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Introduction: Children who experienced mild perinatal adversity (i.e., born late preterm or small for gestational age) are at increased risk for delays in early numeracy and literacy, which increases inequality in educational opportunities. However, this group showed increased susceptibility to the characteristics of their educational environment for literacy, especially for those born late preterm. Intervening in this group may thus be particularly beneficial, provided that their educational environment is highly structured. Delays in numeracy and mathematics are most firmly acknowledged in these children. It remains unclear if these children are also more susceptible to their educational numeracy environment. We test the hypothesis of increased susceptibility to characteristics of their educational environment in the field of numeracy.
Methods: We tested the efficacy of a digital intervention of two to 3 months, which focused on visual spatial skills in a large randomized controlled trial in a sample of five-to-six-year-old kindergarten pupils from 140 elementary schools. About 45% of all participants showed delays in numeracy, of whom n = 67 (11%) were born late preterm, n = 157 (26%) were born small for gestational age, and n = 389 (63%) had no mild perinatal adversities. Pupils were assigned to a guiding and structured intervention focused on visual spatial skills (n = 294) or a control program (n = 319), targeting literacy skills. Results: The intervention did not show a main effect. The program was not effective in children small for gestational age, but it was for children born late preterm (Cohen’s d = .71, CI = .07–1.36), showing stronger numeracy skills compared to term-born peers in the intervention condition. Early numeracy skills in children born late preterm fell behind compared to term-born peers in the control condition.
Conclusion: A highly structured educational numeracy environment, using repetition and adaptive feedback benefited early numeracy skills of late preterm children. These children outperformed their peers in early numeracy skills, while those in the control condition fell behind. Findings align with earlier findings on promoting early literacy in this group through an equivalent literacy intervention. A relatively simple and cost-effective intervention thus may help reduce the risk of educational inequality for children born late pre-term.
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INTRODUCTION
Children who experienced mild perinatal adversity (i.e., born late preterm or small for gestational age) are at increased risk for delays in early numeracy and for literacy delays, increasing inequality in educational opportunities. However, in literacy research children born late preterm, but not the group small for gestational age showed increased susceptibility to the characteristics of the educational environment (Merkelbach et al., 2018). This suggests that intervening is particularly beneficial for the late preterm group provided that the educational environment is highly structured. Moreover, delays in numeracy and mathematics are most firmly acknowledged in this group of children. However, it remains unclear if this group is more susceptible to their educational numeracy environment. Therefore, in the current study we aimed to test the hypothesis of increased susceptibility to the characteristics of their educational environment in the field of numeracy. In early childhood numeracy develops long before formal education starts. Delays in early numeracy skills can however have long lasting effects on the development of mathematical abilities (Desoete et al., 2010). Fortunately, mathematical performance is particularly susceptible to intervention effects (e.g., Gervasoni, 2001), especially when implemented at an early age. Identification of children falling behind in early numeracy could thus prevent serious problems in mathematical performance later in life. In this paper we use the term numeracy to denote the field of numbers, such as understanding numbers, amounts and spatial relations (e.g. bigger, more, less, smaller), in line with Reid and Andrews (2016). Mathematics in this paper refers to learning arithmetic more formally.
Developmental Challenges in Children Born Late Preterm
Children born late preterm (born between 34 and 37 weeks into pregnancy) may have been subject to altered stress responses (Windhorst et al., 2017), or to neural variations that involve many neurocognitive systems. Walsh and colleagues showed for instance that late preterm children had smaller brain size, less-developed myelination of the posterior limb of the internal capsule, and more immature gyral folding than their full-term peers (Walsh et al., 2014). Even though late preterm birth is considered “merely” a mild perinatal adversity (Van der Kooy-Hofland et al., 2012), these children consistently show higher levels of cognitive problems (Shah et al., 2016; Searle et al., 2017) compared to their peers. The experienced cognitive problems are diverse (e.g. Chyi et al., 2008; Woythaler et al., 2015; Martínez-Nadal and Bosch, 2021), but problems in numeracy and mathematics are highly pronounced (e.g. Poulsen, et al., 2013). Mathematics involves many domains (e.g., numbers, quantity, operations, measurement, fractions, geometry, modeling etc.) and is hierarchical in nature, making it a complex skill, especially for children with less well-developed brains (Barnes and Raghubar, 2014).
Developmental Challenges in Children Born Small for Gestational Age
Similar general outcomes are found in children born small for gestational age (below the 10th percentile), also considered a mild perinatal adversity associated with changes in stress response (Windhorst et al., 2017) and alterations in brain size and maturity (Thompson et al., 2019). In childhood and adolescence this group too, is at risk for experiencing a range of cognitive problems (e.g., Sommerfelt et al., 2000; Ido et al., 1995), such as more frequent as well as more severe learning disabilities (O'Keeffe et al., 2003) and poorer school performance (Larroque et al., 2001). Acknowledged is that adverse perinatal factors can influence brain development throughout childhood (Gonzalez et al., 2020), causing problems at all domains of cognitive functioning. However, the link with math and numeracy problems seems to be more firmly established in the late preterm group than in the small for gestational age group.
Differential Susceptibility
These biological alterations associated with mild perinatal adversities interact with environmental factors, culminating in either positive or very negative outcomes: Labayru et al. (2021) for instance show that mild developmental problems in toddlers might develop into clinical problems at school age. Increasing environmental demands at school age compared to toddler age could add to the difficulties these children encounter with executive skills, sustained attention, and memory (Ho, 2018; Jin et al., 2019). Although both these mild perinatal adversities are generally associated with increased chances of negative cognitive outcomes, considering mild perinatal adversities as a mere vulnerability factor might be short-sighted. People who have experienced mild perinatal adversities might be more susceptible to qualities of their environment, for better and for worse as described in the differential susceptibility model (Belsky and Pluess, 2009). Indications of such increased susceptibility have already been identified in studies into the effects of the rearing environment (Windhorst et al., 2017), as well as in studies into the effect of characteristics of the educational environment (Van der Kooy-Hofland et al., 2012; Merkelbach et al., 2018).
Importance of Targeting the Learning Environment
High-quality early childhood education for disadvantaged children, improves their early-life environments which in turn boost a variety of early-life skills and later-life achievements (Elango et al., 2016). Identification of effective (digital) programs for this group is therefore crucial to improve early-life opportunities for disadvantaged children. Mild perinatal adversities are more common in groups already at risk for educational problems, such as low-SES populations (Gardosi and Francis, 2005; Kelly and Li, 2019). Adversities of mild perinatal nature might put children at risk for educational disadvantage lasting well into adult life (Larroque et al., 2001; Labayru et al., 2021). To reduce educational inequality, it is of great societal importance that methods are found to offer educational guidance and tutoring to children with mild perinatal problems.
Susceptibility to the Effects of Scaffolding
Some evidence points towards a possible increased susceptibility to scaffolding in an educational setting in children with mild perinatal adversities. In a small-scale experiment, kindergartners who have experienced mild perinatal adversities were shown to be more susceptible to a digital early literacy intervention. This digital program, Living Letters, characterized by scaffolding offering structure, repetition, and adaptive feedback promoted a phonological awareness and alphabetical knowledge (Van der Kooy-Hofland et al., 2012). For children without perinatal adversities Living Letters had no effect on phonological awareness and alphabetical knowledge. However, children with mild perinatal adversities outperformed their peers after working with Living Letters whereas they fell behind even further after working with a digital control program. This control program was highly similar in terms of scaffolding (i.e., offering structure and adaptive feedback), but did not target letter knowledge.
In the study by Van der Kooy-Hofland et al. (2012), children with mild perinatal adversities were treated as a homogenous group, whereas Merkelbach et al. (2018) showed in their large-scale replication study that only children born late preterm were susceptible to Living Letters, while children born small for gestational age showed similar results as their peers without perinatal adversity. Acknowledging subgroups in children with mild perinatal adversity was shown to be crucial: it seems that children with mild perinatal adversities are a heterogeneous group with different educational needs. Based on current evidence discussed above, it is likely that the scaffolding features of the literacy intervention used by Merkelbach et al. (2018) meet the educational needs of children born late preterm particularly well, but not those of children small for gestational age. Vollmer and Edmonds (2019) showed in their review that children small for gestational age are at greater risk of difficulties with attentional control compared to their late preterm peers. As a result, they may need more scaffolding and guidance than was offered by the digital intervention.
Present Study
The current study was part of a larger research project which focused on promoting literacy. In the current study, to test these hypotheses, we opted for a digital program with similar scaffolding characteristics (structure, repetition etc.) but now in the domain of numeracy; a domain of vulnerability for children with mild perinatal adversities (e.g., Labayru et al., 2021; Poulsen, et al., 2013). This digital program is mainly focused on visual spatial skills. However, in the context of the larger project, children were selected for participation by their teachers based on delays in literacy.
Longitudinal studies have shown that visual spatial abilities (such as encoding and mental manipulation of spatial information) are important for mathematical performance in children (Assel et al., 2003; Bull et al., 2008; Raghubar et al., 2010). A robust finding is that spatial visualization contributes to arithmetic performance via basic number knowledge (LeFevre et al., 2010; Cirino, 2011; Zhang et al., 2017; Yang et al., 2021). That is, the ability of spatial visualization might function as a cognitive tool used by young children to learn basic numerical relations and thus contributes to higher-level mathematics. Also, numeracy and mathematical problems are more prevalent in children born late preterm than in their full-term peers (Nepomnyaschy et al., 2012), and such problems are generally susceptible to the effects of early interventions (e.g., Gervasoni, 2001). Therefore, our research questions are 1) if an early digital numeracy intervention, Clever Together, is beneficial for children, and 2) whether intervention efficacy differs for children born small for gestational age and for children born late preterm, compared to children with normal weight for their gestational age and children born at term. In line with Merkelbach et al. (2018), we hypothesized that children born small for gestational age would not benefit exceptionally more from this digital early numeracy intervention compared to their late preterm peers and in comparison, to their normal weight and term-born peers.
We assessed the efficacy of a digital early numeracy program promoting visual spatial skill: Clever Together in children born late preterm, children small for gestational age, and children without mild perinatal adversities. In Clever Together, in accordance with Living Letters, scaffolding is used to teach basic academic skills. Clever Together consists of short early numeracy or visual spatial ability games which are repeated several times creating a highly structured digital learning environment for children in the same way as Living Letters. In addition, Clever Together includes digital tutors that offer the child continuous and adaptive feedback, and high levels of guidance and explanation. Clever Together highly resembles Living Letters in terms of substantive features, as well as in design (e.g., the same digital tutors), duration and dosage (10 minutes, once a week for two to 3 months). Duration, dosage, and teacher involvement were thus also limited in Clever Together, thereby offering a possible time- and cost-effective solution for supporting vulnerable children. In addition, in some schools there is a high concentration of students with learning difficulties. Those schools are more likely to experience teacher shortages, which can lead to a decline in the quality of education in those schools, increasing inequality in education opportunities. A well-designed digital intervention that helps students with learning difficulties has the potential to have a large reach and can thus contribute to reducing differences (Dondorp and Pijpers, 2020).
MATERIALS AND METHODS
Design
We evaluated the benefits of a digital program targeting visual spatial skill, Clever Together using an experimental design. The experiment was based on an intervention which took place in two separate cohorts (2012/2013 and 2013/2014). Kindergartners were preselected by their teachers for showing early numeracy delays. After receiving parental consent these children were randomly assigned to either the experimental condition (Clever Together) or to the control condition which consisted of a digital book-reading program (Living Books). Pre- and post-testing of early numeracy skills took place as part of the regular monitoring system applied in Dutch kindergarten classrooms, with a standardized numeracy test (national Cito evaluation) administered group wise by the teacher, blind for the hypotheses of the study, in January/February of the second kindergarten year and in May/June, just preceding first grade of primary school. Testing in January/February preceded the intervention. The test in May/June was administered directly after the intervention. The design was evaluated and approved by the Ethics Committee of the Institute of Education and Child Studies at Leiden University (file ID: ECPW-2012/044).
Procedure
A total of 1750 randomly selected schools throughout the Netherlands received an email about the study and were invited to participate. Additional information about the educational computer programs was provided through a website, leaflets, letters and personal contact. Schools were offered 3 months of free access to educational computer programs that normally require a paid subscription (http://www.bereslim.nl) for all pupils, after completion of the intervention. A final set of 140 schools signed up for participation.
Parents provided informed written consent and their email address. Parents received a link to a website with information and frequently asked questions about the project. In case of further questions, they could directly contact the researchers (via phone or email). In the first cohort, parental consent for retrieving perinatal information was not a condition for participating in the study and parents were asked for this specific consent after the intervention was completed. This largely (67.7%) explains the high rate of missing perinatal data in this wave. In the second cohort, in effort to counter the high rates of missing data, consent for perinatal information was included as a condition for participation in the study. This resulted in a much lower total rate (31.7%) of missing data, of which a large part (20.1 out of 31.7%) was due to matching errors between the registry and the research database.
Children worked with the assigned program once a week during two to 3 months. Variability in intervention duration was the result of the number of days off or holidays that fell in the intervention period. Also, the adaptive nature of the program resulted in small differences in the number of sessions offered to the child. The program was completed when children finished all offered games. Children were offered a maximum amount of games each week, making sure, the amount of games were spread out equally and could not be completed in a short period of time. Children who made no mistakes worked faster to consecutive levels of the program than children who made one or more mistakes. The “dosage” in the current study was the same as was used in previous studies (e.g. Van der Kooy-Hofland et al., 2012; Plak et al., 2016). Children independently played the games in a classroom setting only receiving adult assistance for logging in. They wore headphones to prevent that the program would attract and distract other children. Teachers merely logged children on, and hence could not influence the assignment procedure.
Participants
A total of 879 children from kindergarten classrooms of 140 elementary schools, both urban and rural, located across the Netherlands, were initially included in the trial. Children were on average 67.02 months old (SD = 4.46).
Children’s age (in months), gender, and the educational level of the father were assessed. Following the rationale of Van der Kooy-Hofland et al. (2012) on the strong association between educational level of the father and mild perinatal adversities (as compared to educational level of the mother–also in this study the association was stronger), we used father’s educational level instead of that of the mother. The gender and the date of birth of the child were reported by the teacher of the child. The educational level of the father was reported by the parent(s) on a 7-point scale (ranging from no education to university degree or higher).
Children were excluded when there was no consent from the mother to retrieve perinatal information from the national perinatal registry (n = 266), in case of missing data on the numeracy pretest (n = 50) or numeracy posttest (n = 88), or if the information provided by parents (home address and date of birth of the mother) was incomplete and we were therefore unable to retrieve perinatal information from the registry (n = 96). Lastly, children were excluded when information about the educational level of the father (n = 4) was lacking, for all other covariates data were complete. The final sample for whom data on all study variables were available therefore consisted of 375 children (Figure 1). Given the large final sample (N = 375) and the stability of the percentage of perinatal adversities, it was reasonable to assume that random assignment by the researcher would result in a comparable number of children born late preterm and small for gestational age between conditions (Late preterm: Experimental = 10.1%, Control = 11.2%, Small for gestational age: Experimental = 27.4%, Control = 23.0%).
[image: Figure 1]FIGURE 1 | Flowchart from initial to final participant inclusion.
In the final complete case sample of N = 375, n = 179 children were in the experimental condition and n = 196 in the control condition. In the incomplete sample of N = 613 with consent there were n = 294 children were in the experimental condition and n = 319 in the control condition. For explicit comparison, analyses were performed on both the final listwise complete sample (n = 375) and the maximum incomplete sample for whom consent was available (n = 613), after multiple imputation.
Intervention Programs
Clever Together The program mainly targets visual spatial skills–e.g., recognizing shapes, positions, and measures-, problem solving -e.g., hide and seek games in different situations (the park, the living room and at the farm)- strategies for task approach (Sanne depicts an action -e.g., scootering-in which the right objects have to be searched for by the child), and -although to a lesser extent-numbers -e.g., counting from one to ten. In line with the literature we expect these skills to be foundational for the development of numeracy and mathematics (Kyttälä et al., 2003; Bower et al., 2020; Nahdi et al., 2020). The program Clever Together requires children to mentally visualize, transform, and manipulate objects or scenes with the help of spatial mathematical language (e.g., “in,” “behind”). Sim, one of the main characters in the game, asked the child for help in finding Sanne who is hiding behind one of the objects in the illustration (e.g., “I am going to hide behind the blue tree”). In the other 30 games (Figure 2), children had to assemble objects (e.g., a bike) from their parts (e.g., tires, frame, steering wheel), and select attributes for an activity (e.g., taking a shower), thereby practicing with spatial prepositions (e.g., “in,” “behind”).
[image: Figure 2]FIGURE 2 | Clever Together games: Find Sanne who is hiding behind one of the objects (left) or assemble an object from different parts (right).
In the program, a tutor in the form of a teddy bear provided adaptive feedback in a positive and supportive manner. In case of errors a hierarchical set of replies dependent on the child’s response was provided including spatial language feedback when giving hints or explaining the correct answer (see Figure 3). Spatial language feedback has been shown to help young children attend to and encode spatial information (Pruden et al., 2011). Moreover, assignments that were not answered correctly at a first try were repeated in later sessions followed by similar adaptive feedback loops to create several opportunities for practicing difficult assignments. When children made many mistakes, this could result in them having to complete one or more extra sessions. This way we offered all children comparable learning opportunities, focusing on equity instead of equality (that is practice until they mastered the skill at hand). However, because assignments were of a basic level, addition of extra practice sessions was highly exceptional.
[image: Figure 3]FIGURE 3 | Feedback circle in Clever Together.
Control condition The control program Living Books not aimed at promoting numeracy skills, consisted of eight digital, age-appropriate, multimedia storybooks with oral text, each read twice. In each individual digital storybook the story text matched the nonverbal, film-like information including animated pictures, music, and sounds. Each storybook was interrupted four times by digital tutors for questions about difficult words that appeared in the text or about story events, followed by a similar set of hierarchical replies as is offered in Clever Together. However, in this program the questions and answers section only occupied a small part of the session, about 10% of the total duration, while in Clever Together assignments were the main part of the program. The questions and answers did not contain spatial language.
Measures
Cito Numeracy Skills
The Cito Numeracy Test for Kindergarten Pupils (CNT) is a group-administered standardized numeracy test for kindergarten children orally presented by the teachers in January/February and May/June in the senior year of kindergarten when children were five to 6 years of age (Koerhuis and Keuning, 2011). The psychometric properties of the test has been judged satisfactory by a national independent committee that evaluates test construction, quality of materials, norms, reliability and construct validity (COTAN, 2011). The test targets three domains of emergent numeracy and consists of 48 multiple-choice items consisting of three or four answer options in picture-format to choose from: 1. Numbers (i.e. non- and symbolic number knowledge, counting-, organizing-, comparing skills, nonverbal addition and subtraction), 2. Measurement (length, circumference, content, area, time, weight), and 3. Geometry (shape identification, rotation, shape assembly). Teachers scored the test by counting the number of correct responses which were then translated into normative scores, as described in (Frans et al., 2021). Based on these normative scores, the pretest score of the CNT January/February was dichotomized and coded into the 40th percentile or lower (i.e., below average, raw score <78), and average and above (raw score ≥78). At posttest the full range of scores on the CNT May/June was used. Versions of the CNT administered in January/February and the CNT administered in May/June were similar in content and design (derived and matched from the same item pool), but included different items to prevent learning effects (48 items in each version of the test).
Perinatal Data
Netherlands Perinatal Registry (Centraal Bureau voor de Statistiek, 2013) combines data about duration of pregnancy and weight of the child at birth from three registries: the national obstetric database by midwives, the national obstetric database by gynecologists, and the national neonatal/pediatric database (Méray et al., 2007) and covers about 96% of all pregnancies in the Netherlands.
Duration of pregnancy was dichotomized into being born full term (0) or being born late preterm 1) which was defined as a gestational age at birth of 34–37 weeks +6 days, in concurrence with Van der Kooy-Hofland et al. (2012). Our target sample did not include children born very preterm. Small for gestational age was dichotomized into “not small for gestational age at birth” (0) and “small for gestational age at birth” (1), which was defined as lower than the 10th percentile of birth weight for gestational age, considering gender and parity.
Statistical Analyses
Scores on the Cito Numeracy Test at posttest as a dependent measure were regressed on the intervention status, late preterm birth and small for gestational age (coded as dummy variables), and the interactions between late preterm birth and intervention, and small for gestational age and intervention. For both susceptibility markers a dummy variable was created. Children could thus be in both groups, as was the case for two children. Group variance imbalances was evaluated through inspection of the residual distribution across the full predictor and outcome range; normality and homoscedasticity.
All main variables were compared between the experimental and control group using t-tests and χ2 tests. As the total amount of missing data was high (57.3%) we followed Little (1986) MCAR χ2 test procedure to see if data are presumably Missing Completely At Random by testing if the missingness (missing = 0 vs present = 1) was unrelated to characteristics on other variables and therefore allowing for complete cases analyses. To answer the research questions, multilevel regression models were estimated, twice. First, the model was estimated using the selected complete cases. The second estimation was based on datasets resulting from multiple imputation (MI) approach (Enders et al., 2020). Using MI, missing values were imputed (m = 100 sets) via chained equations. Imputation methods were specified separately per variable, including predictive mean matching, linear and logistic regression and random forests where appropriate. The imputation scheme includes all model variables and appropriate two-way interactions. In this second set, estimates of parameters and standard errors from the multilevel regression model were pooled over imputed datasets to obtain robust parameter point estimates, with potentially increased standard errors to account for multiple estimation of missing information (Van Ginkel et al., 2020). Lastly, to assess robustness of results, estimates and standard errors obtained from the multilevel regression model were compared between the two approaches (complete case and MI). Considerable differences could signal that results derived from complete case analysis might have been biased.
RESULTS
Missing Data
Based on Little’s MCAR test (1986), we could not reject the null hypothesis, which means that data were missing completely at random (χ2 (9) = .08, p = .777). Complete case analysis can thus be assumed to lead to unbiased results under a correctly specified model.
Sample Characteristics
Sample characteristics for the complete case selection (N = 375) are presented in Table 1 (see Supplementary Table S1 for the full consenting sample with incomplete information). A small majority of children was male (54.9%), in accordance with the general finding that more boys than girls are delayed in the early years of schooling (Gurian, 2010). Following the definition of late preterm birth by Van der Kooy-Hofland et al. (2012), 40 children (10.7%) were born late preterm. Following the WHO definition of late preterm birth between 34 and 36 weeks and 6 days, 13 children (3.7%) were born late preterm. In total 94 children were born small for gestational age (25.1%).
TABLE 1 | Percentages, means and standard deviations for all main variables, presented for the complete group of children with complete cases and for the experimental (Clever Together) and control conditions (Living Books); p-values for χ2 or Student’s t-test.
[image: Table 1]Table 2 shows the mean Cito Numeracy Test scores at posttest, standardized on the full sample, presented per experimental condition. Scores are presented separately for late versus full term children, small for gestational age versus normal for gestational age, and for the final sample as a whole.
TABLE 2 | Means and Standard Deviations for standardized numeracy post-tests by condition and mild perinatal adversities, based on the complete final sample (n = 375).
[image: Table 2]The Cito Numeracy posttest scores (June) were regressed on dichotomized Cito Numeracy pretest scores, preterm status (late preterm versus full term), size for gestational age (small versus normal), and the two-way interactions: late preterm * condition, and small for gestational age * condition. Variance Inflation Factors for all predictors ranged between 1.01 and 2.45. This is widely considered as low inflation (Akinwande et al., 2015), and thus strongly suggests absence of multicollinearity. Therefore, no further action was taken in the model estimations. Next, we tested if it was necessary to allow the intercept and slope to differ between schools in the regression model (Bickel, 2007). The Intra Class Coefficient of the intercept-only model was .12. The difference between the -2log likelihood of the model with a random intercept and the -2log likelihood of the model without a random intercept equaled .94. Following a χ2 distribution with one degree of freedom, this difference was not significant (p > .10). This indicates that variability in scores on the numeracy test administered after the intervention was similar across schools and intervention slopes are similar across as well, therefore we fitted a multilevel model with nesting within schools for increased precision, but we do not interpret the variance at the school level any further. The fixed effects are interpreted as non-hierarchical ordinary least squares (OLS). All main analyses were performed using the definition for late preterm birth by Van der Kooy-Hofland et al. (2012). Group assignment based on the WHO definition yielded insufficient power to perform the current statistical significance tests. Explicit adjustment for group size imbalance was not performed, even though group sizes for gestational age groups and preterm birth groups are imbalanced, since the assumptions of residual normality was not violated, which is an indication of nonbiased estimations. Furthermore, the assumption of residual homoscedasticity was not violated, indicating equivalent precision in all groups.
Results are presented in Table 3. The CNT pretest (t (373) = 12.89, p <.001) showed a main effect, children with an average or above score on the pretest scored higher than children with a below average score on the pretest. No main effects were found for late preterm birth (t (373) = −1.45, p = .148) and small for gestational age (t (373) = 0.558, p = .577). There was no significant interaction between small for gestational age * condition (t (373) = −0.06, p = .547), however the interaction, born late preterm * condition was significant (t (373) = 2.34), p = .019). Children born late preterm scored higher on the posttest than their peers when working with Clever Together but lagged further behind with Living Books, the control condition (see Figure 4). Four CLT scores were outliers (more than three SDs above the sample mean). The variance of the random intercept at school level (σ2intercept = 1.39) was not significant (SDrandom intercept variance = 1.18).
TABLE 3 | Cito Numeracy scores at posttest, regressed on Cito numeracy scores pretest, experimental condition, preterm status, size for gestational age, and interactions between conditions and mild perinatal adversities. Results are presented for complete cases (N = 375), nested in 140 schools.
[image: Table 3][image: Figure 4]FIGURE 4 | Adjusted, standardized mean scores on the standardized CNT posttest for children born late preterm versus full term assigned to the experimental condition or the control condition.
Repetition of the analysis using MI yielded highly similar results and thus similar substantive conclusions indicating that results derived from complete case analysis were not biased. Estimates were highly comparable across all parameters (Supplementary Table S2). The nonsignificant effect for cohort remained non-significant, but was less negative (closer to zero). The adjustment effect for pretest provided the same estimate and remained significant. The effect of the experimental condition switched direction from positive to slightly negative, which showed that the intervention was not effective in the larger sample after imputation either. The estimate for preterm status became less negative but remained nonsignificant. The estimate for gestational age * condition became less negative, and also remained nonsignificant. The estimate for the interaction between preterm status and condition became slightly smaller (from 7.83 to 6.52) but remained significant. As the multiply imputed datasets are generally less biased compared to complete case analysis (van Ginkel et al., 2020), but models fitted on both types of datasets yielded exactly the same interpretations, we conclude that the results and interpretations are robust.
Estimates obtained using the late preterm birth definition by WHO yielded equivalent point estimates and direction for the association but were underpowered and thus yielded nonsignificant results. For completeness, these results are presented in Supplementary Table S3 (complete cases) and S4 (multiply imputed data).
Effect sizes of the intervention were calculated for the group as a whole and separately for children born late preterm and children born full term (Table 4). For the group as a whole, a small, non-significant, positive effect of Clever Together on numeracy skills at the end of senior kindergarten year was found (Cohen’s d = .15, CI = −.05/.35). In the group born full term, the effect size was close to zero (Cohen’s d = .08, CI = −.13/.30). However, Clever Together produced a large effect in the late preterm group (Cohen’s d = .71, CI = .07/1.36).
TABLE 4 | Effect sizes of Clever Together for the complete group, children born late preterm and children born full term separately.
[image: Table 4]DISCUSSION
We investigated if children with mild perinatal adversities were susceptible to a digital intervention in the domain of numeracy. A scaffolding and adaptive approach characterized the mainly visual spatial skills’ training offered by the program. Late preterm children attending kindergarten, are generally at risk for developing academic delays (Chyi et al., 2008), but on the other hand were found to be highly susceptible to a digital early literacy intervention with the same scaffolding and adaptive approach (Living Letters) (Merkelbach et al., 2018). In line with these results we expected late preterm children also to benefit when the same didactic approach was applied in an intervention in the numeracy domain, another known area of difficulty for this group. We thus tested the hypothesis that children born late preterm need structured scaffolding, that is characterized by repetition, adaptive feedback and guidance irrespective of the domain of learning (literacy or numeracy). Children born small for gestational age and children without mild perinatal adversities were however not expected to benefit. In some studies increased susceptibility in the entire group with mild perinatal adversities is suggested (Van der Kooy-Hofland et al., 2012). However, in later research only the late preterm group is identified as susceptible (Merkelbach et al., 2018), while there was no difference in response between the children small for gestational age and the children without perinatal adversities.
Results offer support for our hypotheses: neither a main effect nor an interaction between small for gestational age and condition was found, while late preterm children clearly benefitted from working with the program (Cohen’s d = .71, CI = .07/1.36). Consistent with the differential susceptibility model (Belsky and Pluess, 2009), when assigned to the control condition, late preterm children fell behind as compared to their peers, while they outperformed their peers after having worked with Clever Together.
Key scaffolding characteristics (repetition, structure, guidance, and adaptive feedback) of both Clever Together and Living Letters seem to meet the educational needs of late preterm children particularly well. We hypothesize that these key scaffolding characteristics facilitate learning in late preterm children. A positive effect of these scaffolding characteristics on especially late preterm as compared to small for gestational size children could be explained by the association between specifically preterm birth and increased levels of maternal stress during pregnancy (Mulder et al., 2002; Dole et al., 2003), which in turn is predictive for increased levels of fearfulness (Pike, 2005) and stress reactivity (Meaney, 2001) in offspring. These characteristics could be expressed as performance- and test anxiety, which are known to have detrimental effects on school performance (McDonald, 2001). In schools differentiated instruction by the teacher that meets the needs of all children is challenging (Suprayogi et al., 2017). Late preterm children might fall behind, possibly due to increased levels of stress reactivity which might cause children to shut themselves from learning experiences (Van der Kooy-Hofland et al., 2012). In the digital program Clever Together however, the scaffolding given through repetition, structure, feedback, and guidance central to the program help clarify the task at hand. Task clarity lowers levels of experienced stress (Richter and Gendolla, 2006). The key scaffolding characteristics of Clever Together (and Living Letters) could thus result in lower levels of stress through providing high levels of clarity and predictability, thereby facilitating learning. In addition, since late preterm birth is associated with for example lower SES (Gardosi and Francis, 2005), these adaptive and supportive educational programs may compensate for a possibly suboptimal learning environment in the home setting. Lack of resources in the home environment interfere with the development of academic skills (Aalders et al., 2020). More research is needed to identify which exact features support the learning of late preterm children as well as through which mechanisms.
We replicated the finding by Merkelbach et al. (2018) that children with mild perinatal adversities are a heterogeneous population with different educational needs; children small for gestational age did not benefit from the intervention. In their review Vollmer and Edmonds (2019) conclude that although they may experience problems with attention, children term born small for gestational age are not hugely impacted by the fact that they are born small for gestational age. Late preterm birth seems to contribute more consistently to the presence of educational delays. Children small for gestational age might not have specific educational needs that need to be addressed in order to thrive. Perhaps they might benefit from different interventions, not specifically targeting scaffolding and potential stress reduction.
Strengths and Limitations
Unavoidably, this study has some limitations. It should be noted that the studies looking into effects of Living Letters (Merkelbach et al., 2018) and Clever Together (current study) are not completely independent. This could be seen as limitation, since in both studies the same control condition was used, thus including largely the same sample of children. However, this approach also allowed for the evaluation of scaffolding in different domains in the same children.
Additionally, teachers selected children based on early literacy delays instead of numeracy problems. Children with literacy delays, thus experience problems in both domains. In line with the literature (e.g., see Davidse et al., 2014; Peng et al., 2020; Purpura et al., 2011) literacy- and numeracy skills of children in this study were highly correlated (in total sample: r = .589, p <.001). However, children might differ from children who only experience problems in the field of numeracy. Additionally, we can only speculate about effective functionalities in Clever Together and mechanisms explaining this effectivity.
Interestingly, although using the late preterm birth definition (34–37 weeks + 6) as in Van der Kooy-Hofland et al. (2012) study yielded a larger number of children classified as born late preterm, compared to the WHO definition (34–36 weeks + 6), the magnitude of the associated parameter estimates was equivalent in both definitions. Since the WHO classification yielded a smaller group, thus lower power, the parameters were not indicated as statistically significant. However, the equivalence of both sets of parameter estimates could be interpreted as evidence for a robust differentially susceptible mechanism via late preterm birth, regardless of its precise definition.
Although details of the Clever Together numeracy intervention require further study, we can conclude that children born late preterm, a vulnerable group, can benefit from this intervention, preventing them from falling behind further in a cost- and time-effective fashion. Findings confirm that intervening in this group is crucial to reduce inequality in education opportunities.
Future Directions
This study offers strong evidence of increased susceptibility to the educational environment in children born late preterm. Future research should focus on unraveling mechanisms underlying this increased susceptibility. Insight into underlying mechanisms leads to opportunities to adapt existing interventions to the needs of different target groups. Additionally, future research might benefit from the identification of more vulnerable subgroups showing increased susceptibility to the learning environment.
CONCLUSION
Merkelbach et al. (2018) showed that kindergartners born late preterm are more susceptible to their educational environment than term born control children when learning literacy skills. With the current study these results are expanded to the domain of numeracy. The digital intervention Clever Together boosted the early numeracy performance of kindergartners born late preterm, while children born small for gestational age, or born at term, do not benefit from this intervention. On the other hand, late preterm children fall behind when assigned to a control condition, following the pattern as described by the differential susceptibility model. This pattern does not hold for children born small for gestational age, and aligns with the findings in this group when offering a digital literacy intervention as was done by Merkelbach et al. (2018). As a possible explanation for the effectivity of Clever Together in preterm children we expect that scaffolding via structure, guidance, and feedback provided by this program offer an optimal learning environment for this group. The findings also underline the importance of well-designed early interventions not only to reduce inequality in education achievement but to give susceptible children a head start.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, upon request, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Ethics Committee Institute of Education and Child Studies—Leiden University file ID: ECPW-2012/044. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS
IM, RP, and RR were involved in the study design. IM and RR were involved in the statistical analyses. IM, RP, MS-dJ, and RR were involved in the discussion on the manuscript and in writing the manuscript.
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.
ACKNOWLEDGMENTS
We thank prof. Marinus H. van IJzendoorn for his contributions to the conception and design of the study.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/feduc.2022.709809/full#supplementary-material
REFERENCES
 Aalders, P., van Langen, A. M. L., Smits, K., van den Tillaart, D., and Wolbers, M. H. J. (2020). PISA-2018 De Verdieping: Kansenongelijkheid in Het Voortgezet Onderwijs. Nijmegen: KBA Nijmegen. Available at: https://hdl.handle.net/2066/227137. 
 Akinwande, M. O., Dikko, H. G., and Samson, A. (2015). Variance Inflation Factor: As a Condition for the Inclusion of Suppressor Variable(s) in Regression Analysis. Ojs 05 (07), 754–767. doi:10.4236/ojs.2015.57075
 Assel, M. A., Landry, S. H., Swank, P., Smith, K. E., and Steelman, L. M. (2003). Precursors to Mathematical Skills: Examining the Roles of Visual-Spatial Skills, Executive Processes, and Parenting Factors. Appl. Dev. Sci. 7, 27–38. doi:10.1207/s1532480xads0701_3
 Barnes, M. A., and Raghubar, K. P. (2014). Mathematics Development and Difficulties: the Role of Visual-Spatial Perception and Other Cognitive Skills. Pediatr. Blood Cancer 61 (10), 1729–1733. doi:10.1002/pbc.24909
 Belsky, J., and Pluess, M. (2009). Beyond Diathesis Stress: Differential Susceptibility to Environmental Influences. Psychol. Bull. 135 (6), 885–908. doi:10.1037/a0017376
 Bickel, R. (2007). Multilevel Analysis for Applied Research It's Just Regression!. New York: The Guilford Press. 
 Bower, C., Zimmermann, L., Verdine, B., Toub, T. S., Islam, S., Foster, L., et al. (2020). Piecing Together the Role of a Spatial Assembly Intervention in Preschoolers' Spatial and Mathematics Learning: Influences of Gesture, Spatial Language, and Socioeconomic Status. Dev. Psychol. 56 (4), 686–698. doi:10.1037/dev0000899
 Bull, R., Espy, K. A., and Wiebe, S. A. (2008). Short-term Memory, Working Memory, and Executive Functioning in Preschoolers: Longitudinal Predictors of Mathematical Achievement at Age 7 Years. Dev. Neuropsychol. 33, 205–228. doi:10.1080/87565640801982312
 Centraal Bureau voor de Statistiek (2013). Documentatierapport Perinatale Registratie (PRN). 
 Chyi, L. J., Lee, H. C., Hintz, S. R., Gould, J. B., and Sutcliffe, T. L. (2008). School Outcomes of Late Preterm Infants: Special Needs and Challenges for Infants Born at 32 to 36 Weeks Gestation. J. Pediatr. 153 (1), 25–31. doi:10.1016/j.jpeds.2008.01.027
 Cirino, P. T. (2011). The Interrelationships of Mathematical Precursors in Kindergarten. J. Exp. Child. Psychol. 108, 713–733. doi:10.1016/j.jecp.2010.11.004
 COTAN (2011). Toelichting bij de beoordeling Rekenen voor Kleuter Groep 1 en 2 LOVS Cito [Commentary on the Assessment of Mathematics for Preschoolers and Kindergarteners LOVS Cito]. Amsterdam: NIP. 
 Davidse, N. J., De Jong, M. T., and Bus, A. G. (2014). Explaining Common Variance Shared by Early Numeracy and Literacy. Read. Writ 27 (4), 631–648. doi:10.1007/s11145-013-9465-0
 Desoete, A., Ceulemans, A., De Weerdt, F., and Pieters, S. (2010). Can We Predict Mathematical Learning Disabilities from Symbolic and Non-symbolic Comparison Tasks in Kindergarten? Findings from a Longitudinal Study. Br. J. Educ. Psychol. 82 (1), 64–81. doi:10.1348/2044-8279.002002
 Dole, N., Savitz, D. A., Hertz-Picciotto, I., Siega-Riz, A. M., McMahon, M. J., and Buekens, P. (2003). Maternal Stress and Preterm Birth. Am. J. Epidemiol. 157 (1), 14–24. doi:10.1093/aje/kwf176
 Dondorp, l., and Pijpers, R. (2020). Gelijke kansen en digitalisering? Goede toegang is niet genoeg. [Equal opportunities and digitalization? Good access is not sufficient. Kennisnet: Zoetermeer. 
 Elango, S., García, J. L., and Heckman, J. J. (2016). “Andrés Hojman. Early Childhood Education,” in Economics of Means-Tested Transfer Programs in the United States ed . Editor R. A. Moffitt ( University of Chicago Press), 235–298. 
 Enders, C. K., Du, H., and Keller, B. T. (2020). A Model-Based Imputation Procedure for Multilevel Regression Models with Random Coefficients, Interaction Effects, and Nonlinear Terms. Psychol. Methods 25 (1), 88–112. doi:10.1037/met0000228
 Frans, N., Post, W., Oenema-Mostert, I., and Minnaert, A. (2021). Defining and Evaluating Stability in Early Years Assessment. Int. J. Res. Method Edu. 44 (2), 151–163. doi:10.1080/1743727X.2020.1736024
 Gardosi, J., Kady, S. M., McGeown, P., Francis, A., and Tonks, A. (2005). Classification of Stillbirth by Relevant Condition at Death (ReCoDe): Population Based Cohort Study. Bmj 331 (7525), 1113–1117. doi:10.1136/bmj.38629.587639.7C
 Gervasoni, A. (2001). “Special Programs for Children Who Are Low Attaining in Mathematics: Do They Help,” in 24th Annual MERGA conference. 
 Gonzalez, M. R., Palmer, C. E., Uban, K. A., Jernigan, T. L., Thompson, W. K., and Sowell, E. R. (2020). Positive Economic, Psychosocial, and Physiological Ecologies Predict Brain Structure and Cognitive Performance in 9-10-Year-Old Children. Front. Hum. Neurosci. 14, 578822. doi:10.3389/fnhum.2020.578822
 Gurian, M. (2010). Boys and Girls Learn Differently! A Guide for Teachers and Parents. San Fransisco: Jossey-Bass. 
 Ho, L. Y. (2018). Follow-Up Care and Outcome Evaluation of High-Risk Preterm Infants: A Life-Course Commitment. Annals of the Academy of Medicine, Singapore 47 (2), 51–55.
 Jin, J. H., Yoon, S. W., Song, J., Kim, S. W., and Chung, H. J. (2019). Long-term Cognitive, Executive, and Behavioral Outcomes of Moderate and Late Preterm at School Age. Clin. Exp. Pediatr. 63 (6), 219–225. doi:10.3345/kjp.2019.00647
 Kelly, M. M., and Li, K. (2019). Poverty, Toxic Stress, and Education in Children Born Preterm. Nurs. Res. 68 (4), 275–284. doi:10.1097/NNR.0000000000000360
 Koerhuis, I., and Keuning, J. (2011). Wetenschappelijke verantwoording van de toetsen rekenen voor kleuters. Arnhem: Cito. 
 Kyttälä, M., Aunio, P., LehtoVan Luit, J. E. J., and Hautamäki, J. (2003). Visual Spatial Working Memory and Early Numeracy. Educ. Child Psychol. 20 (3), 65–76. 
 Labayru, G., Aliri, J., Santos, A., Arrizabalaga, A., Estevez, M., Cancela, V., et al. (2021). Small for Gestational Age Moderate to Late Preterm Children: A Neuropsychological Follow-Up. Dev. Neuropsychol. 28, 1–11. doi:10.1080/87565641.2021.1939349
 Larroque, B., Bertrais, S., Czernichow, P., and Léger, J. (2001). School difficulties in 20-Year-Olds Who Were Born Small for Gestational Age at Term in a Regional Cohort Study. Pediatrics 108 (1), 111–115. doi:10.1542/peds.108.1.111
 LeFevre, J. A., Fast, L., Skwarchuk, S. L., Smith-Chant, B. L., Bisanz, J., Kamawar, D., et al. (2010). Pathways to Mathematics: Longitudinal Predictors of Performance. Child. Dev. 81, 1753–1767. doi:10.1111/j.1467-8624.2010.01508.x
 Little, R. J. A. (1986). Survey Nonresponse Adjustments for Estimates of Means. Int. Stat. Rev./Revue Internationale de Statistique 54 (2), 139–157. doi:10.2307/1403140
 Martínez-Nadal, S., and Bosch, L. (2021). Cognitive and Learning Outcomes in Late Preterm Infants at School Age: A Systematic Review. Ijerph 18 (1), 74. doi:10.3390/ijerph18010074
 McDonald, A. S. (2001). The Prevalence and Effects of Test Anxiety in School Children. Educ. Psychol. 21 (1), 89–101. doi:10.1080/01443410020019867
 Meaney, M. J. (2001). Maternal Care, Gene Expression, and the Transmission of Individual Differences in Stress Reactivity across Generations. Annu. Rev. Neurosci. 24 (1), 1161–1192. doi:10.1146/annurev.neuro.24.1.1161
 Méray, N., Reitsma, J. B., Ravelli, A. C., and Bonsel, G. J. (2007). Probabilistic Record Linkage Is a Valid and Transparent Tool to Combine Databases without a Patient Identification Number. J. Clin. Epidemiol. 60 (9), 883–891. doi:10.1016/j.jclinepi.2006.11.021
 Merkelbach, I., Plak, R. D., and Rippe, R. C. A. (2018). Reproducibility of Young Learners' Susceptibility to the Learning Context. Learn. Individual Differences 65, 167–175. doi:10.1016/j.lindif.2018.05.020
 Mulder, E. J., Robles de Medina, P. G., Huizink, A. C., Van den Bergh, B. R., Buitelaar, J. K., and Visser, G. H. (2002). Prenatal Maternal Stress: Effects on Pregnancy and the (Unborn) Child. Early Hum. Dev. 70 (1-2), 3–14. doi:10.1016/S0378-3782(02)00075-0
 Nahdi̇, D. S., Jati̇sunda, M. G., Cahyani̇ngsi̇h, U., and Suci̇awati̇, V. (2020). Pre-service Teacher's Ability in Solving Mathematics Problem Viewed from Numeracy Literacy Skills. ilkogretim Online 19 (4), 1902–1910. doi:10.17051/ilkonline.2020.762541
 Nepomnyaschy, L., Hegyi, T., Ostfeld, B. M., and Reichman, N. E. (2012). Developmental Outcomes of Late-Preterm Infants at 2 and 4 Years. Matern. Child. Health J. 16 (8), 1612–1624. doi:10.1007/s10995-011-0853-2
 O'Keeffe, M. J., O'Callaghan, M., Williams, G. M., Najman, J. M., and Bor, W. (2003). Learning, Cognitive, and Attentional Problems in Adolescents Born Small for Gestational Age. Pediatrics 112 (2), 301–307. doi:10.1542/peds.112.2.301
 Paz, I., Gale, R., Laor, A., Danon, Y. L., Stevenson, D. K., and Seidman, D. S. (1995). The Cognitive Outcome of Full-Term Small for Gestational Age Infants at Late Adolescence. Obstet. Gynecol. 85 (3), 452–456. doi:10.1016/0029-7844(94)00430-L
 Peng, P., Lin, X., Ünal, Z. E., Lee, K., Namkung, J., Chow, J., et al. (2020). Examining the Mutual Relations between Language and Mathematics: A Meta-Analysis. Psychol. Bull. 146 (7), 595–634. doi:10.1037/bul0000231
 Pike, I. L. (2005). Maternal Stress and Fetal Responses: Evolutionary Perspectives on Preterm Delivery. Am. J. Hum. Biol. 17 (1), 55–65. doi:10.1002/ajhb.20093
 Plak, R. D., Merkelbach, I., Kegel, C. A. T., van IJzendoorn, M. H., and Bus, A. G. (2016). Brief Computer Interventions Enhance Emergent Academic Skills in Susceptible Children: A Gene-By-Environment experiment. Learn. Instruction 45, 1–8. doi:10.1016/j.learninstruc.2016.06.002
 Poulsen, G., Wolke, D., Kurinczuk, J. J., Boyle, E. M., Field, D., Alfirevic, Z., et al. (2013). Gestational Age and Cognitive Ability in Early Childhood: a Population-Based Cohort Study. Paediatr. Perinat Epidemiol. 27 (4), 371–379. doi:10.1111/ppe.12058
 Pruden, S. M., Levine, S. C., and Huttenlocher, J. (2011). Children's Spatial Thinking: Does Talk about the Spatial World Matter?Dev. Sci. , 14, 1417–1430. doi:10.1111/j.1467-7687.2011.01088.x
 Purpura, D. J., Hume, L. E., Sims, D. M., and Lonigan, C. J. (2011). Early Literacy and Early Numeracy: The Value of Including Early Literacy Skills in the Prediction of Numeracy Development. J. Exp. Child. Psychol. 110 (4), 647–658. doi:10.1016/j.jecp.2011.07.004
 Raghubar, K. P., Barnes, M. A., and Hecht, S. A. (2010). Working Memory and Mathematics: A Review of Developmental, Individual Difference, and Cognitive Approaches. Learn. Individual Differences 20, 110–122. doi:10.1016/j.lindif.2009.10.005
 Reid, K., and Andrews, N. (2016). Fostering Understanding of Early Numeracy Development. Melbourne, Victoria, Australia: Australian Council for Educational Research. 
 Richter, M., and Gendolla, G. H. (2006). Incentive Effects on Cardiovascular Reactivity in Active Coping with Unclear Task Difficulty. Int. J. Psychophysiol 61 (2), 216–225. doi:10.1016/j.ijpsycho.2005.10.003
 Searle, A. K., Smithers, L. G., Chittleborough, C. R., Gregory, T. A., and Lynch, J. W. (2017). Gestational Age and School Achievement: a Population Study. Arch. Dis. Child. Fetal Neonatal. Ed. 102 (5), F409–F416. doi:10.1136/archdischild-2016-310950
 Shah, P., Kaciroti, N., Richards, B., Oh, W., and Lumeng, J. C. (2016). Developmental Outcomes of Late Preterm Infants from Infancy to Kindergarten. Pediatrics 138 (2), 1–10. doi:10.1542/peds.2015-3496
 Sommerfelt, K., Andersson, H. W., Sonnander, K., Ahlsten, G., Ellertsen, B., Markestad, T., et al. (2000). Cognitive Development of Term Small for Gestational Age Children at Five Years of Age. Arch. Dis. Child. 83 (1), 25–30. doi:10.1136/adc.83.1.25
 Suprayogi, M. N., Valcke, M., and Godwin, R. R. (2017). Teachers and Their Implementation of Differentiated Instruction in the Classroom. Teach. Teach. Edu. 67, 291–301. doi:10.1016/j.tate.2017.06.020
 Thompson, D. K., Kelly, C. E., Chen, J., Beare, R., Alexander, B., Seal, M. L., et al. (2019). Early Life Predictors of Brain Development at Term-Equivalent Age in Infants Born across the Gestational Age Spectrum. Neuroimage 185, 813–824. doi:10.1016/j.neuroimage.2018.04.031
 Van der Kooy-Hofland, V. A. C., Van der Kooy, J., Bus, A. G., Van IJzendoorn, M. H., and Bonsel, G. J. (2012). Differential Susceptibility to Early Literacy Intervention in Children with Mild Perinatal Adversities: Short- and Long-Term Effects of a Randomized Control Trial. J. Educ. Psychol. 104 (2), 337–349. doi:10.1037/a0026984
 van Ginkel, J. R., Linting, M., Rippe, R. C. A., and van der Voort, A. (2020). Rebutting Existing Misconceptions about Multiple Imputation as a Method for Handling Missing Data. J. Pers Assess. 102 (3), 297–308. doi:10.1080/00223891.2018.1530680
 Vollmer, B., and Edmonds, C. J. (2019). School Age Neurological and Cognitive Outcomes of Fetal Growth Retardation or Small for Gestational Age Birth Weight. Front. Endocrinol. (Lausanne) 10, 186. doi:10.3389/fendo.2019.00186
 Walsh, J. M., Doyle, L. W., Anderson, P. J., Lee, K. J., and Cheong, J. L. (2014). Moderate and Late Preterm Birth: Effect on Brain Size and Maturation at Term-Equivalent Age. Radiology 273 (1), 232–240. doi:10.1148/radiol.14132410
 Windhorst, D. A., Rippe, R. C., Mileva-Seitz, V. R., Verhulst, F. C., Jaddoe, V. W., Noppe, G., et al. (2017). Mild Perinatal Adversities Moderate the Association between Maternal Harsh Parenting and Hair Cortisol: Evidence for Differential Susceptibility. Dev. Psychobiol 59 (3), 324–337. doi:10.1002/dev.21497
 Woythaler, M., McCormick, M. C., Mao, W. Y., and Smith, V. C. (2015). Late Preterm Infants and Neurodevelopmental Outcomes at Kindergarten. Pediatrics 136 (3), 424–431. doi:10.1542/peds.2014-4043
 Yang, X., Huo, S., and Zhang, X. (2021). Visual-spatial Skills Contribute to Chinese reading and Arithmetic for Different Reasons: A Three-Wave Longitudinal Study. J. Exp. Child. Psychol. 208, 105142. doi:10.1016/j.jecp.2021.105142
 Zhang, X., Räsänen, P., Koponen, T., Aunola, K., Lerkkanen, M. K., and Nurmi, J. E. (2017). Knowing, Applying, and Reasoning about Arithmetic: Roles of Domain-General and Numerical Skills in Multiple Domains of Arithmetic Learning. Dev. Psychol. 53, 2304–2318. doi:10.1037/dev0000432
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 © 2022 Merkelbach, Plak, Jong and Rippe. 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.
OPS/images/feduc-07-709809-t001.jpg
Total complete group (N = 375) Experimental condition (n = 179) Control condition (1 = 196) p-value

Male® 54.9% 55.3% 54.6% 889
Age (in months) 67.12 (4.50) 67.58 (4.64) 66.70 (4.33) 060
Father's education” 3.74 (1.50) 3.72 (1.50) 377 (1.51) 74
Late preterm (1)° 10.7% 10.1% 11.2% 714
Late preterm (2)° 37% 39% 36% 863
S1GA® 25.1% 27.4% 23.0% 324
CNT pretest’ 78.67 (10.30) 79.54 (11.44) 77.88 (9.09) 123
CNT posttest! 87.09 (12.09) 88.05 (12.87) 86.22(11.18) 145
Defayed children 45.3% 40.8% 49.5% 091

Note: presentation in means (standard deviation) or percetage (%).
"Male compared to Female.

“Maximum level of 6

VDK, 2012: Defition according to Van der Kooy-Hofland et al. (2012).
PWHO: World health organization.

“SfGA: small for gestational age.

‘CNT: cito numeracy test.





OPS/images/feduc-07-709809-t002.jpg
Cito numeracy posttest (standardized)

Group Experimental Control condition®
condition®

Mean SD n Mean sD n

Full term 04 105 161 -04 93 174
Late Preterm (VDK 2012)° 43 126 18  -33 .88 22
Late Preterm (WHO)* 28 193 7 -3 188 7

Not SGA® 05 97 130 -1 87 151
SIGA 16 130 49 04 11 45
Total 08 107 179 -07 93 196

"Experimental condition: Clever Together.

“Control condition: Living Books.

VDK, 2012: Defition according to Van der Kooy-Hofland et al. (2012).
YWHO: World heaith organization.

°SIGA: small for gestational age.

Effects of Clever Together.





OPS/images/feduc-07-709809-g003.gif
e

[

- comec repome
ntarecapon





OPS/images/feduc-07-709809-g004.gif





OPS/images/feduc-07-709809-t003.jpg
Measure*

Intercept (fixed effect)

Intercept variance (random effect)
Random effect residual variance
Main effects (fixed)

Cohort*

Gito Numeracy pretest®
Experimental condition®

Preterm status®

Size for gestational age®
Two-way interaction

Late preterm® Condition

Small for gestational age* Condition

78.94
1.39
97.31

-1.55

13.45
15

-3.29
95

7.83
-1.44

SE

(1.9053)
1179
9.87

114
1.04
1.24
237
1.71

3.35
238

p-value

<.001
NA
NA

75
<.001
902
148
577

019
547

*Fixed effects after adjustment for random itercept at school level. No random slopes

were estimated.

“Cohort 2012/2013 compared to 2013/2014.
“Cohort 2012/2013 compared to 2013/2014.
“Control (0) compared to Intervention (1).

“Term bom (0) compared o Late Preterm bon.
*Normal (0) compared to Small for Gestational Age.





OPS/images/feduc-07-709809-t004.jpg
Cito numeracy posttest

Dataset Group n Cohen’sd  95% CI
Complete sample*(N = 375)  Full term 335 08 -13/.30
Late preterm 40 71 .07/1.36

Total goup 375 15 -.05/.35





OPS/xhtml/nav.xhtml
Contents

		Cover

		Differential Efficacy of Digital Scaffolding of Numeracy Skills in Kindergartners With Mild Perinatal Aversities		Introduction		Developmental Challenges in Children Born Late Preterm

		Developmental Challenges in Children Born Small for Gestational Age

		Differential Susceptibility

		Importance of Targeting the Learning Environment

		Susceptibility to the Effects of Scaffolding

		Present Study





		Materials and Methods		Design

		Procedure

		Participants

		Intervention Programs

		Measures

		Perinatal Data

		Statistical Analyses





		Results		Missing Data

		Sample Characteristics





		Discussion		Strengths and Limitations

		Future Directions





		Conclusion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Publisher’s Note

		Acknowledgments

		Supplementary Material

		References









OPS/images/cover.jpg
frontiers
in Education

Differential Efficacy of Digital
Scaffolding of Numeracy Skills in
Kindergartners With Mild
Perinatal Aversities





OPS/images/feduc-07-709809-g001.gif
Total sample: N = 879
T

For 50 children no pretest was
available (5.75%). New sample:
825

For 88 children no postiast was
‘available (10.6%). New sample: N =
781

2

For 268 children we did not have
consent for perinatal information
(36.2%). New sample: N =473

2 -
For 94 children perinatal information
was incomplete (19.9%). New
sample: N =379
s s TS

For 4 children educational level of
the father was not available (1.1%).
New somple: N = 375






OPS/images/feduc-07-709809-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
’ frontiers
1N Education





