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META-ANALYSIS OF FADEOUT 1 

 
Abstract 

 
Researchers and policymakers pursue educational interventions with the goal of altering 

children’s long-term trajectories. However, many effects fade quickly after interventions end. 

Researchers have sought to address the fadeout problem by identifying characteristics of 

interventions that lead to persistent effects, though reliable answers have been elusive. We 

present evidence from 87 randomized controlled trials of educational interventions targeted at a 

diverse array of skills across developmental stages. We examined whether salient intervention 

features consistently explain medium-term persistence rates, testing widely held theories about 

skill building. We observed evidence of fadeout for most interventions. Although persistence 

rates varied, salient features of interventions explained only a small portion of this variation.  

 

Keywords: intervention, academic achievement, social-emotional skills, longitudinal, meta-

analysis, evaluation 
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How General is Educational Intervention Fadeout?  

A Meta-Analysis of Educational RCTs with Follow-Up 

Understanding the effects of educational interventions is key to both educational research 

and practice. Billions of public dollars have been invested in educational intervention evaluations 

in the U.S. over the past 25 years, with the Institute of Educational Sciences overseeing a 

massive expansion of evaluation and experimentation since 2002i. Educational interventions are 

often built on the premise that childhood and adolescence constitute sensitive periods marked by 

substantial malleability (e.g., Bornstein, 1989), during which interventions can target critical 

skills with long-reaching benefits. This expectation rests on the intuitive assumption that “skills 

beget skills;” earlier skill gains will lead to future skill advancements (Cunha & Heckman, 2007; 

Masten & Cicchetti, 2010). Well-controlled longitudinal studies have also underwritten the 

promise of skill-building theories, as individual differences in early skills are often highly 

predictive of later differences in skills (e.g., Duncan et al., 2007; Watts et al., 2014). The 

predictive validity of childhood skills even extends into adulthood, with many studies reporting 

that various measures of childhood cognitive (e.g., Ritchie & Bates, 2013; Watts, 2020) and 

social-emotional (e.g., Moffitt et al., 2012; Koepp et al., 2022) skills strongly predict key 

measures of adult functioning, like economic attainment and health. Together, this research 

literature has built the foundation for the science of educational interventions with a convincing 

logic: educational interventions improve important skills, and such skill gains set children on an 

advanced trajectory that translates to better outcomes over time and into adulthood. Indeed, 

several well-known early childhood interventions run in the mid-20th century appeared to 

produce this exact pattern of results (see review in Elango et al., 2015). 
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 However, despite impressive advancements in rigorous evaluations of educational 

programs and policies in recent years, the field has struggled to generate a reliable intervention 

science that provides sure-fire recommendations for producing the kinds of persistent effects 

predicted by our theoretical models (Lortie-Forgues & Inglis, 2019). Accumulating evidence of 

intervention fadeout, whereby skill impacts observed at the end of an intervention program 

diminish over time, intuitively appears to conflict with the skill-building model of educational 

interventionii. In particular, fadeout has been a major source of concern in the early childhood 

education (ECE) literature over the past decade (Bailey et al., 2017). Although fadeout has 

received the most attention in the ECE literature, we have little reason to believe that the 

phenomenon is limited to ECE interventions. Indeed, fadeout has been documented in several K-

12 studies of various educational programs (see review in Bailey et al., 2020). 

Fadeout is often viewed as an aberrant phenomenon for researchers to overcome through 

“better” intervention design and implementation. Yet, the field lacks a framework for 

understanding when fadeout should be expected across various models of educational 

interventions. Skill-building interventions can vary widely in the skills targeted, intervention 

components, and theories of change. Multiple reviews articulate potential sources of 

heterogeneity that might explain whether an educational intervention effect is likely to persist or 

fade (e.g., Abenavoli, 2019; Bailey et al., 2020), though these theories have been challenging to 

test empirically. It remains an open question whether we can use researchers’ theories about 

impact persistence to predict a priori whether a given intervention is likely to produce an 

enduring or fading effect.  

In the current study, we created a meta-analytic dataset of intervention impacts from 

randomized controlled trials (RCTs) of a wide variety of educational interventions. These 
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interventions targeted a range of child and adolescent skills and behaviors, including literacy, 

mathematics, general cognitive ability, social-emotional functioning, and adolescent risk-taking. 

We began by broadly examining the patterns of persistence and fadeout across all 87 RCTs 

included in our dataset. We then tested whether salient intervention features were associated with 

increased intervention persistence rates across studies. For these tests, we operationalized the 

issue as a forecasting problem: if we observe two end-of-treatment effect sizes of, say, 0.30 SDs 

produced by two different interventions, can we identify intervention features that would allow 

us to predict which intervention will generate the larger impact at follow-up? Ultimately, we 

were interested in examining whether the literature has produced any class of intervention—

categorized by easily definable features—for which fadeout was not observed.  

Below, we review the literature and theories on the features of interventions that could 

matter for persistence, before detailing the meta-analytic data, results, and implications for the 

field moving forward.  

Defining Fadeout and Persistence 

 We use the terms “persistence” and “fadeout” to describe two sides of the same coin: the 

former describes the extent to which intervention effects on the same construct hold over time, 

while the latter describes the extent to which these effects diminish. In our conception, 

intervention effects are typically operationalized as standardized mean differences between an 

intervention group and a comparison group. So, an intervention that produced a .30 SD effect on 

mathematics achievement at intervention end, followed by a .10 mathematics effect at 1-year 

follow-up, could be characterized by 33% persistence (i.e., .10/.30) or 67% fadeout (i.e., (.30-

.10)/.30). Note that in our definitions, persistence and fadeout are captured by comparing follow-

up effect sizes against the magnitudes of the initial effects. Also crucial, fadeout and persistence 
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describe effect patterns on the same construct over time. Holding the construct constant is 

important because it helps distinguish fadeout from transfer issues, which concern the production 

of intervention impacts that generalize to other skill domains (e.g., Sala & Gobet, 2019).  

Why might some intervention effects persist more than others? 

Skills 

 Educational interventions target a wide variety of skills. Some skills might be particularly 

prone to fadeout, whereas others could provide the necessary elements for persistence. Bailey et 

al. (2017) argued that interventions should target “trifecta” skills to produce longer-lasting 

impacts. They described trifecta skills as skills that are malleable, fundamental, and unlikely to 

be learned under the counterfactual condition. Though theoretically convincing, the field has 

struggled to identify a priori intervention targets that will meet the definition of “trifecta” skills. 

Most notably, researchers have argued that longer-term effects for educational programs are 

likely to be driven by persistent effects on social-emotional skills rather than cognitive skills 

(Heckman & Kautz, 2013). This theory has been fueled by some interventions that apparently 

produced long-term effects on adult outcomes, even when short-term effects on measured 

cognitive skills faded (Chetty et al., 2011; Deming, 2009). Indeed, much of the research on early 

intervention fadeout has focused on cognitive skill impacts (e.g., Bailey et al., 2017). Social-

emotional skills appear to meet the “trifecta” definition in that they show sensitivity to 

interventions (e.g., Durlak et al., 2011) and strong validity in predicting adult outcomes (Moffitt 

et al., 2011). Additionally, children may be less likely to encounter direct social-emotional 

instruction in typical school environments.  

 However, recent meta-analyses have cast doubt on the simplest versions of these skill-

specific theories. The Meta-Analysis of Educational RCTs with Follow-Up (MERF), which 
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provides the data for the current study, has suggested that fadeout trajectories are similar across 

social-emotional and cognitive skills (Hart et al., 2024). Persistence rates varied considerably 

within and across studies, yet targeted skills appeared to explain little of this variation. The 

ubiquity of fadeout across different skill types raises the question of whether intervention 

features might play a more important role in shaping persistence. 

Intervention Features 

 Intervention implementation quality is often evoked in reasoning about what kinds of 

interventions should generate more persistent effects. Interventions that are based on sound 

theory, target important developmental constructs, and are implemented more carefully may 

generate more persistent effects. In contrast, interventions that are executed haphazardly or 

generate large effects by “teaching to the test” might produce impacts that are “hollow” (e.g., the 

“overalignment” problem; Cheung & Slavin, 2016), and, thus, effects that fade quickly. Standout 

programs have contributed to these expectations. For example, researchers often evoke the 

exceptional intensity and quality of the Perry Preschool and Abecedarian early childhood 

programs – especially in contrast with the difficult circumstances poor children faced in the 

absence of intervention in the 1960s and 70s – when explaining their impressive effects on child 

and adult outcomes (Elango et al., 2015). It may follow that the fadeout effects observed in 

modern studies are caused by the implementation of lower-quality programs that provide 

marginal benefits that are necessarily transitory (Barnett et al., 2017; Elango et al., 2015; Stipek, 

2017a). 

 Beyond intervention quality, the field does not lack for other potential candidates to 

explain heterogeneity in program effects. In Table S1, we provide direct quotes from articles that 

discussed many such theories, with much of the speculation appearing in “discussion sections.” 
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For example, the developmental timing of the intervention might be a primary source of 

variation worth considering. The “earlier is better” assumption has long held sway across social 

sciences (e.g., Heckman, 2006; Institute of Medicine & National Research Council, 2000). The 

intensity and duration of the intervention could also matter, as more substantial investments 

likely produce longer-lasting impacts (Barnett et al., 2017), and lengthier programs could 

potentially provide support over key ‘make or break’ developmental transition points (Herrera et 

al., 2013). Programs that provide support during after-school hours, rather than as a substitute for 

school time, may yield benefits by providing additional time in supportive and instructional 

contexts (Herrera et al., 2013).   

 Developmental theory has long emphasized the importance of engaging multiple systems 

of development, or “proximal processes,” if environmental interventions are likely to take root 

(Bronfenbrenner & Morris, 2006). Perhaps interventions that create a “mosaic” of supports 

across multiple contexts or environments both inside of and outside of school (e.g., like the home 

environment vis à vis parents) might have stronger and longer-lasting effects by changing highly 

influential outside-of-school contexts in enduring ways (Garcia et al., 2020; Spoth et al., 2009; 

Stipek, 2017b). Likewise, targeting multiple skills through multi-component programs may be 

advantageous when the underlying theory of change is highly complex or when it is unclear what 

will work and why (Herrera et al., 2013; Klaus & Gray, 1968; Spoth et al., 2009). Alternatively, 

perhaps targeting the right skill that is foundational for subsequent developmental cascades may 

be more critical than breadth (e.g., targeting specific reading skills; Blachman et al., 2014). 

Narrowly scoped programs could also generate more replicable and consistent patterns of effects 

(Dynarski et al., 2013). 
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 Finally, the broader environmental contexts that surround children targeted by the 

intervention could also carry weight. The famous early childhood intervention studies described 

above recruited children from extremely disadvantaged backgrounds during times of limited 

social services (Whitaker et al., 2025). Indeed, educational intervention evaluations have 

commonly shown that interventions targeting children from disadvantaged backgrounds produce 

longer-lasting effects (Watts et al., 2023; Yoshikawa et al., 2013). Changing cultural milieus 

could also impact persistence patterns (e.g., the legalization and decriminalization of marijuana 

in the case of adolescent substance-use prevention programs; Spoth et al., 2022). 

Current Study 

Taken together, the predictions regarding longer-term impact variation across intervention 

features and skills converge on a basic question that we operationalize as a forecasting problem: 

Using the myriad theories offered for why intervention impacts might fade or persist, can we 

predict a priori which interventions will produce longer-lasting effects? Because impact 

persistence and fadeout must be understood relative to initial impacts, we ask whether two initial 

intervention impacts of equal magnitude diverge over the long term based on observable 

intervention characteristics. We addressed these questions using meta-analytic data and 

straightforward prediction models, which we describe below. Because of the wide-ranging 

theories that have been proposed and the lack of systematic empirical investigation to date, we 

considered our empirical models largely exploratory. We had no confident a priori predictions 

about which intervention features would explain heterogeneity in follow-up impacts. 

Method 

 Additional details regarding the data and measures can be found in the online 

supplementary file, and Hart et al. (2024) describe the study at length. The full codebook for the 
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meta-analysis can also be found online: https://doi.org/10.33009/ldbase.1719529626.152e. The 

data and analytic code for this paper will be posted prior to publication. Here, we provide a brief 

overview of key details. 

Data 

 To sample studies for inclusion in our meta-analysis, we drew from eight educational 

meta-analysis studies: Bailey et al. (2020); Burns et al. (2016); Kraft et al. (2018); Li et al. 

(2020); Protzko (2015, 2017); Suggate (2016); and Taylor et al. (2017). These meta-analyses 

were chosen because they covered a wide range of educational programs and interventions, 

including early childhood education, phonics for reading remediation, adolescent risky 

behaviors, social-emotional learning, and teacher professional development (among other 

topics). Unlike most meta-analyses, we were not interested in estimating the average effect for 

each intervention type. Instead, we were interested in examining longitudinal effects across a 

wide range of programs. The sampled meta-analyses provided 400 study reports in English.  

 Figure 1 presents the inclusion criteria that led to the analytic sample of effect sizes used 

in the current study. In an attempt to include studies with high internal validity, we only included  

RCTs (109 studies were excluded). We included only studies that reported effects on at least one 

cognitive or social-emotional outcome (broadly defined) at least 6 months after the end of the 

intervention and that used the same sample across time (102 studies were excluded). After 

eliminating a small number of studies that had no usable statistics reported (n = 5) or no 

educational intervention evaluated (n = 4), we were left with a sample of 85 studies with 110 

unique treatment-control contrasts (i.e., “interventions”) that reported 829 end-of-treatment (i.e., 

“endline;” “posttest”) effect sizes and 1,459 follow-up effect sizes.  
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 All elements of the data were double-coded by a then-doctoral student (second author) 

and at least one other graduate student coder. Initial reliability was established across the three 

primary coders, with agreement ranging from 82% to 89%. During the coding process, each 

paper was coded independently by two coders, and any discrepancies were then resolved via a 

meeting that often involved the study PI (doctoral-level researcher; first author). The coding 

process was extensive, with coders pulling information on study features, intervention 

characteristics, statistical reporting, and most importantly, effect sizes (the full coding protocol 

can be found here: https://doi.org/10.33009/ldbase.1719529626.152e).  

Measures 

Effect Sizes and Standard Errors  

Our key measures of interest were the intervention impacts on child outcomes in standard 

deviation units, along with the corresponding standard errors to account for statistical 

uncertainty. Thus, for each intervention, we attempted to obtain an effect size comparable to the 

standardized mean difference on a given outcome between the intervention and control groups. 

Owing to concerns that interventions might affect the variance of scores in an intervention group, 

when possible, we preferred Glass’s Delta, which represents the standardized mean difference in 

control-group standard deviations (i.e., ES = (Mtx – Mctrl) / SDctrl). When coding effect sizes, we 

used author-reported impacts from the featured statistical model, unless the model did not allow 

for an interpretable average treatment effect (e.g., a model with treatment group interactions or 

treatment mediators). If necessary, we also used the descriptive statistics to calculate effect sizes. 

In some cases, we had to use extensive calculations to derive an effect size from reported 

statistics, including for binary outcomes (e.g., odds ratios) that had to be translated into an 

estimate of the standardized mean difference. In all cases, we scaled effect sizes so that higher 
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values represented more socially desirable outcomes for the intervention group (e.g., a drop in 

the likelihood of drinking was rescaled as a “positive” effect).  

 As with effect sizes, we also coded author-reported standard errors to determine the 

precision of each impact estimate. However, in many cases, we calculated standard errors using 

descriptive statistics when no author-reported standard errors could be located (see the 

supplement for details). In several studies, randomization was conducted at a cluster level (e.g., 

schools or classrooms). If authors reported impacts from a statistical model using a cluster RCT, 

we assumed they used a statistical correction for clustering (e.g., hierarchical linear modeling). 

For the effect sizes and standard errors we calculated from descriptive statistics, we inflated the 

standard errors by a variance inflation factor to account for clustering (see supplemental file).    

 For all effect sizes, we also coded details about the construct and measure. Our preferred 

models included only effect sizes that could be linked using the same construct and measure over 

time. Thus, the key unit of observation in our analyses was an “aligned outcome,” which 

consisted of a series of longitudinal impacts for a given intervention reported for a consistently 

measured construct over time (e.g., the impact for “Study A” on language ability measured via 

the PPVT at posttest, 1-year follow-up, 2-year follow-up, etc.). Hart et al. (2024) fit models that 

relaxed the grouping criteria to flexibly allow for changes in measure, subscale, and reporter 

across follow-up waves and found that primary estimates from the regression-based modeling 

(detailed below) were robust. Supplemental Figure S1 lists each intervention that contributed at 

least one aligned group to our sample and, hence, was included in our models. References to all 

reports coded to create the larger MERF sample are listed at the end of the supplement. 

Intervention Characteristics 
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We aimed to code the salient features of interventions in our sample. For the purposes of 

the current paper, we focused on characteristics referenced in discussions of persistence and 

those consistently reported (or reasonably inferred) in studies in our sample. We coded a number 

of variables related to intervention structure, including: whether children in the counterfactual 

condition received any inputs (versus “business as usual”), the intended length of the program, 

and whether the program added time to a child’s school experience rather than replacing time 

with a new curriculum or program. We additionally coded participant characteristics, including 

age at baseline and whether participants were included in the sample based on an ability 

characteristic (e.g., children with learning disabilities). 

We also employed non-exclusive codes to capture the intervention targets. We coded 

whether the intervention targeted various child skills and proficiencies, among which language 

and literacy, social-emotional skills, substance use, and psychological well-being were the most 

common and, thus, examined in the present study. Based on these codes, we created a coarse 

indicator for the intervention’s breadth. Programs that targeted both social-emotional and 

cognitive skills were considered “broad,” whereas programs that targeted only one were 

considered “narrow.” We also coded whether the intervention targeted parents. 

Analysis 

 Because we operationalized the problem of whether intervention characteristics explain 

intervention effect persistence and fadeout as a forecasting problem, we fit straightforward 

predictive models to our meta-analytic data. These analyses were not pre-registered.  

Level 1: 

𝐸𝑓𝑓𝑒𝑐𝑡𝑆𝑖𝑧𝑒!" = 𝛽#" + 𝛽$"𝐸𝑓𝑓𝑒𝑐𝑡𝑆𝑖𝑧𝑒%" + 		𝜀!" 

Level 2: 
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𝛽#" = 𝛾## + 𝑢#" 

𝛽$" = 𝛾$# + 𝑢$" 

Here, we regress follow-up effect sizes (𝐸𝑓𝑓𝑒𝑐𝑡𝑆𝑖𝑧𝑒!") on posttest (i.e., endline) effect sizes 

(𝐸𝑓𝑓𝑒𝑐𝑡𝑆𝑖𝑧𝑒%") to generate an average persistence rate (𝛽$") across the meta-analytic sample. 

We term the resulting slope term as the “conditional persistence rate,” which can be interpreted 

as the predicted follow-up effect (in SD units) that would result from a 1-SD increase in the 

posttest effect. The intercept term (𝛽#") captures the extent to which factors unrelated to posttest 

impacts predict follow-up effects (i.e., the average follow-up effect when posttest effects are 

zero; “unmeasured mediators”). Because we use a 2-level random effects model to account for 

study-level clustering of effect sizes, 𝛽#" and 𝛽$" are composed of two components, respectively: 

1) an average effect across all studies (i.e., 𝛾##, 𝛾$#); and 2) a study-specific random effect (𝑢#", 

𝑢$").  

 We used this base model to then examine the extent to which observable intervention 

features forecast longer-term intervention effects. We examined each intervention characteristic 

as a binary indicator so that the resulting meta-regression main effects and interactions could be 

compared across diverse features (see supplement for details). For each intervention feature, we 

first ran “split sample” models in which we estimated the constant and slope for only 

interventions that fit the intervention feature of focus (e.g., only ECE programs in one model and 

only non-ECE programs in a second model). By doing so, we were able to examine whether 

persistence was systematically different across key intervention features. To test for statistical 

differences in persistence, we ran models using the full sample in which we entered the main 

effect of the intervention characteristic and the interaction between the intervention characteristic 
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and posttest (the p-value for the interaction term reflects the difference in the slope, or 

“persistence” by the intervention feature). 

 We also fit models in which we sequentially entered all of the intervention characteristics, 

and their interactions with posttest, to examine how the random effect components of our model 

varied with the inclusion of intervention features. By doing so, we were able to assess the extent 

to which each intervention feature explained variance in follow-up effects, over and above what 

was explained by the posttest impact magnitude alone. 

 All meta-regression models were computed in R using the metafor package, with inverse 

variance weights (Viechtbauer, 2010). We used the clubsandwich package to then employ robust 

variance estimation with study-level clustering given the non-independence of impacts (i.e., 

multiple impacts per study) with small sample size (“CR2”) adjustments (Hedges, Tipton, & 

Johson, 2010; Pustejovsky, 2023; Pustejovsky & Tipton, 2018; Tipton, 2015). In sensitivity 

analyses, we combined RVE with the Correlated-and-Hierarchical (CHE) modeling approach 

(Pustejovsky & Tipton, 2022) that further accounts for the non-independence of effects by 

modeling within-study variance and assuming that effects from the same study were correlated at 

r = .60 (see supplemental file).  

Results 

Table 1 provides descriptive statistics for the sample of intervention RCTs included in our 

meta-analytic dataset. At the top of the table, we present the intervention features that we used in 

our analytic models to examine predictors of heterogeneity in persistence. As noted above, we 

limited our analyses to only interventions that provided at least one “aligned group,” in which 

impacts were provided on a consistently measured construct at posttest and at least one follow-

up. Of note, the ages of children targeted by the interventions in our sample ranged from 0 
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months old (i.e., recruitment at birth) to 14 years old (M = 94.67 months). On average, 

interventions lasted approximately 7.40 months, though this varied considerably (range: 1 to 36 

months). The interventions also varied in their apparent theories of change and targeted skills. 

Approximately 53% of interventions targeted language or literacy skills, while 52% targeted 

social-emotional functioning. A smaller set of interventions (22%) attempted to involve parents, 

and 14% added instructional time to student experiences. Table S2 presents the correlations 

among intervention characteristics. Some intervention features were highly correlated (r = -.77 to 

.64). 

The second panel of Table 1 also provides additional details regarding the sample. The 

average study had just over 5 aligned outcomes (i.e., a series of impacts on consistently 

measured constructs) that we were able to include in our analyses. Unfortunately, key 

demographic characteristics were reported inconsistently or not at all, which prevented us from 

including sample-level demographic indicators as potential predictors of heterogeneity. 

Importantly, the interventions included in our sample reported impacts on a range of skills (see 

Hart et al., 2024 for additional details). 51% of the “aligned groups” in our sample were 

cognitive skills (e.g., language, math, IQ), 46% were social-emotional (e.g., externalizing, 

internalizing, substance use), and 2% were undefined (i.e., measures that could not be 

categorized; see supplement for details).  

Figure 2 provides meta-analytic averages for the aligned groups in our data over time (see 

also Table S3 and Figure S2). In our data, the average posttest impact for any outcome with a 

linked follow-up impact was 0.30 SDs (p < .001). To provide longitudinal meta-analytic 

averages, we further binned the data at various follow-up points. At 6 to 12 months after the 

posttest, the average impact fell to .21 SDs (p < .001), and further to .07 SDs (p < .01) at follow-
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up of over 1 to 2 years. The figure shows a relatively stable asymptote for further follow-ups, 

hovering around .10 SDs, which was imprecisely estimated due to the lack of studies reporting 

follow-ups several years past intervention end. Importantly, sample selection appeared to play an 

increasingly important role as follow-up extended; studies reporting follow-up at later timepoints 

had larger initial effect sizes than those that stopped reporting (see Table S2). Given selection 

issues and the lack of data at further follow-up assessment waves, we present analyses for only 

the 6- to 12-month follow-up period (see supplement for 1- to 2-year results). 

Table 2 provides average effect sizes at posttest and 6- to 12-months follow-up, split 

across each intervention feature. With the exception of substance-use interventions, every 

category shows some degree of fadeout. However, if fadeout is understood relative to initial 

effect size, interventions that produced smaller initial effects tended to produce more persistence. 

For example, interventions that targeted older children (i.e., non-ECE interventions) produced 

initial effects of .21 SDs (p < .001), and this faded to only .19 SDs (p < .01) by follow-up. In 

contrast, ECE interventions produced initial effects of .42 (p < .001) that faded to .24 at follow-

up (p < .001). A similar pattern of smaller initial effects followed by more persistence was 

observed for interventions targeting social-emotional skills, interventions begun after the year 

2000, interventions targeting substance use, and interventions that did not include selection 

criteria (i.e., specific screening of children). 

Although these descriptive patterns are interesting, they do not directly answer our key 

questions, as they do not fully take advantage of the aligned outcomes by asking how each 

respective impact persists or fades over time (e.g., the impacts driving up the average at 6 to 12  

months for one type of intervention may not be the same impacts that drove up the average at 
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posttest). Moreover, simply observing meta-analytic averages fails to equate posttest impacts of 

different magnitudes.  

Consequently, in Table 3 we present our key meta-regression results, which are also 

displayed in Figure 3. We found that in our bivariate forecasting model, posttest impacts 

predicted 6- to 12-month follow-up impacts with a slope term of .46 (SE = .05; p < .001). This 

indicated that educational intervention impacts persisted at a rate of 46% by 6-12 months follow-

up (or faded by 56%). We observed a small, non-zero, intercept effect (.06, SE = .02, p = .003), 

indicating that, on average, a small portion of the meta-analytic follow-up effect was unexplained 

by posttest impacts on the same skill.  

We next turned to our tests of heterogeneity by intervention features. In Table 3, we 

present “split sample” results for each intervention feature. These results show the resulting slope 

(i.e., persistence rate) and constant term for each set of aligned groups reported for the various 

intervention types. In the p-value column, we provide results from a series of models that tested 

the main effect and interaction with posttest impact for each intervention feature. Figure 3 then 

depicts the interaction effects as the gray lines that vary around the overall slope of .46 for the 

full sample. As Table 3 and Figure 3 reflect, we did not observe full persistence for any class of 

intervention. Modeled persistence rates varied from .15 (p = .28) for interventions that broadly 

targeted multiple constructs to .56 (p < .001) for interventions that targeted older children (i.e., 

non-ECE studies).  

As depicted in Panel B of Figure 3, two sets of interactions produced statistically 

significant effects: ECE vs. non-ECE interventions and “broad” vs. “narrow” interventions. We 

found that non-ECE interventions produced a higher persistence rate than ECE interventions (p 

= .03), and interventions that narrowly targeted one domain of child development also produced 
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a higher persistence rate than interventions that were broader in focus (p = .05). Notably, ECE 

studies generated a larger constant term, suggesting a higher portion of the follow-up effects for 

ECE studies was unaccounted for by posttest effect sizes. Given the number of exploratory tests 

we ran, none of these interaction terms would withstand a conservative adjustment for multiple 

testing (e.g., a Bonferroni alpha for the interaction terms would be .004 (.05/12 interaction 

tests)).  

Finally, Panel A of Table 4 demonstrates the extent to which intervention features 

explained heterogeneity in follow-up effects and persistence rates. When no predictors were 

included in the meta-regression model, follow-up effects varied substantially across studies (𝜏#"= 

.23 SDs). When posttest impacts were entered as predictors, between-study variation dropped by 

over half (𝜏#" = .11 SDs), and we observed substantial variation in the persistence rate across 

studies (𝜏$" =	.24 SDs). However, when we added the set of intervention features (Column 3), 

and their interactions with posttest (Column 4), we found no reduction of the intercept (𝜏#" = .12 

SDs), and only a minimal reduction of the conditional persistence rate (𝜏$" =	.18 SDs). Finally, 

we adopted a “kitchen sink” approach, also including outcome-related factors (see the 

supplement for a full list). Again, variance estimates did not decrease. Panel B of Table 4 

provides the estimates from the CHE model that additionally estimated within-study variance, 

showing that we observed considerable within-study variation in the intercepts across outcomes, 

in some cases more than the variation estimated at the between-study level. Again, this was 

minimally explained by intervention and outcome features (initial 𝜏 = .04, final 𝜏 = .03).  

Supplemental Analyses 

 1- to 2-year follow-up results are presented in the supplement in Tables S4 and S5. 

Results for the 1- to 2-year follow-up period included far fewer aligned groups (n = 90), making 
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estimates much noisier. Although a few interactions met statistical significance thresholds, they 

did not align with any of the interactions observed for 6 to 12 months. Notably, in contrast to 

what was observed at 6- to 12-months follow-up, ECE interventions actually showed stronger 

persistence than non-ECE interventions (p = .09). The supplemental text details the meta-

analytic averages and persistence produced by the CHE model, suggesting that the overall 

estimates of persistence at 1- to 2- ear follow-up for the full sample were less robust than those 

for 6- to 12-months follow-up (which were highly robust), casting further caution in interpreting 

1- to 2-year results. We additionally tested the robustness of our 6- to 12-month persistence 

estimates using sample size weighting as an alternative method that relies on less computational 

complexity than our standard errors did (see Hart et al., 2024 for details). As reported in Table 

S6, the overall intercept and slope (slope = .46, intercept = .08) were very similar to the estimates 

from our primary model. Using sample-size weighting, we only observed one statistically 

significant difference across intervention characteristics: narrow interventions showed greater 

conditional persistence, as measured by the slope, than broad interventions. 

 The supplement also includes a forest plot of average posttest impacts for each 

intervention (Figure S1) and examinations of the reliability of this literature, including p-curves 

and funnel plots (see Figure S3 and S4). In general, we did not observe substantial evidence of p-

hacking at posttest, 6-12 month follow-up, or 1-2year follow-up. However, as reported in the 

supplemental text, we observed that impacts with larger standard errors were also larger in 

magnitude. Of note, it could be the case that smaller interventions were able to provide higher 

intensity programming that produced larger effect sizes.  

Discussion 
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 Although educational interventions are often implemented with the goal of affecting child 

skills and behaviors beyond the end of the intervention, relatively few rigorous evaluations of 

report follow-up effects (Watts et al., 2019). When effects have been reported, like in the case of 

ECE interventions, many studies have reported substantial fadeout, whereby initial benefits for 

the intervention group diminish in the years following the end of the intervention (Bailey et al., 

2017). Although educational researchers have produced convincing theories describing when 

effects might persist or fade (e.g., Bailey et al., 2020), the field has relatively few systematic 

examinations of educational intervention fadeout. Moreover, despite a proliferation of theories 

regarding what interventions will produce more persistent effects, it remains unclear whether we 

can predict a priori which interventions will persist or fade. In the current study, we used meta-

analytic data to operationalize this issue as a forecasting problem. We posed a simple question: 

could we predict whether two interventions that produced initial effects of the same size would 

persist or fade at different rates based on observable factors of the interventions?  

 Looking broadly across a diverse set of educational interventions, we found that while 

posttest impacts were strong forecasters of follow-up impacts, initial intervention impacts faded 

considerably. Our predictive models suggested that by the 6- to 12-month follow-up, only about 

46% of initial impacts persisted. Although we observed substantial heterogeneity in persistence 

rates, after accounting for posttest effect size, salient intervention features explained very little of 

this heterogeneity. Thus, if a researcher knew an intervention’s posttest effects, having the 

additional information included in our meta-analysis would be unhelpful in further predicting 

follow-up effects.  

 Our results suggest that fadeout, at least in the short-term, is likely to be ubiquitous 

across broad categories of educational interventions. If one were forecasting what the 1-year 
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follow-up effects for a given intervention might be, a reasonable “best” guess would probably 

come by just cutting the post-test effect in half. More formally, you could multiply the effect by 

.46 before .06 (i.e., the intercept term; the “unmeasured mediator” effect). However, some 

important caveats are worth noting. As our descriptive findings suggested, many of the 

interventions that produced smaller initial effects (e.g., interventions targeting older children, 

interventions targeting social-emotional skills) also produced less absolute fadeout (Table 2). 

While interesting, it would be misleading to use these descriptive findings to assert that such 

interventions produce persistent effects. Because posttest and follow-up effect sizes are strongly 

related, accounting for the posttest effect size is crucial when making inferences across different 

types of interventions. Thus, our regression results suggest that once we place, say, interventions 

targeting social-emotional skills and interventions targeting cognitive skills on similar footing by 

controlling for initial posttest magnitude, they produce very similar persistence rates at one year 

follow-up. In other words, our results imply that increasing the posttest effect size for the 

interventions that produced smaller initial effects would likely lead to more fadeout.  

 Our regression results provide some clues as to why we observed that smaller initial 

effects tended to persist more in absolute terms. Note that in our overall meta-regression model, 

we observed a slope of approximately .46 and a constant term of .06. Recall that the constant 

term can be interpreted as the average predicted follow-up effect when posttest effects are zero. 

In other words, this term represents the potential for interventions to affect longer-term outcomes 

through channels that are not captured by posttest impacts on the same outcome. If one were to 

use our regression model to forecast follow-up impacts for medium- to large initial effects (e.g., 

.30 SD), they would find that the constant term has little bearing on the forecasted effect (i.e., the 

slope term dictates fadeout). However, for smaller initial effects (e.g., .15 SD), the constant term 
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will constitute a larger proportion of the forecasted effect (see further explanation in Hart et al., 

2024).  Although it is somewhat unsatisfying that we have not identified meta-analytic 

moderators that account for different persistence rates across interventions, the nonzero intercept 

may be practically useful. One possible interpretation is that, on average, interventions affect 

outcomes through multiple pathways, including measured and unmeasured ones. Influential 

intercept terms indicate that auto-regressive skill-building processes (i.e., “skills beget skills”) 

are unlikely to be the sole mediators of persistent effects. Insofar as the intercept captures 

idiosyncratic study-specific factors and error, persistence by way of the constant term may be 

less likely to replicate when taken to new contexts or when implemented at scale. 

 Why did the intervention features provide such little predictive validity, even when we 

observed substantial heterogeneity in follow-up effects? Maybe our list of intervention features 

was simply not up to the task. Perhaps the field has identified other observable characteristics of 

interventions that would have fared better in our empirical tests. Yet, a simple descriptive look at 

our data suggests we were unlikely to find a way to split the data that would have produced a 

group of interventions producing persistent effects. To gauge the prevalence of intervention 

impacts that did not fade, we counted the number of observed intervention impacts above 0.20 

SDs at posttest that fully persisted by 1-year follow-up.iii Only 19% (i.e., 37/199) of intervention 

effects larger than .20 did not decrease by one year. These intervention impacts are listed in Table 

S7 of the supplement. When reading through the list, it is hard to identify any pattern that might 

explain what links this group of impacts. Moreover, although we may have missed important 

intervention features, any unobserved features correlated with our measured set should also have 

contributed to the decomposition effects shown in Table 4. If, say, ECE interventions differ from 

non-ECE interventions in ways we did not measure, those differences should still be reflected in 
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our decomposition efforts. Indeed, Table S2 suggests that some intervention features correlate 

quite strongly, indicating that these features were not merely picking up unsystematic differences 

between studies. 

Unfortunately, our intervention science may simply lack strong theoretical models that 

can be systematically falsified. In our data, substantial heterogeneity remained, even after 

accounting for the post-test effect size. However, such heterogeneity might be idiosyncratic and 

difficult to reproduce. Although some individual studies have found more persistent effects on 

the basis of differences in participants, treatments, and settings (e.g., Mattera et al., 2025), our 

results suggest that we will need to turn these post-hoc tests into a priori predictions to know if 

such sources of heterogeneity can be used to guide intervention development moving forward. 

Some researchers may be disappointed that we did not examine more specific and sophisticated 

skill-building theories (e.g., perhaps complex interactions between skills and environments 

produce persistent impacts). Although highly complex theories may better capture how 

development unfolds, the field largely lacks the data available to test these theories. At present, 

we lack a rich understanding of the basic developmental processes that our educational 

interventions often target. However, it is worth noting that some moderation analyses were 

significantly underpowered (e.g., only 5% of aligned groups were from studies that added school 

time); future meta-analytic replication work in larger samples will be an important next step. 

 Finally, we should caution that evidence of fadeout is not a reason to “give up” on 

educational interventions. Bailey et al. (2024) describe how short-term fading effects on targeted 

skills could lead to longer-term effects on key adult outcomes, and at least several interventions 

have found follow-up impacts even when no medium-term effects on observed skills were 

detected (e.g., Gray-Lobe et al., 2022). Yet completely dismissing fadeout will not help us move 
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the field forward, nor should we assume that fadeout is a “problem” that only plagues “bad” 

interventions. Instead, our results suggest that most educational interventions should expect to 

observe fadeout at follow-up, making the promise of persistent impacts on targeted skills 

unlikely. Instead of dismissing evidence of fadeout with post hoc explanations, we should use 

our current science of educational interventions to improve our theories of skill building using a 

priori predictions and experimental testing, and we should rethink why educational investments 

might provide longer-term benefits for children by means other than persistent skill impacts.  

Finally, our results also call for epistemic humility; identifying generalizable 

developmental phenomena that can be tested and that can inform intervention science is no easy 

task. That follow-ups are rarely conducted (Watts et al., 2019), and that firm a priori predictions 

are rarely made, makes it even more challenging for the field to progress. If we are to identify 

intervention features that make a difference for intervention impact persistence, following up on 

initial intervention impacts and testing solidified a priori theories will be critical. 
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Endnotes 
i. The annual budget from IES hovered around $800M between 2002 and 2024 (see 

https://usafacts.org/explainers/what-does-the-us-government-do/subagency/institute-
of-education-sciences/). 

ii. We view fadeout as wholly consistent with these broad theoretical claims and 
empirical regularities. Such claims are rarely accompanied by explicit quantitative 
predictions, but attempts to translate these theories into such predictions frequently 
result in models that imply that some fadeout is likely (Bailey et al., 2020; Campbell 
and Frey, 1970). 

iii. Many of the intervention impacts in our dataset were near zero at both posttest and 
follow-up, so we set an arbitrary threshold of 0.20 for determining which posttest 
effects were large enough to warrant examination in this descriptive exercise. Kraft et 
al. (2020) argue that effects bigger than 0.20 should be considered “large” in 
educational research, and we agree. Yet, the discussion about fadeout and persistence 
hinges upon the presence of an effect large enough at posttest that we can reliably 
capture changes to the effect size at follow-up.  Although we agree that many 
worthwhile interventions may produce effects that are much smaller than 0.20, our 
studies are almost never powered to detect small changes near zero.  

 

https://usafacts.org/explainers/what-does-the-us-government-do/subagency/institute-of-education-sciences/
https://usafacts.org/explainers/what-does-the-us-government-do/subagency/institute-of-education-sciences/


META-ANALYSIS OF FADEOUT 32 

Figure 1 
Flow of Reports and Studies into the Meta-Analytic Sample 
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Table 1 
Intervention, Participant, and Outcome Characteristics 
  M / % Min Max Obs % Nonmissing 
Focal Intervention Characteristics     

Baseline Age (months) 94.67 0 170 86 99% 
Treatment Duration (months) 7.40 1 36 71 82% 
Baseline Treatment Year 1998.62 1962 2013 86 99% 
Parent Involvement 21.84 0 100 87 100% 
Time in School 13.95 0 100 86 99% 
Broad Treatment 12.64 0 100 87 100% 
Sample Selection 35.63 0 100 87 100% 
Counterfactual Provided Something 29.63 0 100 81 93% 
Language/Literacy Targeted 52.87 0 100 87 100% 
Social-Emotional Skills Targeted 51.72 0 100 87 100% 
Substance Use Targeted 12.64 0 100 87 100% 
Psychological Wellbeing Targeted 10.34 0 100 87 100% 

Additional Intervention Characteristics     
Aligned Groups n (at posttest) 5.30 1 33 87 100% 
Participant n (at posttest) 722.59 24 10170 87 100% 

Other Intervention Targets      
Teachers Targeted 55.17 0 100 87 100% 
Math Targeted 8.05 0 100 87 100% 
Science Targeted 1.15 0 100 87 100% 
General Cognition Targeted 5.75 0 100 87 100% 
Executive Functioning Targeted 1.15 0 100 87 100% 
Learning Skills Targeted 1.15 0 100 87 100% 

Participant Demographics       
Asian 13.99 2 45 15 17% 
Black 41.34 2 100 42 48% 
White 54.85 2 98 37 43% 
Hispanic 25.29 2 100 29 33% 
Female 47.09 26 100 73 84% 

Intervention Location      
United States 60.92 0 100 87 100% 
Europe 22.99 0 100 87 100% 
Oceania 10.34 0 100 87 100% 
Other 5.75 0 100 87 100% 

Key Outcome Characteristics    
Cognitive 51.19 0 100 461 100% 
Social-emotional 46.42 0 100 461 100% 
Undefined 2.39 0 100 461 100% 

Note: Intervention-level characteristics for all interventions that contained at least one aligned 
group (same construct measured consistently at posttest and follow-up) at any follow-up wave are 
presented. 
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Figure 2 
Fadeout Trajectories for Aligned Groups 
 

+ p < .10, * p < .05, ** p < .01, *** p < .001 
Note: Each line represents a construct that was measured at posttest and at least one follow-up assessment using the 
same measure for the same treatment-control group contrast (i.e., aligned group). The average effect size trajectory 
is displayed in gold with corresponding meta-analytic averages at each assessment wave provided in the yellow-
shaded box. Meta-analytic averages were computed using a random effects meta-analytic model that included a 
random effect for study, weighting by the inverse variances, and robust standard errors (clustered at the study level). 
As detailed in the key, coordinates were weighted by the posttest sample size (larger circles represent estimates from 
larger samples) with aligned color-coding (darker colors represent larger sample sizes). The points on the x-axis are 
spaced according to the average time since posttest for each respective bin (e.g., for 6-12 months follow-up, the 
average time since posttest was 10.27 months). For display purposes, one aligned group with a posttest effect size 
less than -1 is not presented in this figure.  
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Table 2 
Average Effect Sizes at Posttest and 6- to 12-month Follow-up Assessments 

 Moderator = 1 Moderator = 0 
Total Obs. 

(5) 
 

Avg. ES (SE) 
(1) 

% in 
group 

(2) 
Avg. ES (SE) 

(3) 

% in 
group 

(4) 
ECE ECE Non-ECE  
  Posttest 0.42 (0.08)*** 41% 0.21 (0.05)*** 59% 425   6- to 12- month Follow-up 0.24 (0.04)*** 0.19 (0.05)** 
TX Duration Long Short  
  Posttest 0.26 (0.06)*** 52% 0.38 (0.08)*** 48% 341   6- to 12- month Follow-up 0.16 (0.03)*** 0.25 (0.05)*** 
Parent Involvement Parents No Parents  
  Posttest 0.26 (0.10)* 18% 0.31 (0.05)*** 82% 431   6- to 12- month Follow-up 0.13 (0.04)** 0.22 (0.04)*** 
Time in School More Time Curricular  
  Posttest 0.41 (0.16)* 

5% 
0.29 (0.05)*** 95% 431   6- to 12- month Follow-up 0.13 (0.06)+ 0.22 (0.04)*** 

TX year > 2000 > 2000 <= 2000  
  Posttest 0.23 (0.05)*** 50% 0.40 (0.08)*** 50% 431   6- to 12- month Follow-up 0.22 (0.05)*** 0.21 (0.04)*** 
Broad TX Broad Narrow  
  Posttest 0.35 (0.16)+ 9% 0.30 (0.05)*** 91% 431   6- to 12- month Follow-up 0.10 (0.06) 0.23 (0.04)*** 
Sample Selection Selection Criteria No Criteria  
  Posttest 0.50 (0.09)*** 39% 0.21 (0.04)*** 61% 431   6- to 12- month Follow-up 0.30 (0.04)*** 0.16 (0.04)*** 
Counterfactual Something Provided Nothing Provided  
  Posttest 0.26 (0.08)** 27% 0.33 (0.06)*** 73% 408   6- to 12- month Follow-up 0.16 (0.04)** 0.23 (0.04)*** 
Language/Literacy Targeted Not Targeted  
  Posttest 0.43 (0.07)*** 53% 0.19 (0.05)*** 47% 431   6- to 12- month Follow-up 0.25 (0.04)*** 0.18 (0.05)** 
Social-Emotional Skills Targeted Not Targeted  
  Posttest 0.20 (0.05)*** 55% 0.43 (0.07)*** 45% 431   6- to 12- month Follow-up 0.18 (0.05)** 0.25 (0.04)*** 
Substance Use  Targeted Not Targeted  
  Posttest 0.15 (0.06)* 16% 0.33 (0.05)*** 84% 431   6- to 12- month Follow-up 0.16 (0.09) 0.22 (0.04)*** 
Psych Wellbeing  Targeted Not Targeted  
  Posttest 0.12 (0.03)* 13% 0.32 (0.05)*** 87% 431   6- to 12- month Follow-up 0.05 (0.02) 0.23 (0.04)*** 
Full Sample Posttest Effect: 0.31 (0.04)***   431 Full Sample 6- to 12-month Follow-up Effect: 0.21 (0.03)***  
+ p < .10, * p < .05, ** p < .01, *** p < .001 
Note: This table presents the meta-analytic averages of effects measured at the posttest and 6- to 12-month follow-up 
waves from our primary random-effects meta-regression with random slopes and intercepts for study, weights for 
effect precision, and robust standard errors (with study-level clustering). Each unit of observation is one aligned 
group, in which the same construct was assessed with the same measure at posttest and follow-up within the same 
study at 6- to 12-months follow-up specifically.  
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Table 3 
Persistence Rates by Intervention-Related Characteristic at 6- to 12-months Follow-up (Est (SE)) 

 Split Sample Models   Interaction Models 

 
Moderator=1 

(1) 
Moderator=0 

(2)  
p-value  

(3) 
Obs 
(4) 

ECE ECE Non-ECE         
  Constant 0.11 (0.03)** 0.03 (0.02)  0.07 + 425 
  Posttest Effect Size 0.33 (0.07)*** 0.56 (0.07)***  0.03 *  
  Observations 176 249     
TX Duration Long Short         
  Constant 0.03 (0.00)** 0.07 (0.04)  0.94  341 
  Posttest Effect Size 0.47 (0.08)*** 0.51 (0.06)***  0.31   
  Observations 176 165     
Parent Involvement Parents  No Parents         
  Constant 0.03 (0.00)* 0.07 (0.03)*  0.96  431 
  Posttest Effect Size 0.40 (0.10)** 0.48 (0.06)***  0.38   
  Observations 78 353     
Time in School More Time Curricular         
  Constant 0.01 (0.01) 0.07 (0.02)**  0.49  431 
  Posttest Effect Size 0.24 (0.11) 0.48 (0.05)***  0.11   
  Observations 22 409     
TX year > 2000 > 2000 <= 2000         
  Constant 0.08 (0.03)* 0.04 (0.03)  0.39  431 
  Posttest Effect Size 0.48 (0.09)*** 0.44 (0.05)***  0.74   
  Observations 216 215     
Broad TX Broad Narrow         
  Constant 0.05 (0.03) 0.07 (0.02)**  0.77  431 
  Posttest Effect Size 0.15 (0.10) 0.49 (0.05)***  0.05 +  
  Observations 40 391     
Sample Selection Selection Criteria No Criteria         
  Constant 0.10 (0.05)* 0.06 (0.02)*  0.59  431 
  Posttest Effect Size 0.50 (0.08)*** 0.38 (0.07)***  0.19   
  Observations 168 263     
Counterfactual Something Provided Nothing Provided     
  Constant 0.04 (0.03) 0.06 (0.02)**  0.57  408 
  Posttest Effect Size 0.50 (0.02)** 0.45 (0.07)***  0.61   
  Observations 111 297     
Language/Literacy Targeted Not Targeted         
  Constant 0.08 (0.03)* 0.05 (0.03)*  0.57  431 
  Posttest Effect Size 0.42 (0.05)*** 0.45 (0.09)***  0.90   
  Observations 227 204     
Social-Emotional Skills Targeted Not Targeted         
  Constant 0.06 (0.02)* 0.07 (0.04)+  0.99  431 
  Posttest Effect Size 0.38 (0.08)*** 0.50 (0.06)***  0.24   
  Observations 237 194     
Substance Use  Targeted Not Targeted         
  Constant 0.09 (0.06) 0.06 (0.02)**  0.68  431 
  Posttest Effect Size 0.53 (0.19)+ 0.45 (0.05)***  0.77   
  Observations 67 364     
Psych Wellbeing  Targeted Not Targeted         
  Constant 0.00 (0.02) 0.07 (0.02)**  0.14  431 
  Posttest Effect Size 0.41 (0.24) 0.46 (0.05)***  0.83   
  Observations 58 373     
Full Sample Constant: 0.06 (0.02)**     431 Full Sample Posttest Effect Size (Slope): 0.46 (0.05) ***    
+ p < .10, * p < .05, ** p < .01, *** p < .001 



META-ANALYSIS OF FADEOUT 37 

Note: This table presents estimates from our primary random-effects meta-regression with random slopes and 
intercepts for study, inverse variance weights, and robust standard errors (with study-level clustering). Aligned 
groups are the unit of observation. Columns 1 and 2 present estimates from split-sample models, in which the 
persistence rate and constant were estimated using the sample of results for the intervention feature of focus. In 
Columns 3 and 4, estimates of the statistical difference in rates and constants are reported, from model that 
tested the main effect and interaction with posttest impact for each intervention feature.  
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Figure 3 
Persistence Patterns: Posttest to 6- to 12-month Follow-up   

Note: Each coordinate represents an impact on an outcome measured consistently at posttest and 6- to 12-months follow-up. Coordinates were weighted by the 
inverse variances such that larger coordinates reflect estimates with smaller standard errors at 6- to 12-months follow-up. The hypothetical “100% Persistence” 
line was included as a gray dashed line. The other lines reflect the estimated association between posttest and follow-up effects (see Table 3). The figure in Panel 
A (left) shows the slope (i.e.,  persistence rate) and constant term for each set of aligned groups reported for the various intervention types. The estimated slope 
and intercept for all outcomes are presented in green, and the estimates for all of the intervention features are presented in grey. The figure in Panel B (right) 
depicts the associations for broad versus narrow and early versus later childhood interventions, the two intervention features for which conditional persistence 
rates were at least marginally statistically significantly different. For display purposes, one aligned group with a posttest effect size less than -1 is not presented.  
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Table 4      
Variance Decomposition for 6- to 12-month Follow-up Effects 

 

Null 
(1) 

Base 
(2) 

Main Effects 
(3) 

Interactions 
(4) 

“Kitchen 
Sink” 

(5) 

Panel A: Random Effects Models   

Study-level Random Intercept (𝜏!) 0.23 0.11 0.12 0.12 0.13 

Study-level Random Slope (𝜏") -- 0.24 0.26 0.18 0.22 

I2 (%) 60.81 35.14 9.38 0 0 

Panel B: Correlated-and-Hierarchical Model    

Study-level Random Intercept (𝜏#!) 0.20 0.00 0.05 0.05 0.09 

Study-level Random Slope (𝜏#") -- 0.19 0.28 0.23 0.24 

Within-study Random Intercept (𝜏$!) 0.04 0.09 0.03 0.03 0.03 

I2 (%) 72.63 55.79 48.36 38.24 30.37 
Posttest Effect Size   x x x x 
Intervention Features   x x x 
Posttest x Features     x x 
Posttest x All Available Features     x 
Observations 431 431 319 319 319 
Note: The models in this table together evaluate how study-level random intercept and slope variance changed with the 
inclusion of theoretically salient follow-up impact moderators. Random effects meta-regression models with inverse 
variance weights, a study-level random intercept and slope, and robust standard errors were used in both Panels A and 
B. In Panel B, the Correlated-and-Hierarchical Model was additionally used with an assumed correlation of r = .60 
among outcomes from the same study (Pustejovsky & Tipton, 2022). Model 1 presents the null model with no predictors 
(note: random slopes were not estimated as posttest effect size was not yet included in the model). Model 2 presents the 
null model with the addition of posttest effect size as a predictor of follow-up effect size. Model 3 presents estimates 
from a model in which posttest effect size and dummy-variable indicators for intervention characteristics (i.e., those 
included in the primary models) were added to the model. Model 4 presents variance estimates from a model in which 
posttest effect size, intervention-related indicators, and the interaction between posttest effect size and intervention 
indicators were included. Model 5 shows variance estimates from a model that includes all of the parameters as Model 4 
with the addition of indicators for other coded intervention features (reporter type, source meta-analysis, whether 
outcome was cognitive or social-emotional, outcome construct category, and what calculations were required to estimate 
the effect size) and the interaction between these and posttest effect size. Negative I2 values were set to zero.   
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Additional Methodological Details 

Intervention Feature Indicators 

 Three of the intervention feature indicators were originally coded as continuous variables. 
These included measures of age at baseline, intervention year, and intervention duration. We 
dichotomized the measures in the following ways: We categorized interventions as ECE if they 
targeted children at or before age 7 and as non-ECE if they targeted children after age 7. We split 
“older” and more recent interventions at the year 2000 (i.e., programs that targeted children at or 
before 2000 versus programs that targeted children after 2000). Finally, we split the intervention 
duration by the average (7 months). Programs that were intended to last 7 or more months were 
coded as “longer” programs, and those lasting less than 7 months were coded as “shorter 
programs.  

Outcome Details 

 Hart et al., (2024) provides in-depth details on the social-emotional and cognitive 
outcomes that comprised the bulk (98%) of our sample. To include as many aligned groups as 
possible in the present analyses focused on intervention characteristics, we additionally included 
11 aligned groups that we could not clearly categorize as definitively cognitive or social-
emotional using reported information about the measure. We had determined these non-
categorizable outcomes as having been tangential enough to social-emotional or cognitive 
functioning to have coded them (one of our inclusion criteria). These “undefined” constructs 
included: moderate physical victimization, work-related skills (3 occurrences), total social and 
cognitive knowledge, perception of school climate, learning engagement, learning behaviors, 
critical thinking, awareness of victim services, and awareness of perpetrator services.  

Additional Results Details 

Kitchen Sink Model 

 Column 5 of Table 4 reports the results from a “kitchen sink” approach to modeling how 
much intervention- and outcome-related features explained heterogeneity in the persistence of 
initial impacts. In addition to including the intervention-characteristics of focus in this paper, the 
kitchen sink model additionally included fixed effects for various outcome-related measures: 1) 
outcome reporter type (e.g., self-report, direct assessment), 2) which of the original eight meta-
analyses the study was sourced from, 2) whether the outcome was social-emotional, cognitive or 
undefined, and 3) what calculation steps were used to estimate the effect size. The model 
included both the main effect of the intervention and outcome-related variables, as well as the 
interaction between the variables and posttest.  

Correlated-and-Hierarchical Model 

 Table 4 reports the heterogeneity-related statistics from the Correlated-and-Hierarchical 
model (CHE; Pustejovsky & Tipton, 2022). CHE accounts for the non-independence of 
observations from the same study by modeling the within-study variance in effects, and imposing 
the assumption that effects from the same study are correlated at r = .60. Here, we additionally 
reported estimates of the meta-analytic average at posttest and 6- to 12-month follow-up from 
CHE. Additionally, we reported the regression-based estimates from the CHE model for the full 
sample at 6-to 12-month follow-up and 1- to 2-year follow-up. 
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 The CHE model estimated meta-analytic averages at posttest (.26, SE = .03, p < .0001) 
and 6- to 12-month follow-ups (.15, SE = .03, p < .0001) that were smaller than those estimated 
through our primary models at posttest and (.30 and .21, respectively). The 1- to 2-year follow-
up estimate from CHE (.09, SE = .03, p = .03) was slightly larger than that from the primary 
model (.07). At the 6- to 12-month follow-up, the CHE model estimated a slope of .45 (SE = .04, 
p < .0001) and an intercept of .04 (SE = .01, p = .02), in line with the primary estimates. At 1- to 
2-years follow-up, the CHE model produced a smaller slope (.13, SE = .13, p = .33) and intercept 
(.03, SE = .03, p = .28) than our primary model. 

Correlation between Standard Errors and Effect Sizes 

 We ran models to probe the extent to which larger (and less precise) standard errors were 
predictive of larger effect sizes. For these models, we entered standard errors as a predictor of 
effects using our primary model specifications. Standard errors were consistently predictive of 
effects such that less precise standard errors predicted larger effects. Standard errors were 
predictive of effects at posttest (𝛽 = 5.64, p < .001), 6- to 12-months follow-up (𝛽 = 2.05, p < 
.001), and 1- to 2-years follow-up (𝛽 = 1.00, p = .005). 
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Table S1 
Supporting Evidence for Select Claims Regarding Intervention Features that may Moderate Persistence  

Our Summary of Intervention 
Feature Claims Supporting Evidence 

“Lengthier programs could 
potentially provide support over 
key ‘make or break’ 
developmental transition points 
(Herrera et al., 2013).” 

Herrera et al., 2013: “OST programs may be most effective when taking a 
long-term approach. Higher Achievement represents a comprehensive, long-
term investment in children’s lives. Its intensive and rigorous academic 
environment improved scholars’ academic performance—but not until after 
the first year of program involvement. Similarly, the decision to attend a 
competitive high school is not simply made in the eighth grade but rather is a 
culmination of experiences and choices (such as course selection) throughout 
the middle school years (Eccles et al. 2004). Thus, the fact that Higher 
Achievement is able to work with and support youth throughout middle 
school is probably critical to its success. These effects may also compound 
over time, even after program participation ends. Many of the youth in the 
treatment group are now attending academically rigorous high schools better 
prepared than they would have been otherwise. These students (as well as 
those who matriculated to less competitive schools but were likewise better 
prepared academically) may well end up attending better colleges and 
ultimately having higher-paying jobs and careers. They and their parents are 
now familiar with a long set of choices and steps that are similar to those they 
will face in the college application process. Funders and policymakers who 
hope that OST programs can foster substantial changes in youth’s trajectories 
may need to consider longer-term investments—like Higher Achievement—
to produce benefits similar to those seen in this study.” 

“Programs that provide support 
during after-school hours, 
rather than as a substitute for 
school time, may yield benefits 
by providing additional time in 
supportive and instructional 
contexts (Herrera et al., 2013).” 

Herrera et al., 2013: “Higher Achievement may have boosted youth’s test 
scores, at least in part, by simply providing more academic instruction and 
experiences than youth would have had otherwise." 

“Perhaps interventions that 
create a “mosaic” of  supports 
across multiple contexts or 
environments both inside of and 
outside of school (e.g., like the 
home environment vis à vis 
parents) might have deeper and 
longer-lasting effects by 
changing highly influential 
outside-of-school contexts in 
enduring ways (Garcia et al., 
2020; Spoth et al., 2009; Stipek, 
2017b).” 

Garcia et al., 2020: “Still, it is extremely rare for short-term youth programs 
by themselves — even multiyear, intensive programs like Higher 
Achievement — to have long-term impacts. Rather, programs serving young 
people in under-resourced neighborhoods need to help them and their families 
build a mosaic of strong in- and out-of-school experiences with caring adults 
that shift with each child’s interests and developmental needs. Selected 
activities or programs should be challenging, yet engaging, stretching the 
young person in developmentally appropriate ways. It is this type of rich, 
developmentally responsive environment that, over time, supports young 
people to achieve their full potential.” 
 
Spoth et al., 2009: “Many of the risk and protective factors for adolescent 
substance misuse originate in the family environment (Hawkins, Catalano, & 
Miller, 1992; Wood, Read, Mitchell, & Brand, 2004).” 
 
Stipek, 2017b: “In addition to curricular continuity, continuity in parent 
involvement can affect children’s learning. Parents play a significant role in 
the preschool programs that have produced the best-documented sustained 
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effects on children, such as the Abecedarian Project in North Carolina, the 
Perry Preschool Project, and the Child-Parent Centers in Chicago. These 
programs encouraged parents to be involved in their children’s education and 
they gave parents instruction and tools to do so. Most elementary schools 
invest much less in parents. As a result, parent involvement, which is known 
to have considerable impact on children’s learning, is not sustained. Again, an 
important benefit of quality preschool is lost.” 

“Likewise, targeting many 
different skills through multi-
component programs may be 
advantageous when the 
underlying theory of change is 
highly complex or when it is 
unclear what will work and why 
it will work (Herrera et al., 
2013; Klaus & Gray, 1968; 
Spoth et al., 2009).” 

 
Herrera et al., 2013: “Second, while we have been able to identify some 
of the elements of Higher Achievement that likely contributed to youth’s 
gains, we do not know which are necessary and which (if any) could be 
streamlined without diminishing the effectiveness of the program. Future 
research that rigorously examines the mechanisms underlying OST program 
benefits—starting with some of those outlined here—would provide 
important guidance about how to get the greatest return on OST investments.” 
 
Klaus & Gray, 1968: “The intervention program of the Early Training Project 
was based upon the fact that at the time we began, and indeed today, there is 
little clear evidence that, short of a complete change of milieu in infancy, it is 
possible to offset to any practical extent the progressive retardation with 
which we were concerned. We attempted, therefore, to develop an 
intervention "package," consisting of manipulations of those variables which, 
from research on social class, cognitive development, and motivation, seemed 
most likely to be influential in later school performance. At the same time, 
these were to be variables for which we could hope to effect some changes. 
We also tried to construct the package within a framework that could be 
employed on a wide scale, should our intervention program 
be successful." 
 
Spoth et al., 2009: “The developmental model examined herein posits that (a) 
the range of previously demonstrated proximal effects of the tested universal 
interventions (intervention-related effects on parenting, such as parental 
monitoring, along with effects on adolescents’ intention to use, attitudes, or 
skills; e.g., Spoth, Redmond, & Shin, 1998) likely delays substance initiation 
or slows its rate of increase across the adolescent years and decreases the 
average level of initiation (e.g., Spoth et al., 2001, 2004), and (b) those effects 
on substance initiation are the primary means by which long-term effects into 
young adulthood are produced.”  

“Alternatively, perhaps 
targeting the right skill that is 
foundational for subsequent 
developmental cascades may be 
more critical than breadth (e.g., 
targeting specific reading skills; 
Blachman et al., 2014).” 

Blachman et al., 2014: “proficiency in decoding acts as a self-teaching 
mechanism to facilitate retaining words and spellings in memory 
(Cunningham, Perry, Stanovich, & Share, 2002) and contributes to the 
acquisition of sight words (Ehri, 2005).” 

“Narrowly scoped programs 
could also generate more 
replicable and consistent 
patterns of effects (Dynarski et 
al., 2013).” 

Dynarski et al., 2013: “Our analysis identifies the effect of manipulating a 
single policy-relevant educational input on adult educational attainment. By 
contrast, the early-childhood interventions for which researchers have 
identified lifetime effects (e.g., Head Start, Abecedarian) are multipronged, 
including home visits, parental coaching, and vaccinations in addition to time 
in a preschool classroom. We cannot distinguish which dimensions of these 



META-ANALYSIS OF FADEOUT- APPENDIX  6 

treatments generate short-term effects on test scores, and whether they differ 
from the dimensions that generate long-term effects on adult well-being…  
By contrast, the effects we measured for this paper, both short-term and long-
term, can be attributed to a well-defined and replicable intervention: reduced 
class size.” 

“Changing cultural milieus 
could also impact persistence 
patterns (e.g., the legalization 
and decriminalization of 
marijuana in the case of 
adolescent substance-use 
prevention programs; Spoth et 
al., 2022).” 

Spoth et al., 2022: “There were no point-in-time effects on alcohol use or 
drunkenness, unlike what had been demonstrated at younger ages. This could 
be attributed to the typical age-related patterns of alcohol use in the general 
population, given that drinking alcohol is normative among emerging adults 
at the legal drinking age or older. In the case of marijuana use, the 
legalization, decriminalization, and lowered penalties for marijuana use in 
many states during the PROSPER study may have contributed to more 
widespread use by emerging adults in both the intervention and the control 
groups.” 
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Table S2 
Correlations among Intervention Characteristics 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

(1) ECE 1.00            
(2) TX Duration 0.16 1.00           
(3) Targeted parents 0.06 0.14 1.00          
(4) Time in School 0.08 0.12 0.28* 1.00         
(5) TX year > 2000 0.17 0.00 -0.17 -0.20+ 1.00        
(6) Broad TX 0.31** 0.30* 0.44*** 0.49*** -0.07 1.00       
(7) Sample Selection 0.21+ -0.10 -0.21+ -0.16 0.05 -0.14 1.00      
(8) Counterfactual -0.02 0.00 0.27* -0.01 -0.26* -0.20+ -0.15 1.00     

(9) Targeted Language/Literacy 0.56*** 0.07 0.03 -0.03 -0.03 0.20+ 0.64*** 0.16 1.00    
(10) Targeted Social-Emotional Skills -0.48*** 0.03 0.27* 0.17 -0.10 0.22* -0.69*** -0.19+ -0.77*** 1.00   
(11) Targeted Substance Use -0.26* 0.14 0.17 0.03 -0.20+ -0.11 -0.25* 0.02 -0.37** 0.34** 1.00  
(12) Targeted Psych Wellbeing -0.34** 0.01 -0.05 0.16 -0.20+ -0.11 -0.25* -0.04 -0.37** 0.34** 0.58*** 1.00 
+ p < .10, * p < .05, ** p < .01, *** p < .001 
Note: This correlation matrix shows the intervention-level associations among intervention characteristics. 
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Figure S1 

Forest Plot of Average Posttest Impact for Each Intervention 
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Overall

Heterogeneity: τ2 = 0.04, I2 = 73.45%, H2 = 3.77
Test of θi = θj: Q(86) = 280.91, p = 0.00
Test of θ = 0: z = 8.75, p = 0.00
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Note: This forest plot depicts the intervention-average impact for each intervention. The plot was generated in Stata. 
The “overall” meta-analytic estimate, intervention-specific confidence intervals, and weights were computed using 
the default Stata model (random effects, REML). The overall model heterogeneity estimates correspond with the 
default Stata model (not our primary meta-analytic model specifications). The weights indicator provides a sense of 
the relative weighting of estimates, in the context of the default Stata model (not our primary meta-analytic model 
specifications). 
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Table S3    
Average Effect Sizes Across Posttest and Follow-up Assessment Waves for Aligned Outcomes (ES (SE) 

 
Avg. ES 
/wave 

(1) 

Avg. Posttest ES 
for obs. /wave 

(2) 
n 

Panel A: Weighted Average Effect Sizes   
   Posttest 0.30 (0.04)*** 0.30 (0.04)*** 461 
   6 months to 1 year 0.21 (0.03)*** 0.31 (0.04)*** 431 
   > 1 year, up to 2 years 0.07 (0.02)** 0.25 (0.06)*** 90 
   > 2 years, up to 3 years 0.08 (0.05) 0.26 (0.09)* 33 
   > 3 years, up to 4 years 0.10 (0.05)+ 0.35 (0.10)** 30 
   > 4 years 0.14 (0.08) 0.49 (0.08)** 13 
Panel B: Unweighted Average Effect Sizes 
   Posttest 0.29 (0.04)*** 0.29 (0.04)*** 461 
   6 months to 1 year 0.21 (0.04)*** 0.29 (0.04)*** 431 
   > 1 year, up to 2 years 0.10 (0.04)* 0.20 (0.07)* 90 
   > 2 years, up to 3 years 0.14 (0.05)* 0.28 (0.15) 33 
   > 3 years, up to 4 years 0.16 (0.03)* 0.39 (0.15)+ 30 
   > 4 years 0.22 (0.05)* 0.51 (0.11)* 13 
Panel C: Sample Size Weighting   
   Posttest 0.33 (0.04)*** 0.33 (0.04)*** 461 
   6 months to 1 year 0.25 (0.04)*** 0.34 (0.05)*** 431 
   > 1 year, up to 2 years 0.16 (0.06)* 0.26 (0.06)*** 90 
   > 2 years, up to 3 years 0.15 (0.07)+ 0.26 (0.09)* 33 
   > 3 years, up to 4 years 0.11 (0.04)* 0.36 (0.10)** 30 
   > 4 years 0.17 (0.07)+ 0.50 (0.07)*** 13 
+ p < .10, * p < .05, ** p < .01, *** p < .001 
Note: “ES” = Effect size. Effect sizes are presented in standard deviation units. The analytic sample was constituted by “aligned 
groupings” which included a posttest and at least one follow-up effect size for the same construct measured using the same 
measure, subscales, and reporter within a treatment-control contrast. In Panel A, effects were estimated using a random effects 
meta-analytic model that included a random effect for study, weights, and robust standard errors (clustered at the study level). 
In Panel B, average effect sizes were estimated using a fixed effects meta-analytic model with robust standard errors (clustered 
at the study level), but no random effect for study and no weighting. In Panel C, effects were estimated using the same random 
effects approach as in Panel A, but with weighting by the total sample size at the concurrent assessment wave. In Column 1, 
average effect sizes are presented for the posttest assessment wave and all follow-up assessment waves. To evaluate the 
possibility of selection into longer-run follow-up assessments, Column 2 presents average posttest effects for the outcomes 
collected at each follow-up wave.  
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Figure S2 
Fadeout Trajectories for Aligned Groups (by Intervention Group) 

Note: Each line represents the average effect size trajectory of outcomes that were measured at posttest and at least 
follow-up using the same measure for a single intervention. The average effect size trajectory (calculated on the 
underlying sample of aligned groups) is displayed in gold. Meta-analytic averages were computed using a random 
effects meta-analytic model that included a random effect for study, weighting by the inverse variances, and robust 
standard errors (clustered at the study level). As detailed in the key, coordinates were weighted by the posttest 
sample size (larger circles represent estimates from larger samples) with aligned color-coding (darker colors 
represent larger sample sizes).  
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Table S4 
Average Effect Sizes at Posttest and 1- to 2-year Follow-up Assessments 

 Moderator = 1 Moderator = 0 
Total Obs. 

(5) 
 

Avg. ES (SE) 
(1) 

% in 
group 

(2) 
Avg. ES (SE) 

(3) 

% in 
group 

(4) 
ECE ECE Non-ECE  
  Posttest 0.41 (0.09)*** 45% 0.08 (0.05) 55% 84   1- to 2- year Follow-up 0.14 (0.05)* 0.04 (0.03) 
TX Duration Long Short  
  Posttest 0.31 (0.12)* 52% 0.21 (0.07)* 48% 75   1- to 2- year Follow-up 0.11 (0.04)* 0.05 (0.03) 
Parent Involvement Parents No Parents  
  Posttest 0.26 (0.10)* 54% 0.23 (0.08)** 46% 90   1- to 2- year Follow-up 0.15 (0.05)* 0.02 (0.02) 
Time in School More Time Curricular  
  Posttest 0.36 (0.13)* 27% 0.19 (0.06)** 73% 90   1- to 2- year Follow-up 0.17 (0.07)+ 0.05 (0.02)* 
TX year > 2000 > 2000 <= 2000  
  Posttest 0.20 (0.06)** 66% 0.30 (0.12)* 34% 90   1- to 2- year Follow-up 0.04 (0.01)* 0.19 (0.09)+ 
Broad TX Broad Narrow  
  Posttest 0.37 (0.13)* 31% 0.18 (0.06)* 69% 90   1- to 2- year Follow-up 0.16 (0.07)+ 0.05 (0.02)+ 
Sample Selection Selection Criteria No Criteria  
  Posttest 0.51 (0.13)** 22% 0.14 (0.05)* 78% 90   1- to 2- year Follow-up 0.21 (0.08)* 0.04 (0.01)* 
Counterfactual Something Provided Nothing Provided  
  Posttest 0.08 (0.07) 29% 0.30 (0.08)** 71% 85   1- to 2- year Follow-up 0.03 (0.02) 0.09 (0.03)** 
Language/Literacy Targeted Not Targeted  
  Posttest 0.45 (0.12)** 34% 0.15 (0.06)* 66% 90   1- to 2- year Follow-up 0.18 (0.06)* 0.04 (0.02) 
Social-Emotional Skills Targeted Not Targeted  
  Posttest 0.18 (0.07)* 87% 0.41 (0.10)** 13% 90   1- to 2- year Follow-up 0.07 (0.02)* 0.21 (0.11) 
Substance Use  Targeted Not Targeted  
  Posttest 0.02 (0.13) 16% 0.27 (0.06)*** 84% 90   1- to 2- year Follow-up 0.11 (0.01)* 0.08 (0.03)* 
Psych Wellbeing  Targeted Not Targeted  
  Posttest 0.16 (0.09) 3% 0.25 (0.06)*** 97% 90   1- to 2- year Follow-up 0.06 (0.05) 0.08 (0.02)** 
Full Sample Posttest: 0.25 (0.06)***   90 Full Sample 1- to 2-year Follow-up: 0.07 (0.02)**   
+ p < .10, * p < .05, ** p < .01, *** p < .001 
Note: This table presents the meta-analytic averages of effects at posttest and 6- to 12-month follow-up waves from 
our primary random-effects meta-regression with random slopes and intercepts for study, weights for effect precision, 
and robust standard errors (with study-level clustering). Each unit of observation is one aligned group, in which the 
same construct was assessed with the same measure at posttest and follow-up within the same study at 1- to 2-years 
follow-up specifically. 
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Table S5 
Persistence Rates by Intervention-Related Characteristic at 1- to 2-year Follow-up (Est. (SE)) 

 Split Sample Models   Full Interaction Models 

 
Moderator=1 

(1) 
Moderator=0 

(2)  
p-value  

(3) 
Total Obs 

(4) 
ECE ECE Non-ECE         
  Constant -0.01 (0.03) 0.07 (0.04)  0.09 + 84 
  Posttest Effect Size 0.32 (0.13)* -0.03 (0.27)  0.18   
  Observations 38 46     
TX Duration Long Short         
  Constant 0.05 (0.01)+ 0.02 (0.05)  0.65  75 
  Posttest Effect Size 0.06 (0.10) 0.27 (0.27)  0.43   
  Observations 39 36     
Parent Involvement Parents  No Parents         
  Constant 0.05 (0.01)* 0.00 (0.03)  0.46  90 
  Posttest Effect Size 0.26 (0.12)+ 0.14 (0.17)  0.42   
  Observations 49 41     
Time in School More Time Curricular         
  Constant 0.08 (0.02)+ 0.03 (0.03)  0.87  90 
  Posttest Effect Size 0.13 (0.12) 0.17 (0.16)  0.99   
  Observations 24 66     
TX year > 2000 > 2000 <= 2000         
  Constant 0.02 (0.02) 0.17 (0.08)  0.20  90 
  Posttest Effect Size 0.16 (0.12) -0.09 (0.30)  0.61   
  Observations 59 31     
Broad TX Broad Narrow         
  Constant 0.04 (0.00)+ 0.03 (0.03)  0.71  90 
  Posttest Effect Size 0.16 (0.14) 0.15 (0.16)  0.86   
  Observations 28 62     
Sample Selection Selection Criteria No Criteria         
  Constant -0.07 (0.04) 0.05 (0.01)*  0.09 + 90 
  Posttest Effect Size 0.52 (0.10)+ -0.06 (0.12)  0.01 **  
  Observations 20 70     
Counterfactual Something Provided Nothing Provided     
  Constant 0.01 (0.03) 0.02 (0.02)  0.97  85 
  Posttest Effect Size 0.19 (0.13) 0.22 (0.12)  0.90   
  Observations 25 60     
Language/Literacy Targeted Not Targeted         
  Constant 0.02 (0.01) 0.05 (0.03)  0.17  90 
  Posttest Effect Size 0.33 (0.14)+ -0.02 (0.16)  0.10   
  Observations 31 59     
Social-Emotional Skills Targeted Not Targeted         
  Constant 0.04 (0.01)* -0.01 (0.21)  0.13  90 
  Posttest Effect Size 0.07 (0.14) 0.50 (0.27)  0.08 +  
  Observations 78 12     
Substance Use  Targeted Not Targeted         
  Constant 0.11 (0.02)+ 0.02 (0.02)  0.21  90 
  Posttest Effect Size -0.09 (0.18) 0.19 (0.12)  0.63   
  Observations 14 76     
Psych Wellbeing  Targeted Not Targeted         
  Constant 0.15 (0.03) 0.02 (0.01)  0.15  90 
  Posttest Effect Size -0.52 (0.11) 0.18 (0.12)  0.14   
  Observations 3 87     
Full Sample Constant: 0.02 (0.01)    90 Full Sample Posttest Effect Size: 0.17 (0.11)    
+ p < .10, * p < .05, ** p < .01, *** p < .001 
Note: This table presents estimates from our primary random-effects meta-regression with random slopes and intercepts for study, 
inverse variance weights, and robust standard errors (with study-level clustering). Aligned groups are the unit of observation.  
Columns 1 and 2 present estimates from split-sample models, in which the persistence rate and constant were estimated using the 
sample of results for the intervention feature of focus. In Columns 3 and 4, estimates of the statistical difference in rates and 
constants are reported, from model that tested the main effect and interaction with posttest impact for each intervention feature.  
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Table S6 
Sensitivity Check: Persistence Rates by Intervention-Related Characteristic at 6- to 12-months Follow-up using 
Sample Size Weighting (Est (SE)) 

 Split Sample Models   Interaction Models 

 
Moderator=1 

(1) 
Moderator=0 

(2)  
p-value  

(3) 
Obs 
(4) 

ECE ECE Non-ECE         
  Constant 0.10 (0.04)** 0.07 (0.05)  0.69  425 
  Posttest Effect Size 0.37 (0.08)*** 0.53 (0.08)***  0.19   
  Observations 176 249     
TX Duration Long Short         
  Constant 0.08 (0.04)* 0.06 (0.05)  0.75  341 
  Posttest Effect Size 0.41 (0.09)*** 0.56 (0.09)***  0.28   
  Observations 176 165     
Parent Involvement Parents  No Parents         
  Constant 0.11 (0.06)+ 0.06 (0.03)+  0.19  431 
  Posttest Effect Size 0.20 (0.16) 0.53 (0.06)***  0.10   
  Observations 78 353     
Time in School More Time Curricular         
  Constant 0.05 (0.01)* 0.09 (0.03)**  0.38  431 
  Posttest Effect Size 0.21 (0.08)+ 0.48 (0.06)***  0.16   
  Observations 22 409     
TX year > 2000 > 2000 <= 2000         
  Constant 0.10 (0.04)** 0.05 (0.05)  0.37  431 
  Posttest Effect Size 0.48 (0.08)*** 0.44 (0.08)***  0.62   
  Observations 216 215     
Broad TX Broad Narrow         
  Constant 0.06 (0.05) 0.08 (0.03)*  0.84  431 
  Posttest Effect Size 0.01 (0.11) 0.51 (0.06)***  0.02 *  
  Observations 40 391     
Sample Selection Selection Criteria No Criteria         
  Constant 0.09 (0.05)+ 0.07 (0.04)+  0.75  431 
  Posttest Effect Size 0.58 (0.10)*** 0.39 (0.07)***  0.13   
  Observations 168 263     
Counterfactual Something Provided Nothing Provided     
  Constant 0.08 (0.06) 0.09 (0.03)*  0.89  408 
  Posttest Effect Size 0.52 (0.08)*** 0.44 (0.07)***  0.71   
  Observations 111 297     
Language/Literacy Targeted Not Targeted         
  Constant 0.07 (0.04)+ 0.09 (0.05)+  0.86  431 
  Posttest Effect Size 0.46 (0.08)*** 0.46 (0.08)***  0.98   
  Observations 227 204     
Social-Emotional Skills Targeted Not Targeted         
  Constant 0.09 (0.04)* 0.05 (0.04)  0.53  431 
  Posttest Effect Size 0.37 (0.08)*** 0.58 (0.08)***  0.08 +  
  Observations 237 194     
Substance Use  Targeted Not Targeted         
  Constant 0.09 (0.07) 0.08 (0.03)*  0.93  431 
  Posttest Effect Size 0.52 (0.19)* 0.45 (0.06)***  0.72   
  Observations 67 364     
Psych Wellbeing  Targeted Not Targeted         
  Constant 0.00 (0.02) 0.09 (0.03)**  0.23  431 
  Posttest Effect Size 0.38 (0.22) 0.45 (0.06)***  0.85   
  Observations 58 373     
Full Sample Constant: 0.08 (0.03)**     431 Full Sample Posttest Effect Size: 0.46 (0.06)***    
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+ p < .10, * p < .05, ** p < .01, *** p < .001 
Note: This table presents estimates from a sensitivity check in which we used our primary random-effects meta-
regression with random slopes and intercepts for study, robust standard errors (with study-level clustering), and 
sample size weighting instead of inverse variance weighting. Aligned groups are the unit of observation. 
Columns 1 and 2 present estimates from split-sample models, in which the persistence rate and constant were 
estimated using the sample of results for the intervention feature of focus. In Columns 3 and 4, estimates of the 
statistical difference in rates and constants are reported, from model that tested the main effect and interaction 
with posttest impact for each intervention feature.  
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Figure S3 
Funnel Plots 

Note: Each coordinate reflects an effect from aligned groups at the respective assessment wave (posttest, 
6- to 12-month follow-up, 1- to 2-years follow-up).  
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Figure S4 
P-curves at Posttest, 6- to 12-month follow-up, and 1- to 2-year follow-up 

 

 
 
Note: We generated these p-curve models using all effects from aligned groups at the respective 
assessment wave (posttest, 6- to 12-month follow-up, 1- to 2-years follow-up). The models were created 
on p-curve.com (Simonsohn, Nelson, & Simmons, 2015). 
  

Posttest p-values 6- to 12-month p-values 

1- to 2-year p-values 
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Table S7 
Details on the Outcomes that Showed 100% or More Absolute Persistence at the 6- to 12-month Follow-up Assessment  

Intervention 
Name 

Construct 
Category 

Specific 
Construct Measure 

Follow-
up 

(months) 

Posttest 
ES 

Follow-
up ES 

ECE 
(=1) 

Long 
Duration 

(=1) 

Parent 
(=1) 

More 
Time in 
School 

(=1) 

TX year 
> 2000 

(=1) 

Broad 
TX 
(=1) 

Selection 
Criteria 

(=1) 

Active 
Control 

(=1) 

Lang./Lit. 
(=1) 

Soc.-
emo. 
(=1) 

Subs. 
(=1) 

Psych. 
Well. 
(=1) 

Posttest 
Sample 

Size 

Positive Thinking 
Program internalizing 

proportion with 
depressive 
diagnosis 

diagnostic 
interview 9 1.21 1.34 0 0 0 0 0 0 0  0 1 0 0 120 

Emotional 
Intelligence 

Training Program 
internalizing depression 

behavior 
assessment 
system for 

children and 
adolescents 

6 0.32 0.33 0 1 0 0 1 0 0 0 0 1 0 0 479 

Emotional 
Intelligence 

Training Program 
internalizing sense of 

incapacity 

behavior 
assessment 
system for 

children and 
adolescents 

6 0.26 0.35 0 1 0 0 1 0 0 0 0 1 0 0 479 

Emotional 
Intelligence 

Training Program 

social-
emotional social stress 

behavior 
assessment 
system for 

children and 
adolescents 

6 0.27 0.38 0 1 0 0 1 0 0 0 0 1 0 0 479 

Think Smart social-
emotional 

assertiveness 
skills 

study-created 
measure 6 0.32 0.74 1 0 0 0 1 0 0  0 1 1 0 401 

Think Smart substance 
use hlp use study-created 

measure 6 0.30 1.12 1 0 0 0 1 0 0  0 1 1 0 401 

Think Smart substance 
use inhalant use study-created 

measure 6 0.72 1.27 1 0 0 0 1 0 0  0 1 1 0 401 

Think Smart substance 
use otc use study-created 

measure 6 0.25 0.95 1 0 0 0 1 0 0  0 1 1 0 401 

Living Letters 
#2~ Oral 

Language Group 

language 
and literacy 

reading 
comprehension wechsler 11 0.35 0.65 0  0 0 1 0 1 0 1 0 0 0 75 

Living Letters 
#2~ Text 

Comprehension 
Group 

language 
and literacy 

reading 
comprehension wechsler 11 0.38 0.39 0 0 0 0 1 0 1 0 1 0 0 0 77 

Computer-
Assisted 
Learning 
Program 

language 
and literacy 

word 
recognition time2 9 0.80 1.15 1 0 0 0 1 0 1  1 0 0 0 28 

Omega-
Interactive 
Sentences, 

Computerized 
Phonological 

Training~ 
Combined 

Phonological and 

language 
and literacy 

non-word 
reading 

study-created 
measure 9 0.34 0.82 1 0 0 0 1 0 1 0 1 0 0 0 50 
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Table S7 
Details on the Outcomes that Showed 100% or More Absolute Persistence at the 6- to 12-month Follow-up Assessment  

Intervention 
Name 

Construct 
Category 

Specific 
Construct Measure 

Follow-
up 

(months) 

Posttest 
ES 

Follow-
up ES 

ECE 
(=1) 

Long 
Duration 

(=1) 

Parent 
(=1) 

More 
Time in 
School 

(=1) 

TX year 
> 2000 

(=1) 

Broad 
TX 
(=1) 

Selection 
Criteria 

(=1) 

Active 
Control 

(=1) 

Lang./Lit. 
(=1) 

Soc.-
emo. 
(=1) 

Subs. 
(=1) 

Psych. 
Well. 
(=1) 

Posttest 
Sample 

Size 

Comprehension 
Training Group 

Omega-
Interactive 
Sentences, 

Computerized 
Phonological 

Training~ 
Combined 

Phonological and 
Comprehension 
Training Group 

language 
and literacy 

word 
recognition 

word-chains 
test 9 0.28 1.31 1 0 0 0 1 0 1 0 1 0 0 0 50 

Omega-
Interactive 
Sentences, 

Computerized 
Phonological 

Training~ 
Phonological 

Training Group 

language 
and literacy 

word 
recognition 

word-chains 
test 9 0.31 0.99 1 0 0 0 1 0 1 0 1 0 0 0 50 

Computer-
Assisted Reading 
Intervention for 
Children at Risk 

of Dyslexia~ 
Read, Write, and 

Type Group 

language 
and literacy 

rapid letter 
naming 

comprehensive 
test of 

phonological 
processing 

12 0.33 0.67 1 1 0 0 0 0 1 0 1 0 0 0 73 

Computer-
Assisted Reading 
Intervention for 
Children at Risk 

of Dyslexia~ 
Read, Write, and 

Type Group 

language 
and literacy word efficiency 

test of word 
reading 

efficiency 
12 0.22 0.28 1 1 0 0 0 0 1 0 1 0 0 0 73 

Multi-Component 
Reading 

Remediation~ 
Phonological 
Analysis and 

Blending/Direct 
Instruction and 

Retrieval, 
Automaticity, 
Vocabulary, 

Engagement with 
Language, and 
Orthography 

Group 

language 
and literacy 

passage 
comprehension 

woodcock 
reading 

mastery test 
12 0.23 0.28 0 1 0 0 0 0 1  1 0 0 0 127 

Multi-Component 
Reading 

Remediation~ 
Phonological 
Analysis and 

Blending/Direct 
Instruction and 

Retrieval, 
Automaticity, 
Vocabulary, 

Engagement with 

language 
and literacy reading 

wide-range 
achievement 

test 
12 0.45 0.56 0 1 0 0 0 0 1  1 0 0 0 127 
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Table S7 
Details on the Outcomes that Showed 100% or More Absolute Persistence at the 6- to 12-month Follow-up Assessment  

Intervention 
Name 

Construct 
Category 

Specific 
Construct Measure 

Follow-
up 

(months) 

Posttest 
ES 

Follow-
up ES 

ECE 
(=1) 

Long 
Duration 

(=1) 

Parent 
(=1) 

More 
Time in 
School 

(=1) 

TX year 
> 2000 

(=1) 

Broad 
TX 
(=1) 

Selection 
Criteria 

(=1) 

Active 
Control 

(=1) 

Lang./Lit. 
(=1) 

Soc.-
emo. 
(=1) 

Subs. 
(=1) 

Psych. 
Well. 
(=1) 

Posttest 
Sample 

Size 

Language, and 
Orthography 

Group 

Multi-Component 
Reading 

Remediation~ 
Phonological 
Analysis and 

Blending/Direct 
Instruction and 

Retrieval, 
Automaticity, 
Vocabulary, 

Engagement with 
Language, and 
Orthography 

Group 

language 
and literacy word attack 

woodcock 
reading 

mastery test 
12 0.55 0.56 0 1 0 0 0 0 1  1 0 0 0 127 

Multi-Component 
Reading 

Remediation~ 
Phonological 
Analysis and 

Blending/Direct 
Instruction and 

Retrieval, 
Automaticity, 
Vocabulary, 

Engagement with 
Language, and 
Orthography 

Group 

language 
and literacy 

word 
identification 

woodcock 
reading 

mastery test 
12 0.29 0.42 0 1 0 0 0 0 1  1 0 0 0 127 

Multi-Component 
Reading 

Remediation~ 
Phonological 
Analysis and 

Blending/Direct 
Instruction and 

Word 
Identification 

Strategy Training 
Group 

language 
and literacy 

word 
identification 

woodcock 
reading 

mastery test 
12 0.25 0.36 0 1 0 0 0 0 1  1 0 0 0 129 

Multi-Component 
Reading 

Remediation~ 
Phonological 
Analysis and 

Blending/Direct 
Instruction and 

Retrieval, 
Automaticity, 
Vocabulary, 

Engagement with 
Language, and 
Orthography 

Group 

language 
and literacy 

word reading 
efficiency real 

words 

test of word 
reading 

efficiency 
12 0.26 0.44 0 1 0 0 0 0 1  1 0 0 0 127 
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Table S7 
Details on the Outcomes that Showed 100% or More Absolute Persistence at the 6- to 12-month Follow-up Assessment  

Intervention 
Name 

Construct 
Category 

Specific 
Construct Measure 

Follow-
up 

(months) 

Posttest 
ES 

Follow-
up ES 

ECE 
(=1) 

Long 
Duration 

(=1) 

Parent 
(=1) 

More 
Time in 
School 

(=1) 

TX year 
> 2000 

(=1) 

Broad 
TX 
(=1) 

Selection 
Criteria 

(=1) 

Active 
Control 

(=1) 

Lang./Lit. 
(=1) 

Soc.-
emo. 
(=1) 

Subs. 
(=1) 

Psych. 
Well. 
(=1) 

Posttest 
Sample 

Size 

Cogmed Working 
Memory Training cognitive 

visuospatial 
short term 
memory 

automated 
working 
memory 

assessment 

6 0.37 0.53 1 0 0 0 1 0 1 0 0 0 0 0 414 

Head Start 
Research-Based, 

Developmentally-
Informed 
Program 

social-
emotional 

social 
competence 

social 
competence 

scale 
11.75 0.21 0.30 1  1 0 1 1 0 0 1 1 0 0 343 

English Reading 
Intervention for 

English 
Language 

Learners~ Study 
1 & 4 

language 
and literacy 

passage 
comprehension- 

spanish 

woodcock 
language 

proficiency 
battery 

12 0.23 0.28 1 1 0 0 1 0 1 0 1 0 0 0 95.5 

English Reading 
Intervention for 

English 
Language 

Learners~ Study 
1 & 4 

language 
and literacy 

reading 
fluency- 
english 

dynamic 
indicators of 
basic early 

literacy skills 

12 0.31 0.36 1 1 0 0 1 0 1 0 1 0 0 0 93.5 

Spanish Reading 
Intervention for 

English 
Language 

Learners~ Study 
2 & 3 

language 
and literacy 

passage 
comprehension- 

spanish 

woodcock 
language 

proficiency 
battery 

12 0.45 0.49 1 1 0 0 1 0 1 0 1 0 0 0 102.5 

Computer-
Assisted 
Remedial 
Reading 

Intervention 

language 
and literacy reading fluency 

lukilasse 
graded fluency 

test 
12 0.86 1.02 0 0 0 0 1 0 1 0 1 0 0 0 50 

Reading 
Remediation 

language 
and literacy 

word reading 
efficiency 

test of word 
reading 

efficiency 
9 0.69 0.71 0 1 0 0 0 0 1 0 1 0 0 0 69 

Life Skills 
Training in 

Minority Youth 

substance 
use binge drinking study-created 

measure 12 0.50 0.50 0 1 0 0 0 0 0 0 0 1 1 1 2982 

Universal 
School-based 
Mental Health 
Intervention~ 
Teacher-Led 

Group 

internalizing anxiety 
spence 

children’s 
anxiety scale 

6 0.63 0.80 0  0 0 1 0 0 0 0 1 0 0 176 

Universal 
School-based 
Mental Health 
Intervention~ 

Psychologist-Led 
Group 

social-
emotional 

problem 
solving 

coping 
strategy 
indicator 

6 2.48 3.05 0  0 0 1 0 0 0 0 1 0 0 200 

Universal 
School-based 
Mental Health 
Intervention~ 

Psychologist-Led 
Group 

social-
emotional 

seeking social 
support 

coping 
strategy 
indicator 

6 0.56 1.90 0  0 0 1 0 0 0 0 1 0 0 200 
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Table S7 
Details on the Outcomes that Showed 100% or More Absolute Persistence at the 6- to 12-month Follow-up Assessment  

Intervention 
Name 

Construct 
Category 

Specific 
Construct Measure 

Follow-
up 

(months) 

Posttest 
ES 

Follow-
up ES 

ECE 
(=1) 

Long 
Duration 

(=1) 

Parent 
(=1) 

More 
Time in 
School 

(=1) 

TX year 
> 2000 

(=1) 

Broad 
TX 
(=1) 

Selection 
Criteria 

(=1) 

Active 
Control 

(=1) 

Lang./Lit. 
(=1) 

Soc.-
emo. 
(=1) 

Subs. 
(=1) 

Psych. 
Well. 
(=1) 

Posttest 
Sample 

Size 

Peer-Led Life 
Skills Training~ 

Life Skills 
Training 

Implemented by 
Older Students 

Group 

substance 
use 

tobacco 
knowledge 

study-created 
measure 12 0.27 0.34 0  0 0 0 0 0 0 0 1 1 1 711 

Peer-Led Life 
Skills Training~ 

Life Skills 
Training 

Implemented by 
Teachers Group 

substance 
use 

tobacco 
knowledge 

study-created 
measure 12 0.27 0.29 0  0 0 0 0 0 0 0 1 1 1 711 

Conflict-
Resolution 

Training Program 

social-
emotional 

overall conflict 
resolution- 
"queuing" 
conflict 

the conflict 
scenario 
written 

measure 

6 0.84 0.91 0 0 0 0 0 0 0 0 0 1 0 0 54 

Conflict-
Resolution 

Training Program 

social-
emotional 

overall conflict 
resolution- 

"taking turns" 
conflict 

the conflict 
scenario 
written 

measure 

6 0.73 0.96 0 0 0 0 0 0 0 0 0 1 0 0 54 
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Sarama, J., Lange, A. A., Clements, D. H., & Wolfe, C. B. (2012). The impacts of an early 

mathematics curriculum on oral language and literacy. Early Childhood Research 
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47-63. https://doi.org/10.1016/0306-4603(90)90006-J 

Culturally-Focused Substance Use Prevention 
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