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Abstract
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This study examines the effects of early grade retention and different effects according to prior achievement and age. Within a population of children at risk of early retention, we compare the development throughout primary school in mathematics achievement after kindergarten retention, first-grade retention and continuous promotion. Analyzing data from a large-scale longitudinal study using covariate balancing propensity score weighting, the findings reveal that early grade repeaters would score higher for mathematics if they were promoted each year instead. However, the effects diminish or even disappear in the long term. Compared to kindergarten retention, first-grade retention is more harmful for the mathematics development of younger children specifically. 
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 The Effects of Early Grade Retention: Effect Modification by Prior Achievement and Age
During the last few decades, grade retention has gained increased attention in educational practice, research, and policy. Grade retention refers to the practice of retaining struggling children in the same grade for an extra school year. The practice is based on the conviction that repeating a grade is beneficial for students who have not mastered their grade’s curriculum. In European countries like Belgium, Spain, France, the Netherlands and Luxembourg, this idea is generally supported by the teaching profession, the school community, and parents (Eurydice network, 2011). Early meta-analyses by Holmes (1989) and Jimerson (2001), however, showed that grade retention generally has negative effects on student outcomes. Recently, these meta-analyses have been criticized for being based on studies that show significant methodological shortcomings (e.g., Allen, Chen, Willson, & Hughes, 2009; Lorence, 2006). Also, it is not clear which subgroups of students are more or less prone to certain grade retention effects. The goals of the current study were therefore to evaluate the impact of early grade retention on development in mathematics and to determine whether the effects differed according to the timing of retention (kindergarten versus first grade), prior achievement, or age. 
Grade Retention and Children’s Development
The literature on the effects of grade retention is conflicting. Strong arguments have been put forth both in support and against grade retention. 
First, there are several theories that suggest the potential advantages of grade retention in promoting children’s development. From a developmental perspective, the Early intervention theory states that granting a child more time to develop prevents failure and frustration in later life (Smith & Shepard, 1988). Struggling children who are promoted anyway are more likely to suffer from repeated experiences of academic failure. The Frustration self-esteem model predicts that academic failure increases children’s likelihood to have a lower school-related self-esteem, which might lead to frustration, to problematic behavior, and eventually to dropping out (Finn, 1989). Early intervention is also supported by the Rate of return to investment curve (Carneiro, 2003). The curve summarizes the body of evidence that the rate of return to investment is higher at younger ages for a constant level of investment. This view hypothesizes that addressing a child’s shortcomings as early as possible has a higher positive impact than doing so at an older age. For example, Vandecandelaere, Schmitt, Vanlaar, De Fraine and Van Damme (2014; 2015) found kindergarten retention to be more positive for children’s psychosocial development and less harmful for their academic performance compared to first-grade retention. With regard to social development, Social comparison theory (Festinger, 1954) suggests that children create self-knowledge based on others’ opinions and cues in their environment, and by comparing themselves with their classmates (Buunk & Gibbons, 2007). When a child is retained, the reference group changes. The new class group is younger and the retained child has an extra year of education, maturation, and experience in socializing with peers. Several studies have shown a positive effect on wellbeing when students perceive themselves as slightly better off than others (Buunk & Gibbons, 2007). It is therefore expected that grade repeaters gain a higher level of wellbeing and competence in peer relations, which may induce higher achievement levels. Previous research has provided evidence for positive psychosocial effects of early grade retention (Hong & Yu, 2008; Wu, West & Hughesk 2010). 
With regard to learning outcomes, both Sociocultural theory (Vygotsky, 1978) and the Bioecological model of development (Bronfenbrenner & Cesi, 1994) suggest that positive or negative effects of either promotion or retention are expected when the corresponding learning environment is more or less aligned with the child’s ‘zone of proximal development’. Grade repeaters are exposed to the same subject matter twice, including the content that they already mastered. Opponents argue that this deprives repeaters of access to meaningful, age-relevant challenges, which can disrupt their development of self-regulation and academic skills (Morrison et al., 1997). For example, studies by Hong and Raudenbush (2005; 2006) and Hong and Yu (2007) suggest that kindergarten repeaters would have achieved better results for reading and mathematics at the end of the treatment year had they been promoted instead. In the long run, however, these negative effects seem to diminish. Similarly, Vandecandelaere et al. (2014) and Goos, Van Damme, Onghena, Petry and de Bilde (2013) demonstrated negative effects of kindergarten retention and first-grade retention on academic outcomes. Finally, negative outcomes may be expected based on the Labelling theory. This theory describes how identity and behavior are influenced by how people are classified (Becker, 1963; Lemert, 1967). Grade retention might be harmful because of the negative connotation of the label ‘repeater’. The Labelling theory predicts that repeaters are more likely to withdraw from social activities and to have lower levels of self-confidence and self-esteem (Hong & Yu, 2008). Some studies have found negative effects of retention on certain psychosocial outcomes (Goos et al., 2013). Moreover, the stigma may lead to lower teacher, parent and self-expectations which may induce a self-fulfilling prophecy of underachievement (Shepard, 1989). 
[bookmark: _Toc409116329]Shortcomings in Previous Research 
Three important shortcomings in previous research are a lack of a viable comparison group, the ignorance of post-treatment retention, and the limited research on effect modification. 
Lack of a viable comparison group. A large number of studies found either negative or no effects of retention on academic outcomes. These studies have been summarized in meta-analyses by Holmes (1989) and Jimerson (2001). However, in the majority of the studies included in the meta-analyses, there was no viable comparison group for the group of grade repeaters. In contrast with randomized control trials, grade retention studies are bound to use non-experimental data in which the treatment (i.e., grade retention) is not randomly assigned. As a consequence, repeaters and promoted children may differ with regard to pre-treatment variables that simultaneously affect the selection process for retention and the outcome. For example, underachievers are more likely to be retained compared to high achievers. Not controlling for pre-treatment achievement could lead to a spurious relationship between retention and later achievement. Accordingly, differences in later achievement caused by retention cannot be distinguished from differences caused by pre-treatment achievement. Allen et al. (2009) demonstrated that studies that more successfully control for student characteristics associated with selection into retention are less likely to find negative effects on achievement. 
[bookmark: _Toc409116331]A recent generation of studies has more adequately used techniques to adjust for pre-treatment differences. Pioneers in this regard were Hong and Raudenbush (2005; 2006), who applied propensity score methods. Other researchers have dealt with systematic bias by means of instrumental variable methods (e.g., Jacob & Lefgren, 2009), regression discontinuity methods (e.g., Jacob & Lefgren, 2004), and difference-in-differences methods (e.g., Greene & Winters, 2007). The results of these recent studies were more nuanced. As summarized by Goos et al. (2013), these studies showed that grade repeaters would score higher if they would be promoted instead, but that these effects disappear in the long term. 
The ignorance of post-treatment retention. A second shortcoming of the existing literature is the fact that previous studies most often treated retention in a specific grade as a single intervention. In reality, however, children who are on the edge of being retained in the grade of interest, but who are promoted anyway, are very likely to be retained in the next grade (Jacob & Lefgren, 2009; Vandecandelaere et al. 2014; Wu, West, & Hughes, 2008b). At the time the outcome is measured (e.g., four years later), children who were retained in the grade of interest (treatment group) and children who were retained later on (part of the control group) are in the same grade. In this scenario, at least a part of the control group should more accurately be considered as a ‘delayed retention’ group. This delayed treatment situation should be accounted for when children who were retained after the grade of interest are included in the sample. When grade retention at multiple time points is considered, pre-treatment differences may also vary over time. This underlines the need to account for time-varying differences between treatment groups.  
Furthermore, most studies assessed outcomes only one or two years after retention. It has been stressed that grade retention research should more accurately establish the complex long-term effects of grade retention, which requires longitudinal data (Allen et al., 2009). Longitudinal data enable researchers to model students’ long-term development and allow for investigating the differential effect according to the particular grade in which students are retained. In their meta-analysis, Allen et al. (2009) examined whether grade retention effects were different according to the grade in which a student is retained. They found no evidence for grade differential retention effects across studies. Few studies have explicitly addressed this, however, within a single study. Chen, Liu, Zhang, Shi and Rozelle (2010) used a combination of difference-in-difference and propensity score matching to investigate the effects of retention in Grade 2, 3 and 4. They found negative effects of second-grade retention and no significant effects of retention in third and fourth grade. Moser, West and Hughes (2012) applied propensity score matching to control for pre-treatment differences between promoted and retained students in first grade. To account for children who were retained after first grade, the authors included in the outcome regressions a covariate that indicated later retention. They found no grade differential effects. The limitation in these studies is that adjustment for pre-treatment differences is limited to the initial treatment status. Outcome differences between ‘later’ treatment groups and the promoted group might thus be due to pre-treatment differences between these groups. Vandecandelaere et al. (2015) therefore matched and compared kindergarten repeaters separately with promoted children and first-grade repeaters. Compared to first-grade retention, kindergarten retention was found to be less harmful for children’s mathematics development. The study was restricted, however, in that kindergarten retention relative to first-grade retention and promotion was analyzed in separate models, i.e., contrasts between first-grade repeaters and the promoted group were not tested.
[bookmark: _Toc409116332]Effect modification. Third, little attention has been paid in the existing literature to which groups of students are more or less prone to particular retention effects. Compared to kindergarten, primary school is characterized by more structure, increased academic demands and more teacher-directed and seatwork activities. The transition from kindergarten to first grade is therefore considered to be a crucial step in children’s academic trajectory, with potentially significant implications for later school outcomes. Especially at kindergarten age, children are often retained because they are considered unready for this crucial step. In general, the retention decision is greatly determined by the child’s age and achievement. It is of considerable importance to investigate whether younger or underachieving children respond more favorably to the intervention. 
First, with regard to age, parents and educators are more likely to hold back younger children, relative to similarly achieving older children (Gadeyne, Onghena, & Ghesquiere, 2008; Mantzicopoulos, 2003; Wu et al., 2008b). The effect of month of birth on grade retention, or the ‘relative age effect’, is well established (Cobley, McKennia, Baker & Wattie, 2009). It is often believed that giving younger children an extra year before they transition to first grade prevents academic failure or underachievement. However, few studies have investigated effect modification by age. Wu, West and Hughes (2008a; 2008b), for example, investigated first-grade retention effects on achievement and found no moderating effect of age. Like most studies, however, they included the moderator in their outcome analysis without reporting covariate balance within different levels of age. As a consequence, even though the comparison groups are made equivalent in terms of pre-treatment characteristics, retained and promoted children might still differ within levels of age. Therefore, it might be problematic to draw inferences about the causal effect of retention within particular age-groups. 
Second, low achievement is considered as the most important predictor of grade retention in general (Gadeyne et al., 2008; Mantzicopoulos & Neuharth-Pritchett, 1998). In grade retention research, most researchers investigate the average treatment effect for the specific group of retained students or for a selection of children at risk to be retained. This selected group of students has, on average, lower pre-treatment achievement levels compared to the total group. In this sense, grade retention studies reporting treatment effects for retained or at-risk students are automatically reporting on grade retention effects for lower achieving students. Such selection is necessary to ensure a considerable similarity between retained and promoted children. Otherwise, the analyses would entail a major risk for extrapolation since no comparison children would be available in the treatment group for children who had the lowest risk to be retained. In this study, we selected children who had a considerable risk to be retained in kindergarten and first grade. Hence, the analytic group in our study had a lower average achievement compared to the total group. Nevertheless, within this group of at-risk children, prior achievement remained an important predictor of early grade retention. Although of great interest, little is known about the effect of prior achievement levels on grade retention effects for children at risk of grade repetition. 
[bookmark: _Toc409116335]The Current Study
Given the cost and prevalence of grade repetition, it is an important societal and economic challenge to understand its causal effects on short and long-term outcomes and to shed light on differential effects. Education aims to improve both cognitive and non-cognitive outcomes. Heckman, Stixrud and Urzua (2006) demonstrated that cognitive and non-cognitive outcomes have similar and equally important effects for several aspects of social and economic life. In this study, we focus on children’s development in mathematics. The first aim of the present study was to investigate the effects of early grade retention on mathematics development throughout primary school. The second aim was to investigate whether the effects are different according to the timing of retention (kindergarten versus first grade), prior achievement, or age. 
The research questions were:
How do children who are at risk for early grade retention develop in mathematics under the following conditions: kindergarten retention, first-grade retention, and no retention?
· Do the effects differ according to the timing of retention (kindergarten versus first grade)?
· Are the effects different according to prior achievement and/or age?
[bookmark: _Toc409116337]Method
Flemish Education Context
This study was conducted in Flanders, the Dutch speaking part of Belgium. In Flanders, pre-primary education (2.5 - 5 year) is not compulsory, but more than 98% of the Flemish children are registered in a preprimary school. Children are usually grouped according to their age, in three to four classes: 2.5 to 3 years, 3 to 4 years, 4 to 5 years, 5 to 6 year. Kindergarten concerns the last year of preprimary education, before the transition to compulsory, primary education, which starts on September 1st of the calendar year in which a child turns six. Thus, normally progressing children are between 68 months (December-born) and 80 months (January-born) old when they start primary school. 
In Flanders, there is no national standard testing. Schools decide if they want to use school readiness tests to inform the retention decision. The retention decision itself lies with the parents after advice is provided by the teacher-team and the pupil guidance center. Grade retention in general is more or less socially accepted in Flanders. It is viewed as an effective remedy for struggling students in order to get further ahead (Juchtmans & Vandenbroucke, 2013). With regard to kindergarten retention specifically, the percentage of boys with a delayed entry in first grade increased between 1988 and 2014 from 3.1% to 5.7%. For girls, this percentage increased from 2.0% in 1988 to 4.1% in 2014 (Vlaams Ministerie van Onderwijs en Vorming, 2014). Although some of these children might have a delayed entry in first grade because they entered kindergarten with delay, the numbers indicate an increase of kindergarten retention. In school year 2013-2014, 5.3% of the Flemish population repeated first grade (Vlaams Ministerie van Onderwijs en Vorming, 2014). 
Group Comparison Strategy
It is important to distinguish the comparison strategies that are commonly used in grade retention research. Findings differ according to the time at which the retained and promoted children are compared. In a same-grade comparison, the outcomes of grade repeaters are compared with those of their one-year-younger grade-mates. This strategy answers the question of how, at the cost of one extra year of education, grade repeaters develop compared to grade-mates who are one year younger. In a same-age comparison, the outcomes of grade repeaters are compared with their one-grade-higher age-mates. A same-age comparison addresses the counterfactual question of how the retained children would have developed, had they been promoted instead. In this study, we were interested in this counterfactual question. Hence, we conducted same-age comparisons.
Participants
We analyzed data from the large-scale, longitudinal SiBO-project (i.e., Dutch acronym for School Trajectories in Primary Education). A cohort of approximately 6,000 Flemish children was followed for nine years, from kindergarten (school year 2002-2003) until school year 2010-2011. In the present study, all children who were born in 1997 and who enrolled for the first time in kindergarten in 2002-2003 (henceforth referred to as Year 0) were considered (N=5,306). From this sample, we selected children who were at risk for early grade retention. The selection of students at risk for early retention was based on two propensity scores: (a) the probability to be retained in kindergarten and (b) the probability to be retained in first grade, conditional on not being retained in kindergarten. Both probabilities were estimated as a function of pre-treatment characteristics, using logistic regression. As we explain later in this article, these characteristics were selected based on their association with the outcome. We first omitted children who had less than a 5% probability to be retained in kindergarten. Second, children who were promoted to first grade and who had less than a 5% probability to be retained in first grade were omitted. This selection was necessary to guarantee sufficient similarity between the treatment groups. This resulted in a sample of 759 children (267 promoted children, 257 kindergarten repeaters, and 235 first-grade repeaters). By selecting this sample, our research reports on the effects of early grade retention for the population of children who were at least 5% at risk to be retained in kindergarten and, for those who were not retained in kindergarten, also at least 5% at risk to be retained in first grade. In the remainder of this article, this group is referred to as the ‘at-risk children’. Demographic features of the full sample and the analytic sample are presented in Table 1. A valid comparison requires that the treatment and control group share a region of common support on the propensity score (Steiner & Cook, 2013). This is demonstrated in Figure 1, which shows the overlap of histograms of the distribution of the two propensity scores, before and after the selection. The vertical line in the upper graphs indicates the 5% probability cut-off. 
[bookmark: _Toc409116339]Measures
Independent variable. The treatment variable in this study was grade retention. In Year 0, all children were for the first time in kindergarten. In Year 1, there were two treatment conditions: kindergarten retention (KR) and no retention (noR). From Year 2 onwards, three treatment conditions were considered: kindergarten retention (KR), first-grade retention (G1R) and no retention (noR). Although children could be retained after Year 2, the sample sizes of these groups were too small to be considered as a separate treatment condition. Children who were retained after Year 2 were therefore coded as missing from the time of retention onwards. 
Dependent variables. Achievement tests for mathematics were administered at the end of each school year in primary school. Each test consisted of 50 to 80 items and covered the following domains: number sense (e.g., “Find the subsequent number in the following series. Count by leaps and bounds. 5, 10, 15, …”), number procedures (e.g., “Fill in: 300 = [ 4 x 50 ] + [… x 50 ]”), measurement (e.g., “How many seconds does half an hour contain?”), geometry (e.g., “Mark the geometric figure that is not a quadrangle [multiple choice]”), and applied math problem solving (e.g., “Mom is at the supermarket. She buys some meat [EUR 18] and fruit [EUR 13]. She pays with two EUR 20 bank notes. How much change does she get back?”). Reliability coefficients of the mathematics tests ranged between .88 and .93. All math achievement scores (seven measurement occasions) were vertically linked using Item Response Theory and estimated with a Bayesian model. The test scores were equated on the same scale. This enabled us to assess mathematics development of each child over time, and to compare the mathematics scores of children from different grade levels. See Table 2 for descriptive information about the seven rounds of mathematics scale scores. This table shows the number of observations each year in the analytic sample, as well as the mean and the standard deviation of the mathematics scores.   
Subgroup indicators. In this study, we were interested in different grade retention effects according to prior achievement and age. Therefore, four subgroups were formed: two subgroups based on prior achievement and two subgroups based on age. We used the mathematics score at the end of Year 0, when all children were in kindergarten, as an indicator of prior achievement. Age was based on the month of birth. Both variables (prior achievement and age) consisted of two categories, set by the median split of the indicator in the selected sample (i.e., ≥ 5% probability to be retained early). The interpretation of lower and higher achieving children, as well as of younger and older children, should be seen within this context of being at risk for early grade retention. The median of month of birth was situated between August and September, meaning that children who were born before September were in the older group and children who were born in September, October, November or December, were in the younger group. Children with a missing score on prior achievement were excluded for the analyses on the prior achievement subgroups (N=77). There were no missing values for the month of birth. The number of students in the total sample and within each subgroup is shown in Table 3. Within both the younger and the older group, initially lower achieving at-risk children were more retained in kindergarten or first grade compared to initially higher achieving children. Within both the higher and lower achieving group of grade repeaters, younger children were more retained in kindergarten while older children were more retained in first grade. It is important to note that these are unadjusted frequencies. After adjusting for pre-treatment differences (which is explained in more detail below), kindergarten repeaters, first-grade repeaters, and promoted children no longer differed with regard to pre-treatment covariates (for example, within the higher achieving group, after adjustment, the three groups had the same average age). 
[bookmark: _Toc409116344]Data Analysis Procedure
Adjustment for pre-treatment differences. An important challenge in grade retention research is to deal with confounding. Confounders are common causes of the treatment and the outcome that can thereby induce a spurious relation between treatment and outcome. For example, grade repeaters and promoted children differ with regard to kindergarten achievement. At the same time, kindergarten achievement is a predictor of later achievement. Without adjustment for confounding, differences in later outcomes cannot be fully ascribed to the treatment because the treatment groups already differed before they were treated. This is a violation of the exchangeability assumption. Exchangeability between treatment groups involves that the treated, had they been untreated, would have experienced the same average outcome as the untreated did, and vice versa. 
Covariate balancing propensity score weighting. Exchangeability can be established by a set of covariates that blocks all the confounding paths (Pearl, 2009). To adjust for confounding, we weighted the children in our sample based on their propensity score (Rosenbaum & Rubin, 1983). Propensity score methods are inspired by the features of a randomized experiment and account for the differences in the probability to be treated. In particular, the weights create a pseudo-sample in which the measured confounders are no longer associated with the treatment. A child’s propensity score (PS) therefore represents the conditional probability to be retained, given pre-treatment covariates. In the current study, grade repeaters were weighted by the reciprocal of the probability to be retained (i.e., 1/ (probability to be retained)). Promoted children were weighted by the reciprocal of the probability to be promoted (i.e., 1/(1- probability to be retained)). 
Because children could be retained at two time points, two propensity scores were estimated. The first PS consisted of the probability to be retained in kindergarten, given baseline covariates, time-varying covariates measured in Year 0, and mathematics achievement in Year 0. The second PS consisted of the probability to be retained in first grade, given baseline covariates, time-varying covariates measured in Year 1, and mathematics achievement measured in Year 0 and Year 1. Since kindergarten repeaters could not be retained in first grade, the second propensity score was only estimated for children who were not retained in kindergarten. Kindergarten repeaters kept the same weight from Year 1 onwards. First-grade repeaters and promoted children kept the same weight from Year 2 onwards. In other words, the weighting in Year 1 aimed to make the group of kindergarten repeaters and the group of promoted children exchangeable. In Year 2, the weighting aimed to make the group of first-grade repeaters and the group of promoted children exchangeable. 
To estimate the propensity scores, we used the covariate balancing propensity score method (CBPS). CBPS is a robust and efficient method for estimating the PS in which the resulting covariate balance is optimized. The CBPS estimation is carried out by means of the generalized method of moments (Fong & Imai, 2014; Imai & Ratkovic, 2014). 
Next, we evaluated the covariate balance after weighting. Balance refers to the similarity of the covariate distributions (Harder, Stuart, & Anthony, 2010). Basically, we investigated whether the weighting made the two groups under comparison exchangeable. Balance was sought within each group under consideration. Therefore, the two PSs were estimated for each group separately. That is, once for the total group, and four times for the four subgroups according to age and prior achievement. Subsequently, the weighted balance of the covariate distributions between the treatment groups was evaluated within each of these five groups. The quantities used were the estimated standardized mean differences (SMD) for every covariate between the retained and the promoted group in the respective year, also called Cohen’s d. This is the weighted difference in means, divided by the pooled standard deviation within the (sub)group, given by d =  (Rubin, 2001). More specifically, we first estimated the weighted SMDs between kindergarten repeaters and promoted children in the baseline covariates, time-varying covariates measured in Year 0, and mathematics achievement in Year 0. Second, we estimated the weighted SMDs between first-grade repeaters and children who promoted to second grade in the baseline covariates, time-varying covariates measured in Year 1, and mathematics achievement in Year 0 and Year 1. Additionally, we estimated the weighted SMDs between kindergarten repeaters and first-grade repeaters in the baseline covariates, time-varying covariates measured in Year 0, and mathematics achievement in Year 0. As these groups were not explicitly weighted up to be similar by the CBPS procedure, this allowed us to check whether kindergarten repeaters and first-grade repeaters differed with regard to covariates measured before anyone was retained. An absolute SMD of 0.25 is commonly considered as a maximum acceptable value of imbalance (Ho, Imai, King, & Stuart, 2007); however, this should be considered as a rule of thumb rather than a strict cut-off (Harder, et al., 2010). In general, covariates that are strong confounders, such as the pre-treatment measurement of the outcome, will yield more bias at a constant level of imbalance compared to moderate confounders (Steiner & Cook, 2013). Therefore, we report in the results section the SMDs in pre-treatment mathematics achievement and absolute SMDs in other covariates that exceed 0.25. 
Selection of covariates. Pre-treatment variables with a potential source of bias (e.g., pre-treatment mathematics achievement) were gathered from official records, achievement tests, teacher questionnaires about the child, and parent questionnaires (an overview of the available variables in the SiBO-project is available from the first author upon request). The specific set of covariates plays a part in the amount of bias and variance of the estimated treatment effect. Bias results from omitting variables from the PS model that confound the treatment-outcome relationship (thus, violating the exchangeability assumption). On the other hand, every step toward better balance usually comes with an increase in variance (Golinelli, Ridgeway, Rhoades, Tucker, & Wenzel, 2012). Moreover, including variables that are predictive of the treatment but otherwise unrelated to the outcome (i.e., so-called instrumental variables) leads to additional variance without decreasing bias (Myers et al., 2011; Pearl, 2010). Several authors therefore recommend including all variables that are related to the outcome, regardless of their association with the treatment (e.g., Brookhart et al., 2006; Myers et al., 2011). In the current study, variables that were significantly correlated with the outcome (multiple measurements of mathematics achievement) were selected. This resulted in a selection of six baseline covariates and 22 time-varying covariates (see Table 4). Missing values in the covariates were multiply imputed by chained equations, allowing a maximum number of ten iterations (van Buuren & Groothuis-Oudshoorn, 2011). This resulted in five complete datasets. Subsequent analysis steps were accordingly accomplished five times. The proportion of missing data in each of the covariates in the initial sample ranged between 2 and 22% (M = 9.5%).
Besides the effectiveness of the covariates, the reliability of the covariate measurement plays an important role in bias reduction (McCaffrey, Lockwood & Setodji, 2013; Steiner, Cook & Shadish, 2010). In the current study, for example, pre-treatment achievement scores were used as proxies for student ability. Reliability coefficients of the mathematics tests ranged between .88 and .93. We are confident that the selected set of multiple covariates (i.e., multiple proxies of student ability) may compensate for potential unreliable assessment of certain covariates. 
[bookmark: _Toc409116347]	Censoring. In each year t, children were censored (i.e., coded as missing) for different reasons: children who dropped out of the sample before or during year t, children with a missing outcome score in year t, children who were in special education before or during year t, and children who were retained after Year 2 but before or during year t. The number of available observations is shown in Table 3. Differential loss to follow-up or missing data are important sources of selection bias. For example, when students who drop out differ from students who remain in the sample, the differences in outcomes cannot be fully ascribed to the treatment. To deal with this, censoring weights were estimated in each year by means of the CBPS method. The idea is that each uncensored child receives a weight, so that the child not only accounts for himself in the analysis, but also for censored children like him, in terms of variables included in the censoring model. The use of inverse probability weighting to adjust for nonrandom missingness has been demonstrated in previous research (Robins, Hernán & Brumback, 2000). To ensure similarity between the treatment groups, within each of the subgroups, the probability to be censored was a function of the selected baseline covariates, time-varying covariates measured in the preceding year, treatment history, and outcome history. 
[bookmark: _Toc409116348]	Outcome analyses. The outcome analyses were based on linear regression models, fitted using generalized estimating equations (GEE) with an ‘independence working correlation matrix’ to account for correlation in the data (time within students) (Zeger & Liang, 1986). Robust standard errors were reported as these are valid even when the working correlation matrix is misspecified (Joffe, Have, Feldman, & Kimmel, 2004; Robins et al., 2000). At each time sequence, the treatment weights and the censoring weights were multiplied and used to weight the data. The model is illustrated below:
	
	 


where  represents the average outcome if the population would have followed treatment .  indicates the average math score in Year 0 before anyone was retained. The parameters  up to  represent the unstandardized average change in math score as opposed to . To examine the difference between the treatment conditions at each time sequence, contrasts between two conditions were tested using one degree of freedom Wald tests (Kuhn, Weston, Wing,  & Forester, 2013). The weights estimation and outcome analyses were replicated five times, once for each imputed dataset. The contrasts and outcome estimates were combined according to Rubin’s rules. For all parameters, the imputation yielded a relative efficiency of at least 95%, in view of which five imputations were deemed sufficient (Rubin, 1987).
[bookmark: _Toc409116349]Results
[bookmark: _Toc409116350]Covariate Balance across Treatment Conditions
Balance was checked in each of the five groups (total group, younger group, older group, higher achieving group, and lower achieving group). The CBPS weighting substantially improved balance. In Year 1, all SMDs were below 0.25. In the five groups, the SMDs of pre-treatment math achievement ranged between -0.01 and 0.09. In Year 2, the SMDs of pre-treatment math achievement ranged between -0.02 and 0.15. The SMDs of other covariates in the total group, the lower and higher achieving group, and the older group were all below 0.25 after weighting. However, within the younger group, some SMDs exceeded 0.25. In particular, after weighting, first-grade repeaters compared to promoted children still scored lower with regard pre-treatment language achievement (SMD = 0.30), teacher-rated language ability (SMD = 0.30), teacher-rated mathematics ability (SMD = 0.27), and teacher-rated relative achievement (SMD = 0.27). A lack of balance might be due to large initial differences between the groups (Harder et al., 2010; Haviland, Nagin & Rosenbaum, 2007). It seems that first-grade repeaters and promoted children within the younger group were too dissimilar to achieve balance after weighting. Caution should be exercised in interpreting any outcome differences that might be due to covariates that remained imbalanced after weighting.
Additionally, we checked balance of covariates measured in Year 0 between kindergarten repeaters and first-grade repeaters. In the total at-risk group, one covariate had an absolute SMD larger than 0.25. After weighting, compared to first-grade repeaters, kindergarten repeaters scored lower for kindergarten math achievement (SMD = -0.36). In the higher achieving at-risk group, after weighting, kindergarten repeaters scored lower for teacher-rated math ability (SMD = -0.45) and average language achievement at school (SMD = -0.26). Also, kindergarten repeaters received more support at home (SMD = 0.26). Within the lower achieving at-risk group, kindergarten repeaters scored lower for independent behavior (SMD = -0.49), math achievement (SMD = -0.32), language achievement (SMD = -0.44), peer relations (SMD = -0.29), prosocial behavior (SMD = -0.29), teacher’s prognosis of success in secondary school (SMD = -0.33), teacher-rated language (SMD = -0.30) and math ability (SMD = -0.57), and teacher-rated relative achievement (SMD = 0.35). Kindergarten repeaters also scored higher for hyperactivity (SMD = 0.28). Within the younger at-risk group, kindergarten repeaters were on average older (SMD = 0.34) and scored lower for teacher-rated math ability (SMD = 0.54). Within the older group, all absolute SMDs were below 0.25. In sum, after weighting, some covariates measured in Year 0 remained imbalanced between kindergarten repeaters and first-grade repeaters. The imbalances were all to the advantage of first-grade repeaters. Thus, in interpreting the results, it is important to keep in mind that outcome differences to the advantage of first-grade retention rather than kindergarten retention might be due to initial differences. 
[bookmark: _Toc409116351]Grade Retention Effects
Figure 2 shows the mathematics development of the total at-risk group. For the sake of comparison, Table 5 presents for each year the estimated differences in mathematics scores between the treatment conditions before and after weighting. The values in Table 5 are contrast estimates. For example, a value in the row “KR - G1R” represents the estimated average score of kindergarten repeaters (KR) minus the estimated average score for first-grade repeaters (G1R). Both before and after weighting, it appears that significantly higher scores would be obtained for at least some part of primary school if all children were promoted each year rather than being retained. However, after weighting, the effect sizes were smaller. In Year 6, the difference between kindergarten repeaters and continuously promoted children was no longer significant. Also, after weighting, the advantage for kindergarten repeaters compared to first-grade repeaters in Year 6 was smaller and no longer significant. 
 Table 6 includes the results for the subgroups of initially lower and higher achieving at-risk children. The growth curves are presented in Figures 3 and 4. For at least some part of primary school, the at-risk children would benefit more from being continuously promoted compared to being retained. For initially lower achieving children, the effect was significant and large in Year 6. For initially higher achieving children, the effect was significant and large in Year 4 and 5. From Year 4 onwards, in both groups, the differences between kindergarten retention and continuous promotion, as well as between kindergarten retention and first-grade retention failed to reach the significance level of 0.05. 
The results from the separate analyses for younger and older children are presented in Table 7 and the mathematics development is illustrated in Figures 5 and 6. It appears that, compared to first-grade retention, younger children at risk for early retention would benefit more from continuous promotion, throughout their entire primary school. This effect might be biased, however, as first-grade repeaters already scored lower for several achievement measures before the treatment. Further, in Year 6, it appears that higher scores would be obtained when all children were retained in kindergarten compared to when they were retained in first grade, with medium effect size. Within the older group, most differences failed to reach a significance level of 0.05. Up to Year 4, continuous promotion led to higher scores compared to first grade retention. Yet, this effect was no longer significant in the longer term. 
[bookmark: _Toc409116355]Discussion
Around the world, there is a general controversy regarding grade retention. Given this debate, it is imperative to understand its causal effects on long-term outcomes. In this study, we investigated the effects of early grade retention on mathematics development for the population of children who had at least a 5% risk to be retained in kindergarten and first grade. Three important shortcomings in previous research were addressed. First, we used time-varying CBPS weighting to adjust for pre-treatment differences between retained and promoted groups. Second, because a large group of at-risk children who are promoted in kindergarten are retained in first grade instead, we explicitly examined the effects for this group as well. To that end, we focused on two retention years: kindergarten and first grade, and used time-varying weights to adjust for confounding. Third, the effects for different subgroups were examined, based on initial achievement and age. In this discussion, we first summarize the main findings in this study. This is followed by limitations of our study and implications for policy and practice. Finally, some suggestions for further research are discussed. 
Influence of Grade Retention on Mathematics Performance
In general, our findings indicate that children at-risk for early grade retention benefit most from being continuously promoted, at least for part of their primary school. Compared to same-age children who were one grade higher and who were therefore confronted with new subject matter, grade repeaters scored lower on a measure of mathematics achievement. It seems that at-risk children may benefit more from receiving intellectual challenges that are offered in a higher grade. Compared to promotion, grade retention might be a too drastic intervention and might create a further distance from the child’s Zone of proximal development (Vygotsky, 1978). Another explanation can be drawn from the Labelling theory. The label ‘repeater’ might lead to lower teacher, parent and peer expectations and accordingly might negatively affect achievement by processes of self-fulfilling prophecies. 
Interestingly, however, when at-risk children are retained in kindergarten, it appears that they largely catch up over the years. In the total group, the initial score difference between kindergarten retention and continuous promotion reduced to less than a quarter of the initial difference. In each subgroup, the small difference that remained five years after the treatment was no longer significant. Thus, kindergarten retention does not appear to significantly harm children’s mathematics development in the long term. That is, at the end of Grade 5, kindergarten repeaters did not score significantly lower compared to promoted same-age children at the end of Grade 6. Further, our results indicate that continuous promotion rather than first-grade retention leads to higher scores throughout the entire primary school career. This difference was maintained until the end of primary school in the total group and the initially lower achieving at-risk group. Within the initially higher achieving group and the older group this effect disappeared in the long term. Due to remaining imbalances between first-grade repeaters and promoted children within the younger group, no conclusions can be drawn with regard to differences between these two groups within the younger group specifically.
In sum, the results of this study favor the promoted group but the gap diminished or even disappeared in the long term, which is in line with previous quasi-experimental research (Goos et al., 2013).
With regard to different effects according to the grade in which retained, we found that kindergarten retention leads to slightly less detrimental mathematics development curves compared to first-grade retention. It might be speculated that intervening at kindergarten age is less harmful than intervening in first grade, which supports the Early intervention theory and aligns with the Return to investment curve. Experiencing retention in an earlier stage might be more effective because the skills that are developed at this age are more responsive to the intervention. However, this advantage for kindergarten repeaters was only significant in the long term within the younger group. Yet, it should be noted that after weighting, except within the older group, several covariates remained imbalanced at the advantage of first-grade repeaters, compared to kindergarten repeaters (e.g., compared to kindergarten repeaters, first-grade repeaters scored higher for kindergarten math achievement). It seems likely that, within these groups, the advantage of kindergarten retention compared to first-grade retention in the long term was underestimated. Thus, our results indicate that the timing of retention matters more for younger children than for older children. Children who are relatively younger are placed at an even further disadvantage if they are retained in first grade rather than in kindergarten. The mechanism behind this different effect is unclear. It seems that children who are retained for nonacademic reasons (such as age) suffer more from first-grade retention. Further research is needed to study these differences in greater detail. 
In contrast with previous grade retention research, we investigated grade differential effects after adjusting for time-varying confounding. Moser et al. (2012) found no grade differential effects between first-grade retention and later grade retention (Grade 2-4). Chen et al. (2010) found a negative effect of second-grade retention and no significant effect of retention in Grade 3 and 4. To our knowledge, our study is the first to compare kindergarten retention and first-grade retention using time-varying weighting. We find that kindergarten retention is less harmful compared to first-grade retention, at least for younger at-risk children. These findings are in line with a previous study using the same dataset (Vandecandelaere et al., 2014a), in which kindergarten repeaters in the long term scored significantly higher compared to first-grade repeaters. However, while Vandecandelaere et al. (2015) found a significant advantage of kindergarten retention compared to first-grade retention for the total at-risk group, our estimates failed to reach significance within this group. This might be explained by the different strategy to adjust for confounding. Vandecandelaere et al. (2015) matched kindergarten repeaters and first-grade repeaters based on characteristics measured in Year 0. It is possible that these variables did not fully capture the probability to be retained in first grade, since the true decision comes one year later. In the current study, we also weighted the treatment conditions based on time-varying information measured in Year 1. 
[bookmark: _Toc409116360]Limitations 
We believe that our findings are a step forward in refining the insights into the relative consequences of early grade retention. Nevertheless, some limitations should be noted. 
First, our results rely on the exchangeability assumption, meaning that we assume that adjusting for observed covariates was sufficient to deal with differences between treatment groups and between censored and uncensored groups. Our findings are unbiased only to the extent that the treatment and censoring models were correctly specified and included all relevant confounders. To examine the extent to which the results were sensitive to possible violations of the exchangeability assumption, we obtained new estimates in the total group after including one additional variable in the propensity score models. The additional variable consisted of the student’s score on Raven’s Progressive Matrices, which is a non-verbal intelligence test (Raven, Raven & Court, 2004). This score was not included in the analyses reported in the article as children took the test in Year 3. Since the test was taken after the treatment, the variable was considered inadequate to be included. However, the inclusion of this variable gives an indication of the sensitivity of our results for potentially unmeasured variables, as it is at most minimally affected by external factors. After adjustment for intelligence, the growth curves were similar and all estimates were going in the same direction. In other words, if unmeasured confounders were to explain away the observed effects of retention, the degree of confounding bias that they induce would need to be much larger than that due to non-verbal intelligence itself. Hence, our results do not seem highly sensitive to possible departures from the exchangeability assumption.
Second, as explained by McCaffrey, Lockwood and Setodji (2013) and Steiner, Cook and Shadish (2010), whenever selection and outcome involve latent variables (such as student ability), random measurement error can bias effect estimates. As we explained above, increasing the number of correlated covariates may compensate for each covariate’s own unreliable assessment and reduce bias caused by measurement error. Nevertheless, it should be noted that any remaining measurement error may result in remaining bias. 
Third, our results should be seen within its country-specific context. We gave a brief overview of the educational context in Flanders to provide to the reader a contextual framework. Since grade retention is generally uncontroversial in Flanders, results may differ in an educational context in which grade retention is seen as less desirable. Additional research is needed to investigate the validity of our findings in settings with different cultural, economic or policy characteristics. 
Fourth, we focused on kindergarten retention versus being promoted and being retained in first grade instead. Children who were retained later on were coded as missing (censored) because the number of students in these groups were rather small. Also, balancing more treatment categories would have complicated the research design in dealing with time-varying confounding at multiple occasions. It is important to note that we only adjusted for this nonrandom missingness to the extent that our measured covariates capture all predictors of censoring that are also associated with math achievement. 
Implications for Policy and Practice
In this study, we have demonstrated that early grade retention rather than continuous promotion does not benefit at-risk children’s mathematics development. This contradicts the general beliefs among teachers in Flanders that grade retention is beneficial (Juchtmans & Vandenbroucke, 2013). One may therefore wonder where these beliefs come from and why grade retention is so frequently applied. There may be a couple of different potential explanations. First, grade retention can be seen as a ‘necessary evil’ in standard age-grouped educational settings. Age-grouped settings aim to minimize the diversity in developmental levels (Aina, 2001). The pedagogical reasoning behind this is that students benefit most from a curriculum and environment that caters to the needs that are characteristic of their age. Of course, this reasoning relies on the assumption that children develop at the same time at the same rate. When a child falls behind, the initial aim of these settings becomes threatened. The learning environment is no longer aligned with the needs of all children. A straightforward solution is then to refer the child to a learning environment that is thought to be better tailored to his needs, i.e., to a lower grade or to special education. From this point of view, grade retention warrants the intended efficiency of age-grouped settings. In other words, it seems that grade retention is not merely an intervention for struggling students, but rather might be seen as a necessary means to guarantee equal opportunities for all children, including children who are not at risk to be retained. 
Second, educators might be convinced of the benefits of retention for the underachieving child because they actually do observe benefits. Indeed, grade repeaters in the current study were found to make progress during their retention year; they scored higher than the year before. However, the counterfactual group made more progress. Because teachers only observe the child under the retention condition and do not observe the counterfactual, their beliefs about grade retention effectiveness may be biased.
In this study, we have also demonstrated that, for younger children, kindergarten retention is less harmful compared to first-grade retention. In particular, our results indicate that if a child is to be retained either way, kindergarten retention is preferred rather than first-grade retention, at least for the development in mathematics. It seems valuable to increase awareness of the preventive function of kindergarten retention for younger at-risk children, as being retained in kindergarten prevents children from being retained in first grade and, as a consequence, from having even lower mathematics scores in the long term. 
Our findings raise the question of what viable alternatives for grade retention would be. Simply abolishing kindergarten retention and encouraging social promotion is probably not the right answer for several reasons. First, it seems that avoiding early grade retention is likely to result in higher rates of delayed retention and other practices of exclusion or homogenization, such as drop-out or referral to separate schools and classes for special education (see e.g., Vandecandelaere et al., 2014). Through weighting, we created a pseudo-population in which confounding was removed. However, it is important to keep in mind that the results are devoid of the necessary conditions to substantiate this pseudo-population in the real world. In other words, simply concluding that early grade retention should be avoided disregards the capacity of the contemporary educational setting. Diminishing grade retention inevitably goes together with additional changes in the educational system. While grade retention leads to more homogenous class groups, social promotion involves more heterogeneity. This creates challenges for current policy and practice, for example, school psychologists may establish the necessary conditions to enable a curriculum and environment to accommodate individual learning differences with all kinds of learners. Second, previous research has indicated that promoting at-risk children to first grade might have serious consequences for their psychosocial development (Hong & Yu, 2008; Vandecandelaere et al., 2014; Wu et al., 2010). In particular, they are vulnerable to ending up in a negative spiral of problem behavior, low self-confidence and wellbeing, and affected relations with their peers. With this in mind, we hope to encourage policy and practice to provide additional support for at-risk children who are promoted. To organize such support, practitioners (e.g., school psychologists, teachers) may implement practices or interventions that are known to have a positive impact on psychosocial development, as well as interventions that remedy academic failure. For example, research has demonstrated the benefits of summer school for at-risk children’s academic outcomes (e.g., Jacob & Lefgren, 2004). This might prevent academic failure and its consequences, such as later grade retention, referral to special education, and negative psychosocial outcomes. Overall, we believe that the current literature favoring more ‘universal design for learning (UDL)’ may be promising (Priestley, 2007; Rose & Meyer, 2002). UDL focuses on revealing and addressing the contextual factors that prevent education to adapt to the great diversity of students. The premise is that education should not differentiate between groups of students with the same (problematic) characteristics (which can lead to exclusion of certain subgroups), but that the best approach must be chosen for each child. 
Age-grouped settings are inherent in our so-called grammar of schooling, which refers to the “regular structures and rules that organize the work of instruction” (Tyack & Tobin, 1994, p. 454). Although this setting and its logic are generally taken for granted, our findings indicate that it at least partially misses its mark. While we intend to safeguard equal educational opportunities for all children, the educational system in its present form blocks at least some opportunities for children who are retained. We hope to encourage the field to shed light on suppositions in the current setting. Future research might be of use to map out the relevant grammar of schooling in a grade retention policy. For example, theory-based impact evaluation might offer new insights. 
Directions for Future Research
In this study, we could only speculate about underlying mechanisms that explain our findings. To open up the black box, further research is needed that explicitly addresses the ecology of a grade retention policy. 
A second important challenge for future research is to explore the effect of grade retention relative to separate schools or classes for special education. We believe that interventions to diminish grade retention rates goes hand in hand with interventions to reduce exclusion from mainstream education. At the same time, this requires research to investigate the necessary conditions and capacity of schools to promote students instead of retaining them, or put more broadly, the necessary conditions to provide more inclusive education.
Finally, in this study, we have demonstrated that the counterfactual question of grade retention effects is extremely challenging to answer. We are convinced that current and future advances in causal methods to address counterfactual questions, the expansion of statistical software to apply these, and the use of mixed methods, will be of great use to further examine the impact of grade retention. This study is one step forward and forms one piece of the jigsaw that needs to be made to understand the bigger picture. To contribute to education that benefits all children, we must persevere in our efforts to evaluate the impact of educational interventions, such as grade retention, a joint challenge for all stakeholders with educational responsibility.
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Table 1 
Demographic features of the full sample and the analytic sample (at-risk group)
	
	Full sample
	Analytic sample

	Average month of birth
	June
	August

	Gender
	Proportion of girls
	
0.50
	
0.48

		Proportion of boys
	0.50
	0.52

	Home language
	Proportion of  Dutch 
	
0.72
	
0.56

		Proportion of  Dutch and at least one other language
	0.21
	0.21

		Proportion of  other language only
	0.13
	0.23

	Ethnicity 
	Proportion of  Belgium
	
0.77
	
0.59

		Proportion of the Maghreb and Turkey
	0.11
	0.24

		Proportion of other non West-European
	0.08
	0.14

		Proportion of  West-European
	0.05
	0.03




Table 2
Descriptive statistics of the seven rounds of assessment in the analytic sample
	Math IRT scale score
	n
	M
	SD

	Year 0
	759
	38.73
	6.44

	Year 1
	469
	55.48
	8.48

	Year 2
	452
	65.00
	8.34

	Year 3
	334
	75.30
	8.15

	Year 4
	325
	83.25
	8.97

	Year 5
	281
	91.15
	8.71

	Year 6
	267
	95.16
	8.58






Table 3 
Number of observations in the total sample and within each subgroup 
	
	Year 0
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Year 6

	
Total 
	
	
	
	
	
	
	

	noR
	759
	360
	163
	112
	92
	82
	83

	KR
	
	109
	144
	81
	71
	57
	42

	G1R
	
	
	145
	110
	103
	80
	74

	
Prior achievement
	
	
	
	
	
	
	

	Above median (high)
	
	
	
	
	
	

	noR
	341
	207
	116
	87
	72
	67
	68

	KR
	
	36
	49
	30
	26
	24
	23

	G1R
	
	
	71
	53
	56
	48
	42

	Below median (low)
	
	
	
	
	
	

	noR
	341
	144
	41
	20
	17
	12
	12

	KR
	
	66
	80
	41
	37
	27
	15

	G1R
	
	
	72
	54
	44
	30
	29

	
Age 
	
	
	
	
	
	
	

	Jan-Aug 1997 (older group)
	
	
	
	
	
	

	noR
	398
	197
	80
	45
	34
	28
	30

	KR
	
	44
	51
	32
	28
	20
	15

	G1R
	
	
	87
	63
	62
	44
	40

	Sept-Dec 1997 (younger group)
	
	
	
	
	
	

	noR
	361
	163
	83
	67
	58
	54
	53

	KR
	
	65
	93
	49
	43
	37
	27

	G1R
	
	
	58
	47
	41
	36
	34





Table 4 
Description and information source of covariates included in the propensity score model
	Covariate
	Description
	Information source

	Baseline covariates
	

	Month of birth
	Month in which the child was born
	PQ

	Gender 
	Gender of the child
	PQ

	SES
	Socioeconomic status: score computed by means of confirmatory factor analysis based on seven indicators: (1) Highest diploma father, (2) Highest diploma mother, (3) Employment status father, (4) Employment status mother, (5) Occupational level father, (6) Occupational level mother and (7) Income.
	PQ

	Home Language
	Language spoken at home (3 categories: Dutch ; Dutch and other language; only other language)
	PQ

	Ethnicity 
	Ethnic background (4 categories: the Maghreb and Turkey; other non West-European; West-European; Belgium)
	PQ

	High risk student 
	Identified by the Flemish government as high risk student: A student meeting at least one out of five equal opportunities indicators: 
1. The parent is a barge skipper, fairground worker, circus artist or a caravan dweller. 
2. The mother hasn’t obtained a qualification of secondary education. 
3. The child is temporarily or permanently living outside the family. 
4. The family lives on a replacement income. 
5. The language the child speaks with his family at home is not Dutch. 
	OR

	Time-varying covariates
	

	Math  
	Mathematics achievement score 
	AT

	Language
	Language achievement score
	AT

	Independent 
	Scale score of 4 items measuring ability to take initiative and to act autonomously with regard to school tasks
	TQC

	Cooperative 
	Scale score of 4 items measuring socially responsible behavior and ability to deal with authority in the classroom
	TQC

	Hyperactive 
	Scale score of 4 items measuring display of restless classroom behavior and lack of attention
	TQC

	Asocial 
	Scale score of 4 items measuring preference for solitary play and tendency to isolate from peers
	TQC

	Aggressive 
	Scale score of 4 items measuring the frequency of negative and dominating behavior
	TQC

	Attitude work 
	Scale score of 3 items measuring accuracy and ability to stay on task for a period of time
	TQC

	Self-confidence 
	Item measuring child’s self-confidence
	TQC

	Peer relations 
	Scale score of 4 items measuring peer-acceptance and ability to get along with peers
	TQC

	Well-being
	Scale score of 4 items measuring wellbeing of the child at school
	TQC

	Anxious 
	Scale score of 4 items measuring anxious-fearful behavior
	TQC

	Prosocial 
	Scale score of 7 items measuring the extent to which the child is prosocial with peers
	TQC

	Rel ach
	Teacher rated relative achievement level
	TQC

	Support
	Scale score of 7 items measuring support in the child’s home environment
	TQC

	Gap
	Scale score of 4 items measuring the cultural gap between home and school
	TQC

	TR language  
	Teacher rated language ability in kindergarten
	TQC

	TR math
	Teacher rated math ability in kindergarten 
	TQC

	Prognosis SE
	Teacher’s prognosis of success in secondary education, rated in kindergarten 
	TQC

	% High risk 
	Percentage of high risk students at school 
	OR

	Mean SES
	Mean socioeconomic status at the school level
	PQ

	Mean lang
	Mean language achievement score at the school level 
	AT


Note. K = kindergarten; PQ = parent questionnaire; TQC = teacher questionnaire about the child; AT: achievement test; OR: official records.



Table 5 
Contrast estimates of mathematics development within the total group before and after weighting
	Year
	Contrast
	
	Before weighting
	
	After weighting

	
	
	
	Estimate
	SE
	z
	ES
	
	Estimate
	SE
	z
	ES

	Year 1
	noR-KR
	
	11.76
	***
	0.80
	14.73
	1.39
	
	11.24
	***
	0.97
	11.53
	1.33

	Year 2
	noR-KR
	
	12.04
	***
	0.79
	15.31
	1.44
	
	11.05
	***
	1.19
	9.29
	1.33

	
	noR-G1R
	
	7.91
	***
	0.76
	10.37
	0.95
	
	7.00
	***
	1.01
	6.95
	0.84

	
	KR-G1R
	
	-4.13
	***
	0.71
	-5.82
	-0.50
	
	-4.05
	***
	0.93
	-4.36
	-0.49

	Year 3
	noR-KR
	
	7.46
	***
	1.09
	6.87
	0.92
	
	6.84
	***
	1.28
	5.33
	0.84

	
	noR-G1R
	
	7.36
	***
	0.92
	8.01
	0.90
	
	6.67
	***
	1.02
	6.55
	0.82

	
	KR-G1R
	
	-0.11
	
	0.97
	-0.11
	-0.01
	
	-0.17
	
	1.08
	-0.15
	-0.02

	Year 4
	noR-KR
	
	6.20
	***
	1.29
	4.80
	0.69
	
	5.84
	*
	2.57
	2.27
	0.65

	
	noR-G1R
	
	7.84
	***
	1.08
	7.26
	0.87
	
	6.27
	**
	2.04
	3.08
	0.70

	
	KR-G1R
	
	1.63
	
	1.14
	1.43
	0.18
	
	0.43
	
	1.65
	0.26
	0.05

	Year 5
	noR-KR
	
	4.79
	***
	1.32
	3.62
	0.55
	
	5.61
	*
	2.36
	2.38
	0.64

	
	noR-G1R
	
	7.03
	***
	1.22
	5.77
	0.81
	
	5.84
	***
	1.51
	3.88
	0.67

	
	KR-G1R
	
	2.24
	
	1.29
	1.74
	0.26
	
	0.23
	
	2.29
	0.10
	0.03

	Year 6
	noR-KR
	
	3.68
	*
	1.56
	2.36
	0.43
	
	3.19
	
	2.77
	1.15
	0.37

	
	noR-G1R
	
	7.45
	***
	1.20
	6.23
	0.87
	
	5.69
	**
	2.01
	2.83
	0.66

	
	KR-G1R
	
	3.77
	*
	1.51
	2.50
	0.44
	
	2.50
	
	2.51
	1.00
	0.29


Note. ES represents the effect size measure Cohen d for significant effects, estimated in terms of the respective standard deviations of the retained children’s outcome that year. Cohen (1988) labeled d values of 0.20, 0.50 and 0.80 as small, medium and large effect sizes respectively; *** p<0.001; ** p<0.01; * p<0.05

Table 6 
Contrast estimates of mathematics development for the lower and higher achieving group

	Year
	Contrast
	
	Lower achieving group
	
	Higher achieving group

	
	
	
	Estimate
	SE
	z
	ES
	
	Estimate
	SE
	z
	ES

	Year 1
	noR-KR
	
	11.95
	***
	1.09
	11.02
	1.83
	
	7.05
	***
	1.64
	4.29
	1.08

	Year 2
	noR-KR
	
	9.74
	***
	1.78
	5.48
	1.49
	
	10.34
	***
	1.31
	7.92
	1.37

	
	noR-G1R
	
	5.13
	**
	1.70
	3.03
	0.79
	
	9.04
	***
	1.18
	7.67
	1.20

	
	KR-G1R
	
	-4.61
	***
	1.09
	-4.24
	-0.71
	
	-1.30
	
	1.46
	-0.89
	-0.17

	Year 3
	noR-KR
	
	4.71
	
	2.83
	1.67
	0.63
	
	4.10
	*
	1.88
	2.18
	0.55

	
	noR-G1R
	
	4.16
	
	2.52
	1.65
	0.55
	
	5.77
	***
	1.34
	4.30
	0.77

	
	KR-G1R
	
	-0.55
	
	1.73
	-0.32
	-0.07
	
	1.67
	
	1.85
	0.90
	0.22

	Year 4
	noR-KR
	
	3.90
	
	4.60
	0.85
	0.46
	
	4.33
	
	2.29
	1.89
	0.52

	
	noR-G1R
	
	2.44
	
	3.81
	0.64
	0.29
	
	7.12
	***
	1.70
	4.19
	0.85

	
	KR-G1R
	
	-1.46
	
	2.42
	-0.60
	-0.17
	
	2.79
	
	2.53
	1.10
	0.33

	Year 5
	noR-KR
	
	8.23
	
	4.87
	1.69
	0.98
	
	2.43
	
	2.59
	0.94
	0.29

	
	noR-G1R
	
	4.72
	
	2.92
	1.62
	0.56
	
	6.80
	**
	2.30
	2.95
	0.81

	
	KR-G1R
	
	-3.51
	
	3.82
	-0.92
	-0.42
	
	4.37
	
	2.56
	1.71
	0.52

	Year 6
	noR-KR
	
	6.10
	
	4.27
	1.43
	0.77
	
	2.94
	
	3.06
	0.96
	0.37

	
	noR-G1R
	
	8.84
	*
	3.49
	2.53
	1.11
	
	4.15
	
	2.21
	1.88
	0.52

	
	KR-G1R
	
	2.74
	
	3.24
	0.84
	0.34
	
	1.20
	
	2.66
	0.45
	0.15


Note. ES represents the effect size measure Cohen d for significant effects, estimated in terms of the respective standard deviations of the retained children’s outcome that year. Cohen (1988) labeled d values of 0.20, 0.50 and 0.80 as small, medium and large effect sizes respectively; *** p<0.001; ** p<0.01; * p<0.05


Table 7 
Contrast estimates of mathematics development for the younger and older group
	Year 
	Contrast
	
	Younger  group
	
	Older group

	
	
	
	Estimate
	SE
	z
	ES
	
	Estimate
	SE
	       z
	ES

	Year 1
	noR-KR
	
	10.57
	***
	1.44
	7.34
	1.22
	
	13.30
	***
	1.43
	9.31
	1.63

	Year 2
	noR-KR
	
	10.90
	***
	1.54
	7.06
	1.28
	
	12.06
	***
	2.53
	4.78
	1.50

	
	noR-G1R
	
	6.47
	***
	1.63
	3.96
	0.76
	
	8.02
	***
	1.95
	4.12
	1.00

	
	KR-G1R
	
	-4.43
	***
	1.21
	-3.67
	-0.52
	
	-4.04
	
	2.23
	-1.81
	-0.50

	Year 3
	noR-KR
	
	7.16
	***
	1.68
	4.27
	0.83
	
	4.56
	*
	2.27
	2.01
	0.69

	
	noR-G1R
	
	5.95
	***
	1.36
	4.39
	0.69
	
	5.71
	***
	1.52
	3.75
	0.87

	
	KR-G1R
	
	-1.21
	
	1.53
	-0.79
	-0.14
	
	1.15
	
	1.83
	0.63
	0.17

	Year 4
	noR-KR
	
	5.12
	
	3.21
	1.59
	0.57
	
	3.25
	
	2.65
	1.23
	0.38

	
	noR-G1R
	
	5.91
	*
	2.77
	2.13
	0.66
	
	5.92
	***
	1.74
	3.41
	0.70

	
	KR-G1R
	
	0.79
	
	1.93
	0.41
	0.09
	
	2.67
	
	2.46
	1.09
	0.32

	Year 5
	noR-KR
	
	5.14
	*
	2.61
	1.97
	0.58
	
	1.22
	
	3.03
	0.40
	0.15

	
	noR-G1R
	
	6.75
	***
	1.75
	3.85
	0.76
	
	2.84
	
	2.39
	1.19
	0.35

	
	KR-G1R
	
	1.61
	
	2.74
	0.59
	0.18
	
	1.63
	
	2.96
	0.55
	0.20

	Year 6
	noR-KR
	
	2.13
	
	2.08
	1.03
	0.24
	
	0.91
	
	4.01
	0.23
	0.11

	
	noR-G1R
	
	7.02
	**
	2.37
	2.96
	0.80
	
	3.23
	
	2.48
	1.30
	0.41

	
	KR-G1R
	
	4.89
	*
	2.12
	2.31
	0.56
	
	2.32
	
	3.47
	0.67
	0.29


Note. ES represents the effect size measure Cohen d for significant effects, estimated in terms of the respective standard deviations of the retained children’s outcome that year. Cohen (1988) labeled d values of 0.20, 0.50 and 0.80 as small, medium and large effect sizes respectively; *** p<0.001; ** p<0.01; * p<0.05



Figure 1. Propensity score distributions before and after selection
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Figure 2. Mathematics development in the total at-risk group
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Figure 3. Mathematics development in the lower achieving at-risk group
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Figure 4. Mathematics development in the higher achieving at-risk group
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Figure 5. Mathematics development in the younger at-risk group
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Figure 6. Mathematics development in the older at-risk group
[image: ]
1

image2.png
Math score

100

40 50 60 70 80 90

Total at-risk group

G1R

Y3

Year

Y4

Y5

Y6





image3.png
Math score

100

80 90

50 60 70

w0

Lower achieving at-risk group

Year





image4.png
Math score

100

80 90

50 60 70

40

Higher achieving at-risk group

GIR

Yo

Y1 Y2 Y3 Y4 Y5

Year

Y6





image5.png
Math score

100

80 90

50 60 70

40

Younger at-risk group

— mnoR
—-- KR
GIR

Year

Y5 Y6





image6.png
Older at-risk group

T
0oL

T T T T T T
06 08 0L 09 0S5 OF

21005 Ul

Y6

Y5

Y4

Y1

Yo

Year




image1.png
Frequency

Frequency

150

15 20 25

10

Logit of propensity scores K retention in full sample

r
-3

T T T T 1
-2 -1 0 1 2

Logit of propensity scores K retention in analytic sample

Frequency

Frequency

20 40 60 80 100

[

8 10 12

6

Logit of propensity scores G1 retention in full sample

Promoted to G2
G repeaters

r T T T T T T 1
-3 -2 -1 0 1 2 3 4

Logit of propensity scores G1 retention in analytic sample




