. The study identified major gaps in the availability of training tools on the use of the developmental assessment tools used in LMICs. Tools developed in the Western countries used for developmental assessment in LMICs include the Denver's Developmental Screening test, PEDStest, Denver's Prescreening Developmental Questionnaire and the Infant Neurological International Battery (Infanib).

Current evidence therefore shows that many LMICs still assess child development using instruments or charts developed and validated in developed Western nations, such as the ASQ-3 (3, 33). Despite the fact that such established development charts are frequently translated into native African languages, these translations frequently disregard local customs and culture, leading to a misinterpretation of the results. Considering this, we designed, reviewed, and refined the ISDS chart, which evaluates the same set of domains as the ASQ, using our experiences and data from a large cohort of infants living in the densely populated city of Ibadan, Nigeria. The newly constructed ISDS chart was validated against the third version of the ASQ.

Overall, we found the ISDS chart to be a sensitive and reliable developmental delay screening tool for Nigerian infants. It is not time-consuming, no special testing equipment is required, and parents do not need to memorize developmental milestones. The design of the chart is straightforward and conceptually transparent, allowing child health professionals and parents to demonstrate a child's normal or delayed general development. It is useful for depicting a child's continued progress or lack thereof at follow-up. The ISDS Chart exhibited good to moderate and acceptable psychometric qualities as well as content, construct, and criterion validity. The ISDS's strong Cronbach alpha values in all domains at all ages revealed good and acceptable internal consistency, indicating evidence of its dependability. The ISDS Chart expands on the information and techniques of existing ASQ-3 development assessment tools, but it is designed to be used as a screening measure for clinical practice implementation in the context of the Nigerian new-born population. Our findings show that the ISDS, as a novel measure, could be effective in measuring development in Nigerian infants. Periodic developmental screening, it is believed, would result in prompt and correct identification of developmental deficits at each time point, thereby encouraging the need for further investigation and referral for specialist assessment by community workers and lower cadre healthcare providers.

Although the preliminary evidence of validity and inter-rater reliability need further confirmation in a larger multi-site study, the findings allow us to infer that the ISDS Chart satisfactorily identifies children at risk of developmental delay in our large-scale routine clinical practice. The next step in this research should be to figure out how to apply this novel, indigenous developmental screening tool in practice to raise disease awareness and promote healthy behaviour modification.

The ISDS Chart presents numerous benefits as a simple and novel tool for assessing children for developmental delays. It was developed utilising a comprehensive methodological approach that incorporated both qualitative and quantitative data, as well as best practises for assuring content validity. Except for problem-solving, the ISDS builds on current ASQ-3 development assessment tools' expertise by altering the structure of its related areas of communication, gross motor, fine motor, and personal-social. However, each domain of ISDS has a different number of items ranging from 3 to 5, whereas ASQ-3 has a set of six items, although parents score the presence of each skill in a comparable way as “Yes,” “Sometimes,” or “Not Yet” with point values of 10, 5, or 0.


Strengths and limitations

One notable strength of this study was the inclusion of samples of Nigerian children from newborn care and immunisation clinics in Ibadan. Except for a few (1.3 percent) mothers who voiced concern about their children's vision or behaviours that were not clinically significant, these children were supposedly healthy. The fact that we conducted a test-retest reliability study with a different sample population adds to the validity of the new ISDS. Regardless of the familiarity with the content and arousal level of the children, the ISDS charts can be administered by caregivers or health workers, and it is certain that the findings of the tests will be reliable.




Conclusion

Our study resulted in a simple, valid, and effective screening tool for the early identification of children who are at risk of developmental delay and thus require further developmental evaluation and subsequent individualised intervention. Future work should include the wider population deployment of the tool using digital health approaches that could underpin policy making in the region.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by University of Ibadan/University College Hospital Ethics Committee. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

IAL and YA: conceived and designed the study. IAL, YA, AEO and DFR: implemented the study. AEO: worked extensively on data analysis. IAL and YA: wrote the first draft of the manuscript. AEO and DFR: made major contributions to improve the manuscript. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors acknowledge the services of the Project Officer, Mrs. Olusayo Idowu and the Project Nurse, Miss Seyi Akinwumiju. The support of the nursing staff at the Immunisation clinics of the UCH, Ibadan and the Adeoyo Maternity Hospital, Ibadan is hereby acknowledged and appreciated.



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.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2022.1055997/full#supplementary-material.



References

1. Smythe T, Zuurmond M, Tann CJ, Gladstone M, Kuper H. Early intervention for children with developmental delays in low and middle income countries—the case for action. Int Health. (2021) 13:222–31. doi: 10.1093/inthealth/ihaa044

2. Lu C, Black MM, Richter LM. Risk of poor development in young children in low-income and middle-income countries: an estimation and analysis at the global, regional, and country level. Lancet Glob Health. (2016) 4(12):e916–22. doi: 10.1016/S2214-109X(16)30266-2

3. Adeniyi YC, Asinobi A, Idowu OO, Adelaja A, Lagunju I. Early-onset developmental impairments among infants attending a routine immunisation clinic at the university college hospital, ibadan. Int Health. (2021) 14:97–102. doi: 10.1093/inthealth/ihab016

4. Guevara JP, Gerdes M, Localio R, Huang YU, Pinto-Martin J, Minkovitz CS, et al. Effectiveness of developmental screening in an urban setting. Pediatrics. (2013) 131(1):30–7. doi: 10.1542/peds.2012-0765

5. Lipkin PH, Macias MM. Council on children with disabilities, section on developmental and behavioral pediatrics. Pediatrics. (2020) 145(1):e20193449. doi: 10.1542/peds.2019-3449

6. Olusanya BO. State of the world's Children: life beyond survival. Arch Dis Child. (2005) 90:317–8. doi: 10.1136/adc.2004.062240

7. UN. Sustainable development goals. United Nations, New York, NY: United Nations (2015). Available at: http://www.un.org/sustainabledevelopment/sustainable-development-goals (Accessed July, 2022)

8. Olusanya BO, Davis AC, Wertlieb D, Boo NY, Nair MKC, Halpern R, et al. Developmental disabilities among children younger than 5 years in 195 countries and territories, 1990-2016: a systematic analysis for the global burden of disease study. Lancet Glob Health. (2018) 6:e1100–1121. (2016). doi: 10.1016/S2214-109X(18)30309-7

9. Boyle CA, Boulet S, Schieve LA, Cohen RA, Blumberg SJ, Yeargin-Allsopp M, et al. Trends in the prevalence of developmental disabilities in US children, 1997–2008. Pediatrics. (2011) 127(6):1034–42. doi: 10.1542/peds.2010-2989

10. McCoy DC, Peet ED, Ezzati M, Danaei G, Black MM, Sudfeld CR, et al. Early childhood developmental status in low-and middle- income countries: national, regional and global prevalence estimates using predictive modelling. PLoS Med. (2016) 13:e1002034. doi: 10.1371/journal.pmed.1002034

11. Novak I, Morgan C. High-risk follow up: early intervention and rehabilitation. Handb Clin Neurol. (2019) 162:483–510. doi: 10.1016/B978-0-444-64029-1.00023-0

12. Dawson G, Rogers S, Munson J, Smith M, Smith M, Winter J, et al. Randomised controlled trial of an intervention for toddlers with autism: the early start denver model. Pediatrics. (2010) 125(1):e17–23. doi: 10.1542/peds.2009-0958

13. UNICEF (2015). Children-in-Africa-Brochure. Available at: https://data.unicef.org/wpcontent/uploads/2015/12/Children-in-Africa-Brochure-Nov-23-HR_245.pdf

14. Robertson B, Omigbodun O, Gaddour N. Child and adolescent psychiatry in Africa: luxury or necessity? Afr J Psychiatry (Johannesbg). (2010) 13:329–31. doi: 10.10520/EJC72854

15. Okoroafor SC, Ongom M, Mohammed B, Salihu D, Ahmat A, Osubor M, et al. Perspectives of policy makers and healthcare managers on the retention of healthcare workers in rural and remote settings in Nigeria. J Public Health. (2021) 43(Suppl 1):i12–9. doi: 10.1093/pubmed/fdaa262

16. Abubakar A, Holding P, van Baar A, Newton CR, van de Vijver FJ. Monitoring psychomotor development in a resource-limited setting: an evaluation of the kilifi developmental inventory. Ann Trop Paediatr. (2008) 28(3):217–26. doi: 10.1179/146532808X335679

17. Buderer NMF. Statistical methodology: incorporating the prevalence of disease into the sample size calculation for sensitivity and specificity. Acad Emerg Med. (1996) 3(9):895–900. doi: 10.1111/j.1553-2712.1996.tb03538.x

18. Ejemen OP, Bernard O, Oluwayemi DI. Sociocultural context of developmental milestones in infancy in southwest Nigeria: a qualitative study. Eur Sci J. (2015) 11(17):185–201.

19. Iloeje SO, Obiekwe VU, Kaine WN. Gross motor development in Nigerian children. Ann Trop Paediatr. (1991) 11(1):33–9. doi: 10.1080/02724936.1991.11747475

20. Glascoe FP, Marks KP. Developmental-Behavioral screening and surveillance. In: RM Kleigman, BF Stanton, NF Schor, JW St. Geme, RE Behrman, editors. Nelson Textbook of pediatrics. Elsevier (2011). p. 39–44.

21. Sheldrick RC, Schlichting LE, Berger B, Clyne A, Ni P, Perrin EC, et al. Establishing new norms for developmental milestones. Paediatrics. (2019) 144(6):e20190374. doi: 10.1542/peds.2019-0374

22. National Program on Immunisation (NPI) Schedule in Nigeria. Available at: https://www.publichealth.com.ng/national-program-on-immunization-npi-schedule-in-nigeria/ (Accessed 4 November, 2021).

23. Squires J, Bricker D. Ages and stages questionnaire. 3rd edn. Baltimore: Paul H. Brookes publishing Company (2009). Available at: https://brookespublishing.com/cultural-diversity-toolkit/screening-and-assessing-culturally-and-linguistically-diverse-children/

24. Lamsal R, Dutton DJ, Zwicker JD. Using the ages and stages questionnaire in the general population as a measure for identifying children not at risk of a neurodevelopmental disorder. BMC Paediatrics. (2018) 18:122. doi: 10.1186/s12887-018-1105-z

25. Yu LM, Hey E, Doyle LW, Farell B, Spark P, Altman DG, et al. Evaluation of the ages and stages questionnaire in identifying children with neurosensory disability in the magpie trial follow-up study. Acta Paediatr. (2007) 96(12):1803–8. doi: 10.1111/j.1651-2227.2007.00517.x

26. Small JW, Small HH, Vargas-Baron E, Masks KP. Comparative use of the ages and stages questionnaire in low- and middle-income countries. Dev Med Child Neurol. (2019) 61(4):431–43. doi: 10.111/dmcn.13938

27. Tavakol M, Dennick R. Making sense of Cronbach's Alpha. Intl J Med Educ. (2011) 2:53–5. doi: 10.5116/ijme.4dfb.8dfd

28. Hosmer Jr DW, Lemeshow S, Sturdivant RX. Applied logistic regression. John Wiley & Sons (2013).

29. Aina OF, Morakinyo O. The validation of developmental screening inventory on Nigerian children. J Trop Pediatr. (2001) 47(6):323–8. doi: 10.1093/tropej/47.6.323

30. Shafie AM E, Omar ZAL, Bashir MM, et al. Development and validation of the Egyptian developmental screening chart for children from birth up to 30 months. PeerJ. (2020) 8:e10301. doi: 10.1002/9781118548387 (Accessed 15 November, 2022).

31. Phatak AT, Khurana B. Baroda developmental screening test for infants. Indian Pediatr. (1991) 28:31–7.

32. Neocleous M, Hepworth K, Cavallera V, Gladstone M. Training packages for the use of child development tools in low/middle income countries: a review. Arch Dis Child. (2022). 0:1–5. doi: 10.1136/archdischild-2022-32381

33. Bello AI, Quartey JNA, Appiah LA. Screening for developmental delay among children attending a rural community welfare clinic in Ghana. BMC Pediatr. (2013) 13:119. doi: 10.1186/1471-2431-13-119



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Development and validation of the Ibadan Simplified Developmental Screening chart

		Introduction



		Methodology



		Ethical approval



		Study design



		Stage I: conceptualisation and development of the novel ISDS



		Stage ii: context validity of the novel ISDS



		Stage III: internal and concurrent validity of the novel ISDS



		Stage iv: test-retest reliability of the ISDS chart



		Data analysis











		Results



		Conceptualisation and development of the novel ISDS



		Scoring of test items











		Internal and concurrent validity of the novel ISDS



		Characteristics of the study participants



		Assessment of the ISDS internal consistency



		Cut off and validity of ISDS compared with ASQ-3 scale



		Test-retest reliability of the ISDS chart











		Discussion



		Strengths and limitations











		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References





















OPS/images/fped-10-1055997-g011.jpg
Vision and fine motor domain at 12 months

Can baby pick medium sized bead/button... 0.991
Can baby give toy to caregiver when asked? 0.833
Can baby hold/attempt to hold his own.. . 0.871
Is baby able to build a block f2 cubes? 0.908
Speech and hearing domain at 12 months
Does baby say mama and dada? 0.891
Does baby try to imitate words? 0.916
Can baby identify two body parts on self? 0.908
Social and behavioural domain at 12 months
Can baby wave bye bye? 0.892
Does baby use simple gestures like shaking 0.892
Does baby cry when care giver leaves? 0.933

Gross motor domain at 12 months

can baby cruise around Furniture? 0.912
Can baby lower self to pick toys while... 0.908
Can baby pull himself to a standong position... 0.913

0.0 01 02 03 04 05 06 07 0.8 09 1.0
Spearman Correlation (r)







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-10-1055997-g010.jpg
Vision and fine motor domain at 9 months

Can baby pick up toys with only one hand? 0.899
Does baby reach out ,grab and put objects in.. . 0.879
Can baby put objects into containers (with... 0.913

Speech and hearing domain at 9 months

Does baby turn eye/head/body to source of... 0.912
Does baby respond to name? 0.933
Does baby attempt to sing along with a... 0.892

Social and behavioural domain at 9 months

Does baby cry when strangers approach? 0.908
When baby is uset does he show ways of... 0.916
Does baby show excitement at the sight of.. . 0.891

Gross motor domain at 9 months

Does baby get into crawling positions? 0.871
Does baby reach out for toys at a distance... 0.833
Is baby able to sit without support and... 0.991

00 0.1 02 03 04 05 06 07 0.8 09 1.0
Spearman Correlation (r)





OPS/images/fped-10-1055997-t003.jpg
Age and domains Cut-off Sensitivity  Specificity
(cm)

6 weeks

Hearing and speech

Gross motor

Vision and fine motor

Social and behavioural

10 weeks

Hearing and speech

Gross motor

Vision and fine motor

Social and behavioural

14 weeks

Hearing and speech

Gross motor

Vision and fine motor

Social and behavioural

6 months

Hearing and speech

Gross motor

Vision and fine motor

Social and behavioural

9 months

Hearing and speech

Gross motor

Vision and fine motor

Social and behavioural

12 months

Hearing and speech

Gross motor

Vision and fine motor

Social and behavioural





OPS/images/fped-10-1055997-t001.jpg
Total

All participants

Age

4-8 weeks 206 103 | 500 | 103 | 500 | 032

9-12 weeks 175 84 | 480 | o

13-16 weeks 185 86 | 465 | 99 | 535

5-7 months 108 60 | 556 | 48 | 44a

8-10 months 198 89 | 450 | 109 | 550

11-14 months 78 31 | 397 | 47 | 693
Gestational age

Preterm | 71 | 32 | 451 | 39 | 549 | 0.647

Term | 879 | 421 | 479 I 458 [ s11 |
Neonatal jaundice

Yes 380 | 0037

No 532 |
Perinatal asphyxia

Yes 444 | 0744

No 525 |
Neonatal seizure

Yes 750 | 0626

No | 946 | 451 | 477 | 495 | 523 |

NEihais aaeh lask





OPS/images/fped-10-1055997-t002.jpg
ISDS domains

10 weeks

14 weeks

9 months

12 months

Hearing and speech

No. of items 3 4 3 4 3 3
Min—max 5-15 10-20 10-15 5-20 10-15 0-15
Mean +SD 148+ 11 195517 106+ 1.6 196+ 1.8 140418 121541
Cronbach alpha 071 075 0778 0.77 0.77 082
Gross motor
No. of items 3 3 3 3 3 3
Min—max 215 0-15 0-15
Mean + SD 148+10 14810 141420 14416 147£16 167+18
Cronbach alpha 074 0.64 0.77 0.80 0.89 091
ion and fine motor
No. of items 4 3 3 4 3 4
Min—max 12-20 7-15 5-15 0-20 5-15 0-15
Mean =D 197412 148209 144518 187428 144517 143522
Cronbach alpha 075 0.70 0.78 074 0.79 097
Social and behavioural
No. of items 3 3 3 3 3 3
Min—max 5-15 5-15 10-15 515 0-15 515
Mean =D 129525 147512 122+24 141521 13126 133232
Cronbach alpha 072 075 0.76 074 077 087

SD. standard deviation.





OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Development and validation of
the Ibadan Simplified
Developmental Screening chart





OPS/images/fped-10-1055997-g008.jpg
Vision and fine motor domain at 14 weeks
Does Child reach out for toys?
Can Child hold toys at least briefly?

Move her arms together and apart?

Speech and hearing domain at 14 weeks

Does Child turn head to search for..
Does child get recognize caregivers voice?
Does child vocalize ma or da?
Social and behavioural domain at 14 weeks

Does child smile both spontaneously and back..

Does child cry when upset and seek comfort?
Does child smile at herself in mirror?

Gross motor domain at 14 weeks

‘When lying on his back,can child roll from..
Does child hold head steady when held in..

‘When held in sitting position, can child reach..

00 01 02 03 04 05 06 0.7 0.8 09 1.0
Spearman Correlation (r)





OPS/images/fped-10-1055997-g009.jpg
Vision and fine motor domain at 6 months

Does baby follows objects with his eyes in.. }

Does babyreach out for object

Can baby pass objects from one hand to the..

Speech and hearing domain at 6 months

When lying on the back,can baby touch knees. . |

Can baby manipulate rattle

Can baby differentiate between familiar and.. §

Does baby bang objects to elicit sound?
Does baby turn eyes/head to source of sound
Social and behavioural domain at 6 months
Does baby babble?

Does baby respond to own name?

Does baby cry or show displeasure at the loss.. )

Gross motor domain at 6 months

‘When lying on his tummy,can baby raise.. }
‘When lying on his back ,can he/she roll to the.. |

Can baby sit with little or no support?

0.931
0.972
0.812

0.802
0.702
0.891
0.918
0.843

0.806
0.901
0.823

0.902
0.891
0.876

0.0 01 02 03 04 05 06 07 08 0.9 1.0
Spearman Correlation (r)





OPS/images/fped-10-1055997-g004.jpg
Gamats 10 woaks 8 14 waekx
24 24 2
2
5‘ 5' <
is is ia
B s s
a
3 3 3
NI 830 P €102, 100
g
o T T
02 05 07
1+ specitaity
0 meertn
£
®
s
§s.
=
a4
s
AUG = 0.71 {56% Ct 0,47, 109 AUG = 0.5 (R5% = 040, 947) AUC = 063 (95% C1: 053, 1.00)
£ L jLAR T ) S —
60 028 0m 67 10t 00 0B 0% AW 10 oW 03 ors 10

020
spoatcly





OPS/images/fped-10-1055997-g005.jpg
028

0

T30 G048 Om

G warks 2 10 weshs 24 14 weeks
e ©4
s 3
i i
t t
® "
4 =4
B <
ALC = 0.7 §36% C 0,65, 0 80}
g 24
s s
000 025 050 075 100 080 025 080 07 100 80 025 080 075 100
1. sposkcty 1. speckcty 1- speokicty
8 mosms 24 24
B4
s

A0+ 039 0% €t 020 1is)






OPS/images/fped-10-1055997-g006.jpg
Vision and fine motor domain at 6 weeks

Can baby get his fist to his mouth?

Does baby move both hands freely

Does baby focus and follow on your face
Does baby turn head and eyes to a light source
Speech and hearing domain at 6 weeks

Does baby react to loud sound with a startle

Does baby pay attention to speaker's mouth or..

Does baby coo smile in response to face or voice

Social and behavioural domain at 6 weeks

Does baby look at you in the eye for a few..

Does baby suck well?
Does baby smile responsively?

Gross motor domain at 6 weeks

‘When baby is pulled from lying to sitting,.. ;
Does baby lift his head up momentarily when.. |

When is baby held in standing position does. . .

0.633 |
0.798

0.859

0.846

1.000

0.708

1.000

1.000
1.000

0.647

0.708

0.761

0.360 |

00 0.1 02 03 04 05 06 0.7 0.8 09 1.0
Spearman Correlation (r)





OPS/images/fped-10-1055997-g007.jpg
Vision and fine motor domain at 10 weeks

Does baby keep hands opened and relaxed.. | 0.952 |
‘When hand or object is moved close to his.. | 0.927 ‘
Does Child follow faces by moving eyes from.. } 0.972 |
Speech and hearing domain at 10 weeks
Does baby move usually the upper limbs to.. | 0.723 ‘
Has baby started making single vowel sounds. . ; 0.931 ‘
Does baby listen to voice and coos 0.892 ‘
Does baby make sounds to caregiver's smile.. | 0.924 ‘

social and behavioural domain at 10 weeks

Does baby make cooing sounds?(soft,.. | 0.837 ‘
Does babyshow excitement by waving arms. . } 0.912 ‘
Does baby give warm smiles and laughs? 0.972 |

Gross motor domain at 10 weeks

When child is laid on his tummy does he raise. . 0.899 |
Does the head lag significantly when pulled to.. } 0.876 |
Does he make more purposeful movements of.. 0.944 ‘

00 0.1 02 03 04 05 06 07 0.8 09 1.0
Spearman Correlation (r)





OPS/images/fped-10-1055997-g001.jpg
Stage |

Conceptualisation and development
of the pool of test items

Stage Il

Pilot study to 50 mother-infant pairs to
test feasibility and accuracy of test
items

Stage Il

Larger scale study on
950 infants plus
validation of the items
against the ASQ

Stage IV

Test of ISDS
consistency (test-test
reliability) on 174 infants
each evaluated by two
independent users.






OPS/images/fped-10-1055997-g002.jpg
Hearing and Speech Skill

10 wosks. 4 weoks

AC = 0.71 (5% CI: 061, 0.74] AUC = 0,82 $96% Ct 047, 1.00) AUC = 0,69 (95% C1: 089, 095}
84
o0 03 om o 140 000 025 03 075 100 om0 om0 1w
1 - specticty 1 - specitaty 1 - spachichy
24 Srmie 24 9 monms g
1 1 2
: 5 :

5 5 8
AUC = 0.79 (35% Cx 038, 1.00) AUC = 0.70 (95% C1: 067, 0.82) AUC = 0.68 (95% C1: 0.64, 1.00)
24 g4 8
s c - |
00 013 0% 6r 160 000 026 0% 05 100
i P 0 03 08 0% 100





OPS/images/fped-10-1055997-g003.jpg
Vision and Fine Motor Skill

G wosts 18 waeks
z 2 2
° 2 2
s s s
is. is ia
= = B
84 .| B
s s s
AUC = 0.77 6% Ct 0.56.0.78)
24 2 g
sy T T s b T T - ¢ T T T
% 025 0W 075 100 0 @35 0% O 180 002 02 02 o7t 1m0
1= spachicry 1- 1 - apectcty
S monte. @ s 12 moerhs
2 : :
3 2 |3
s s s
fs Ea Ea
= s °
a4 2 8
= s °
g AUC = 0.63 (36% Cx: 0.98, 0.99) 2 AUC = 082 (35% C1: 0,64, 1.00} g AUC = 0,56 (B6% C- 0.66. 1.00)
= T T s b T ol T T
o0 026 0; o1 100 w625 0% om0 002 oM  of0 o1t 1m
1- spachcry 1 - mpechhaly 1 - apuctcty





