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Abstract

Executive functions are a set of cognitive skills and processes used when directing behaviour
towards the attainment of a certain goal. A large literature has documented positive associations
between executive functions and a variety of desirable outcomes throughout life, including
academic achievement. However, training executive functions appears to have limited effects
on academic achievement, and the nature of this association remains unclear. We use a
systematic review and meta-analysis to examine if preschool and school-based interventions
training language, literacy, and/or mathematical skills improve children’s and adolescents’
executive functions. We include 51 studies in the data synthesis (47 are randomised controlled
trials). Using inverse-variance weighted random-effects models, we find a statistically
significant weighted average effect size on pre-validated measures of executive functions (0.14,
95% CI=1[0.07, 0.22]). The effect is robustly positive in all sensitivity analyses, including tests
of publication bias. We also find substantial heterogeneity, which persists in moderator
analyses. This means we cannot identify specific types of interventions that are more effective
than others in improving executive functions. Our results support theories that emphasise the
unidirectional effects from academic skills to executive functions or a bidirectional relation.
Further research is needed to identify the mechanisms through which academic skills training
affect executive functions.
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Introduction

Executive functions (EF) are a set of cognitive skills and processes used when
directing behaviour towards the attainment of a certain goal (Miyake et al., 2000; Zelazo,
2015). EF is a term referring to multiple advanced cognitive skills and processes, but three
core executive functions generally include inhibitory control, working memory, and cognitive
flexibility (e.g., Diamond, 2013). Inhibitory control is the control of one’s attention,
behaviour, impulses, thoughts, and emotions (ibid.). Working memory is the processes
involved in the control, regulation, and active maintenance of task-relevant information in the
service of complex cognition (Castles et al., 2018). Cognitive flexibility is the ability to
change perspective and adjust in the face of changed circumstances (Diamond, 2013;
McClelland & Cameron, 2012). It builds on inhibitory control and working memory, and
develops later in life than the other two skills (Diamond, 2013; Silva et al., 2022). Thus, there
is overlap between EF skills as well as between measures used in their assessment (Miyake et
al., 2000). Furthermore, closely related concepts like self-regulation, self-control, emotional
control, problem-solving and planning involve the application of all three core EF skills
(Allan et al., 2014; Diamond & Ling, 2016; McClelland & Cameron, 2012, 2019; Hernandez
etal., 2018).

Numerous studies have found positive associations between executive functions and a
variety of desirable outcomes throughout life (see Diamond, 2013, for an overview). A large
number of reviews have found a substantial association between children’s EF and their
academic achievements (Blair & Razza, 2007; Emslander & Scherer, 2022; Follmer, 2018;
Jacob & Parkinson, 2015; Peng et al., 2016; Peng et al., 2018; Peng & Kievit, 2020). In
addition to academic achievement, there are positive associations with, for example, career
success (Prince et al., 2007), marriage satisfaction (Eakin et al., 2004), and physical and
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the negative associations with neurodevelopmental disorders, such as attention-
deficit/hyperactivity disorder (ADHD; Nigg et al., 2020), autism spectrum disorder (Zelazo &
Carlson, 2020), and learning disabilities (Peng & Swanson, 2022). Therefore, researchers and
practitioners across fields have taken an interest in the nature of these associations, and
ultimately, how EF might be trained and what the effect of such training might be.

A large number of research interventions as well as commercial products build on the
premise that when measures of EF predict desirable outcomes, then training EF skills should
improve such outcomes (Simons et al., 2016). However, the assumption of a causal effect
from training EF skills to other skills lacks broad-based empirical support. EF training
typically improves performance on the trained tasks but the evidence is not compelling that
such training substantially improves performance on more distantly related tasks like
academic achievement or general cognitive performance (for reviews supporting this
statement, see e.g., Cortese et al., 2015; Jacob & Parkinson, 2015; Katz et al., 2018; Melby-
Lervdg & Hulme, 2013; Melby-Lervag et al., 2016; Rapport et al., 2013; Redick et al., 2015;
Sala & Gobet, 2017; Schwaighofer et al., 2015; Shipstead et al., 2012; Simons et al., 2016).
In a recent meta-analysis, Kassai et al. (2019) failed to find robust, statistically significant
evidence that training one component of EF influences other EF skills. This evidence does
not necessarily mean that there are never any transfer effects of EF training. Most meta-
analyses indicate small, positive and statistically insignificant effects and there are examples
of successful EF training interventions (see e.g., Berger et al., 2025; Schunk et al., 2022 for
recent large-scale interventions; and Au et al., 2015, and Peng & Miller, 2016, for meta-
analyses indicating positive effects for certain types of EF training).

In conclusion, we know that measures of EF and academic achievement are
associated, but we lack robust evidence that strengthening EF also improves academic skills.

Another hypothesis is that training academic skills improves EF. That is, the association



would be explained by a causal effect of academic skills on EF skills. Theoretically, such
effects may be expected for at least three reasons: First, neurocognitive skills like EF develop
when they are used (Zelazo, 2015), and, for example, learning to read, speak, and understand
a language, and performing maths operations involve the use of EF skills (e.g., Castles et al.,
2018; Clements et al., 2016; Peng & Kievit, 2020). Second, training academic skills may
create new cognitive routines that are useful also for solving EF tasks (Gathercole et al.,
2019). Third, learning academic skills increases domain-specific knowledge, which in turn
may improve performance on EF tasks (Oberauer et al., 2018).

In this systematic review, we examined the effects of preschool and school-based
interventions aimed at enhancing language, literacy, and mathematical skills on the
development of children’s and students’ EF. That is, does training language, literacy, and
maths skills improve EF?

The interventions

Interventions of interest to this review aimed, at least in part, at enhancing language,
literacy or maths skills of children and adolescents attending pre, primary, secondary, or
high-school. Furthermore, interventions were applied, at least in part, in a preschool or school
setting and were administered by teachers, teaching assistants, preschool teachers, or the like.
For example, solely increasing the amount of homework or the amount of time parents are
encouraged to train their children’s skills at home did not constitute an eligible intervention.
Interventions varied in duration and methodology and did not have to be pre-validated in
terms of having an effect on language, literacy, or maths skills.

While we restricted the review in terms of the content of interventions (i.e., to
language, literacy, and/or maths), the instructional methods used in the interventions were not
restricted. We included for example tutoring, whole-class interventions, and computer-
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Interventions that changed the content rather than the format of instruction, for example by
emphasising phonological awareness in early literacy training, were also included as long as
the aim was to improve language, literacy, or maths skills. To avoid confounding
components, we excluded interventions including components that directly trained EF skills.

Interventions had to be evaluated by at least one measure of EF. As numerous others
have noted before us, studies differ substantially in the specific dimensions they include and
identify when conducting research on EF (e.g., Garon et al., 2008; Jacob & Parkinson, 2015;
Jurado & Rosselli, 2007). We included only measures that were pre-validated on a different
sample than the intervention sample but otherwise used a broad definition of EF. This meant
that we included measures of inhibitory control, working memory, and cognitive flexibility
(and synonyms to these skills), as well as more composite skills, such as self-regulation.

In summary, we included a range of different preschool and school-based
interventions aimed at increasing language, literacy, and/or maths skills, but only if the
potential effects of such interventions were assessed using pre-validated measures of EF.

How the interventions might work
If training EF skills has limited effects on academic skills, how are the robust associations
between measures of EF and academic achievement to be explained?

One hypothesis is that academic skills and EF are both caused by one or more other
variables (Brunner et al., 2021; Jacob & Parkinson, 2015; Lawson et al., 2018; Sirin, 2005).
One example of such a variable may be parental socioeconomic status (SES). There is
abundant evidence that growing up in high-SES families, on average, provides environments
more conducive to academic achievement than growing up in low-SES families. These
environmental advantages include richer language and literacy environments (Bus et al.,
1995; Golinkoff et al., 2019; Hart & Risley, 2003), parents having higher expectations of

their children’s academic achievement (Bradley & Corwyn, 2002; Slates et al., 2012), and



having better access to resources such as high-quality early childhood education, health care,
nutrition, and enriching spare-time activities (e.g., Esping-Andersen et al., 2012; Morgan et
al., 2012). However, as there are also many low-SES children and youth who thrive in school
(Dietrichson et al., 2017), it may be the activities more often carried out in high-SES families,
rather than the SES per se, that influence child development (Lawson et al., 2018; Munakata
& Michaelson, 2021). Interestingly, activities that high-SES parents typically do more of,
such as child-directed speech, reading together with their children, and helping children with
their homework are typically aimed at improving language, literacy, and maths. That is,
(pre)academic skills—not EF. Nevertheless, these activities might actually work as EF training
sessions (Romeo et al., 2022; Valcan et al., 2018).

In line with this notion, a second hypothesis—the one we examined in this review—is
that training academic skills improves EF. One reason to expect such effects is that
neurocognitive skills like EF develop when they are used; with repeated use, the neural
circuits involved in the mental operation become more efficient (Zelazo, 2015). As learning
to read, speak, and understand a language, and performing maths operations involve the use
of EF skills (e.g., Castles et al., 2018; Clements et al., 2016; Peng & Kievit, 2020), academic
interventions may improve EF skills. Furthermore, if more academic training involves more
use of EF skills, then longer academic interventions may improve EF skills more than shorter
interventions. However, the duration of the intervention may have countervailing effects. A
long intervention may for example increase stigma or make children demotivated (see e.g.,
Dietrichson et al., 2017; Dietrichson et al., 2021; Roberts et al., 2022; Wanzek et al., 2006;
and Wanzek et al., 2013, for reviews finding negative, nonlinear, or null associations between
duration and effects on academic skills).

Training one set of skills may not be enough to improve another set (James, 1890;

Woodworth & Thorndike, 1901). In other words, improving skills on one task may not



transfer to other tasks. Taatgen (2013) theorized that transfer between tasks will occur when
training one task develops a set of operators, which are also useful for a new task. Similarly,
Gathercole et al. (2019) argued that training one set of cognitive skills (in their case working
memory) provides benefits to other skills when the training involves learning new cognitive
routines that can be applied to novel or not-yet-learned tasks involving the other skill. “Near”
transfer to similar tasks is therefore more likely than “far” transfer to dissimilar tasks (see
Barnett & Ceci, 2002, for a typology of what constitutes near and far transfer). More training
would only be an improvement up to the point where the new routine has been learnt, and
would not transfer at all if the routine cannot be applied to the novel task.

Although the mechanisms that produce transfer between cognitive skills are not well-
understood (Katz et al., 2018; Simons et al., 2016), there are several candidates for how
training language, literacy, and maths skills may transfer to EF skills. Self-directed speech,
the “outer speech” used by young children to guide themselves while performing tasks and
the “inner speech” used by older children and adults, seems to be important for cognitive
functions and the regulation of behaviour (e.g., Luria, 1959; Vygotsky, 1980). Better
language skills could improve EF skills by enhancing self-directed speech (Bishop et al.,
2014; Weiland et al., 2014). For example, language skills may help children formulate more
complex verbal rules that enable the remembering of task sequences and the activation of the
relevant task set before operations (Cragg & Nation, 2010; Zelazo & Frye, 1998; Zelazo,
2015), or help children override overlearned responses in favor of a novel response, that is, to
self-regulate (Doebel & Zelazo, 2016; Luria, 1959). Doebel and Zelazio (2016) found that 3-
year-olds who were exposed to contrasting negations (of the form “not X, Y”’) scored higher
on measures of EF skills than children who were either only exposed to contrasting stimuli,
or read storybooks with an adult. Melby-Lervag and Hulme (2010) found that second graders

improved serial and free recall after training phoneme awareness and vocabulary, but not



after training rhymes. They argued that improved phonological and semantic memory
representations of the words, which rhyme training did not provide, may explain the pattern
of results. Doebel (2020) provided a more general example: that training may give children
experiences that make them value exercising a skill more. For example, if children note that
paying close attention during instruction helped them learn to read, then they might value
attention skills higher afterward.

In sum, language, literacy, and maths interventions may affect EF skills by creating
new cognitive routines that transfer to EF tasks. If verbal processes play an important part in
the development and exercise of self-regulation and other EF skills, then interventions
improving language skills may improve EF skills. As literacy training may improve
phonological, vocabulary, and comprehension skills (Morrison et al., 2019; Stanovich, 1986),
literacy interventions may therefore affect EF skills through similar channels. Learning
mathematics involves training in logical and statistical reasoning, which have been shown to
transfer to the solution of novel problems (e.g., Simons et al., 2016) and may in general
involve the development of new cognitive routines that also can be applied to EF tasks (e.g.,
Clements et al., 2016; Demetriou et al., 2014).

Successful language, literacy, and maths interventions furthermore increase domain-
specific knowledge. Oberauer et al. (2018) reviewed evidence that knowledge from past
experience has substantial effects on the performance of working memory tests.
Manifestations of this effect included that prior learning improved “chunking” (i.e.,
combining items into larger sets), that known words were easier to remember than unknown,
and that repetition improved performance. Some theories of working memory also emphasize
that working memory capacity is jointly determined by two components, the domain-general
central executive, and the retrieval of domain-specific knowledge from long-term memory

(see e.g., discussion in Peng & Swanson, 2022). If academic interventions are successful,



they improve learning and knowledge, which may therefore be a channel through which such
interventions may improve working memory, and potentially, other EF skills. As cognitive
flexibility builds on working memory skills (Diamond, 2013), improved domain-specific
knowledge may improve cognitive flexibility through the same channels.

The mechanisms explaining why academic interventions may affect EF skills do not
rule out that training EF skills also improves academic skills. On the contrary, several authors
have hypothesized a bidirectional relationship between academic skills and EF skills (e.g.,
Castles et al., 2018; Clements et al., 2016; Connor, 2016; Peng & Kievit, 2020). A
bidirectional, or reciprocal, relationship between academic skills and EF would seem to
predict that training EF skills should also improve academic skills but, as mentioned, the
causal evidence for this direction is not robust. However, the effects found in previous meta-
analyses of EF training programs (primarily working memory training) on academic
achievement in children and youth are typically positive and small, not precisely estimated
null effects (Cortese et al., 2015; Melby-Lervag & Hulme, 2013; Melby-Lervag et al., 2016;
Rapport et al., 2013; Sala & Gobet, 2017; Schwaighofer et al., 2015). Thus, these reviews do
not rule out small positive effects of training working memory on academic achievement.

Some theories emphasize the unidirectional relationship from academic skills to EF
skills, or downplay the possibilities for transfer from training EF skills to academic skills
(Demetriou et al., 2014; Gathercole et al., 2019). Gathercole et al. (2019) argued that the new
cognitive routines learnt through working memory training programs are unlikely to apply to
language, literacy, and maths tasks. As academic skills rely on an extensive array of cognitive
routines, they are unlikely “to be trained with anything other than real-life experience”
(Gathercole et al., 2019, p. 38). Van der Maas et al. (2006) argued that changing one single
variable (i.e., a single EF skill) in a complex system (such as academic skills) may be

ineffectual. If the transfer between skills depends on the content of learning, the similarity of



the contexts in which that learning is applied, and the interaction between the content and
context, then specific content would transfer less often (Simons et al., 2016). If language,
literacy, and mathematical learning involve a more complex array of skills and the learning of
more cognitive routines than EF training interventions typically have provided, then transfer
from academic skills training to EF skills may be more likely than the other way around.

Longitudinal studies examining whether the relationship between EF and academic
skills is uni- or bidirectional have for example found unidirectional associations from
expressive vocabulary to EF skills (e.g., Jones et al., 2020), from EF skills to receptive
vocabulary (Weiland et al., 2014), and from self-regulation to reading achievement
(Hernéndez et al., 2018). Bidirectional associations have been found between reading
comprehension and self-regulation (Connor et al., 2016), maths achievement and self-
regulation (Hernandez et al., 2018), and language skills and EF skills (Romeo et al., 2022).
Some studies have only found insignificant associations between the development of EF
skills and language skills (Gooch et al., 2016) and others found only reciprocal associations
among high-performing students (Zhang & Peng, 2023). However, these longitudinal studies
lack the exogenous variation in both EF and academic skills needed to identify a causal
relation (Herndndez et al., 2018; Jones et al., 2020). The interventions we examined provided
exogenous variation in one direction, that is, evidence of the effects of training language,
literacy, and maths skills on EF skills.

As mentioned, the content and context of training may be important for the transfer
between skills (Barnett & Ceci, 2002). Clements et al. (2016) argued that the relationship
between mathematics and EF is stronger than between literacy and EF. In a similar vein,
Hernandez et al. (2018) hypothesized that EF skills may be most useful when applied to
novel situations, and maths, at least in primary and secondary school, may be less

automatised than language and literacy processes. As language is not automatised when
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children are very young, and many literacy skills are not automatised until children are fluent
readers, this hypothesis would also suggest age-dependent effects.

The neural basis of EF skills is another reason to expect heterogeneity of effects
across age. Although EF skills develop throughout adolescence (Diamond, 2013), the
plasticity of the nervous system declines with age (e.g., Zelazo, 2015). Short-term memory
processes are essential for early skill acquisition but less important once the cognitive
processes behind a skill have been automated (Van Der Maas et al., 2006). Early
interventions may therefore have larger effects on EF skills (Ahmed et al., 2021). This
discussion also suggests interaction effects between the type of intervention and age. For
example, language interventions may have the largest effects on the EF skills of very young
children and literacy interventions around the start of primary school when most children
acquire basic decoding skills.

In their review, Peng and Kievit (2020) found that reading and mathematics skills
predict cognitive skills and vice versa, but that this bidirectional relationship was weaker for
disadvantaged students. They hypothesized that the differences in learning experiences and
opportunities between advantaged and disadvantaged children explain the weaker
bidirectionality. That is, advantaged children or not-at-risk children, including high-SES
children, who start out with stronger cognitive and academic skills may be more likely to
trigger and benefit from cognitive-academic bidirectionality. A similar mechanism may be in
play regarding the association between EF skills and language, literacy, and mathematics
skills.

Study characteristics may also influence the effects (e.g., Cheung & Slavin, 2016). A
potential moderator is the type of control group. Using an active control group that performs
similar activities as the treatment group in all aspects but the “working ingredient” (i.e., a

placebo condition) may be advantageous when the aim of a study is to pinpoint the
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mechanism through which an intervention affects a skill. Because a placebo condition may
shut down other possible mechanisms, such as changed expectations and motivations, it
increases the chances of isolating the hypothesized mechanism (Simons et al., 2016).
However, in field experiments in preschools and schools, using a placebo condition is not
necessarily an advantage. Education interventions, whether intentionally or not, may improve
academic and EF skills precisely through the changes in motivation and expectations that
using a placebo condition aims to preclude (Diamond, 2014; Beg et al., 2021). Closing down
these mechanisms by using a placebo condition may thus change what is being estimated.

Treatment as usual (TAU) control groups may be more at risk of Hawthorne and John
Henry-effects: that is, the treatment and control groups behave differently because they know
that they are participating in a study (Glennerster & Takavarasha, 2013). While such effects
are difficult to completely avoid in education interventions, placebo control groups also know
that they are participating in a study and, if the placebo treatment works well, believe that
they participate on equal terms with the treatment group. In such instances, Hawthorne and
John Henry-effects may therefore be mitigated.

Further examples of study characteristics that may moderate effect sizes include the
study design — in our case, whether the study was a randomised controlled trial (RCT), quasi-
randomised controlled trial (QRCT), or a quasi-experimental study (QES) — the type of
measure (whether the children are measured directly, or assessed by someone who knows
them well, like a teacher or a parent), and measurement timing. The direction of the influence
on effect sizes of these moderators is theoretically ambiguous with the exception of
measurement timing: longer follow-ups are typically associated with smaller effect sizes
(e.g., Bailey et al., 2020; Dietrichson et al., 2025; Hart et al., 2024).

In sum, language, literacy, and maths interventions may improve EF skills for at least

three reasons: first, because learning to read, speak, and understand a language, and
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performing maths operations involve the use of EF skills; second, because training language,
literacy, and maths create new cognitive routines that are useful also for solving EF tasks; and
third, because the interventions improve domain-specific knowledge. As discussed in this
section, there were reasons to expect effect sizes to be moderated by the subject of the
intervention, the type of EF skill measured, child age or grade, the at-risk status of
participants, as well as study characteristics. We examined if these variables explained effect
size heterogeneity in a confirmatory moderator analysis, and examined additional variables in
exploratory analyses.

Why it is important to do this review

Education spending constitute a large proportion of total government spending in
many countries around the globe (OECD, 2020). EF skills are fundamental cognitive skills
underlying all forms of goal-directed behaviour (Miyake et al., 2000; Zelazo, 2015). With
previous research identifying a strong association between EF and academic achievements
(e.g., Jacob & Parkinson, 2015), educational researchers and policy makers have been right to
take an interest in the training of these important cognitive skills within a school setting.
However, researchers are yet to understand the nature of this association, and how it can be
fully utilised for the benefit of the education system and ultimately its students.

The number of previous reviews of the effects of academic interventions on EF is
small. Peng and Kievit (2020) reviewed evidence of a bidirectional relationship between
academic and more general cognitive skills (including EF). Their results suggest that reading
and mathematics skills predict cognitive skills and vice versa, that this bidirectional
relationship is weaker for disadvantaged students, and that direct academic instruction can
improve cognitive skills. The review did not include a meta-analysis. Their results provided
motivation for including moderator analyses testing whether interventions have different

effects depending on whether they mainly target at-risk students or not.
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In a narrative review of interventions in preschool and early primary school, Clements
et al. (2016) found more evidence of an association between executive functions and maths
achievement than between executive functions and literacy or language achievement.
Furthermore, they cited studies showing reciprocal associations between early numeracy and
EF, but not between early literacy and EF. These findings motivated us to examine whether
the content of the interventions moderate effect sizes.

A large number of recent reviews have examined the effects of physical activity
interventions on EF skills (e.g., Alvarez-Bueno et al., 2017; Jylanki et al., 2022; Mavilidi et
al., 2022; Muir et al., 2023; Norris et al., 2020; Peiris et al., 2022; Ruhland & Lange, 2021;
Vasilopoulous et al., 2023). None of these reviews reported separate meta-analytic results for
interventions combining physical activity with academic instruction on EF outcomes. Peiris
et al. (2022) found no significant effect of physical activity breaks during lessons on a
broader category of cognitive outcomes (which included EF), but included relatively few
studies and it was not clear how much the interventions trained language, literacy, and math.
In addition to physical activity interventions, Muir et al. (2023) included four math
interventions, some of which trained EF directly, but did not meta-analyse these. Wang
(2020) reviewed abacus training interventions and reported positive effects on EF, but did not
conduct a meta-analysis. Our review included abacus training interventions and many other
types of math interventions.

Less closely related, Ritchie and Tucker-Drob (2018) presented meta-analytic
evidence that education can improve cognitive skills. Their meta-analysis found that an
additional year of schooling increases IQ with 1 to 5 points. Ritchie and Tucker-Drob (2018)
did not examine language, literacy or maths programs, or EF measures, and did not include
preschool children. Stockard et al. (2018) reviewed Direct Instruction interventions for

school-age children and found positive effects on IQ and cognitive skills measures. These
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measures were however not further defined in the review and it is unclear if any studies used
similar measures as we included in our review. Reviews of targeted and universal preschool
programs have found effects on, typically broad, cognitive skills measures but have not
conducted analyses of EF skills (e.g., Dietrichson, Kristiansen, & Viinholt, 2020; Duncan et
al., 2023; Duncan & Magnusson, 2013; van Huizen & Plantenga, 2018).

We are not aware of a previous meta-analysis examining the effects of language,
literacy, and math interventions on EF skills. This review contributes with 1) a reversed
perspective on the association between EF and academic achievement from most earlier
reviews; 2) a thorough and comprehensive search, screening, and coding process, and a risk
of bias assessment of included outcomes; 3) an examination of intervention studies only,
estimating the effect of training specific academic skills on the development of EF; 4)
inclusion of several types of EF as well as both language, literacy, and maths interventions;
and 5) a meta-analysis on the above mentioned hypothesised relation between academic
interventions and EF.

Objectives

Our main research question for this systematic review was: Do preschool and school-
based interventions aimed at improving language, literacy, and/or mathematical skills
increase children’s and adolescents’ executive functions?

As a secondary objective, we examined the following research question: How are the
effects of language, literacy, and mathematics interventions on executive functions moderated
by the subject of the intervention, child age or grade, the type of executive function
measured, and the at-risk status of participants?

We pre-specified moderators regarding academic subject, child age, the type of
executive function measured, and the at-risk status of participants, which corresponded to our

confirmatory moderator analysis (see the Subgroup analysis and investigation of
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heterogeneity-section for definitions of these variables). In exploratory moderator analyses,
we examined the association between effect sizes and other study characteristics. That is, our
third research question was: How are the effects of language, literacy, and mathematics
interventions on executive functions moderated by study characteristics?

Lastly, our fourth research question was: What are the effects of the included
interventions on secondary outcomes (language, literacy, mathematical and other cognitive
skills)?

The fourth research question was motivated by the risk that the included interventions
may be ineffective regarding their primary aim, that is, to improve language, literacy, and/or
mathematical skills. Specifically, if we were to find no effects on EF, ineffective
interventions might explain the lack of improvement. Examining the effects on language,
literacy, and maths skills might also tell us something about the relationship between these
skills and EF. For example, if we were to find effects on executive functions despite
observing no effects on language, literacy, and mathematical skills, such results would
suggest that the effects on executive functions were less likely caused by interventions
creating new cognitive routines useful for solving EF tasks or by improved domain-specific
knowledge. Instead, the effects on executive functions would, in that case, be more likely
attributed to the interventions directly involving the use of EF in the training of language,
literacy, and maths. To examine this last hypothesis further, we also conducted a non-pre-
registered, exploratory analyses in which we estimated the association between average effect
sizes based on secondary outcomes with effect sizes based on EF tests.

As we required studies to have reported measures of executive functions, it is
important to note that the interventions included in this review are unlikely to be

representative of language, literacy, and maths interventions in general.
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Methods

We followed the criteria for considering studies, the search methods for identification
of studies, and the procedures for data collection and analysis described in our pre-registered
protocol (Dietrichson et al., 2022). We comment on deviations from the protocol throughout
and summarize them in the Differences between protocol and review-section.

Criteria for considering studies for this review
Types of studies

We included quantitative and experimental primary studies that examined the effects
of preschool and school-based interventions. Eligible studies used a treatment-control group
design, such as RCTs, in which the assignment to treatment was determined by a random
sequence, QRCTs, in which the assignment to treatment was determined by means such as
alternate allocation, person's birth date, the date of the week or month, case number, or
alphabetical order, and QESs, in which the assignment to treatment occurred, for example, in
the course of usual decisions, by a (non-random) researcher decision, or by a natural
experiment (i.e., through some form of “natural” or administrative process, which is outside
the researchers’ control).

Treatment-control studies needed to assign at least two ‘units’ (e.g., schools, classes,
or children) to the treatment group and two units to the control group to be included.
Treatment effects are difficult to separate from unit effects in studies with only one unit in
either the treatment group or the control group. Effect sizes also had to satisfy specific risk of
bias criteria before contributing to the data synthesis (for these criteria, see the Assessment of
risk of bias in included studies-section). Studies in which all effect sizes were excluded from
the data synthesis due to risk of bias criteria were still included in the review.

Control groups were defined as TAU conditions (including waiting list control

groups), or placebo interventions. We excluded studies that only compared groups receiving
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different interventions, which were all hypothesized to improve academic or EF skills. In
some studies that included an active control group and a TAU control group, the active
control group received language, literacy, or maths training. We then included the contrast
between the active and the TAU control group.

We excluded non-intervention studies, such as observational or descriptive studies,
and qualitative study designs, as well as single-subject before-after designs, in which
participants act as their own control group. Other reviews were not included in this synthesis,
although we kept track of relevant reviews found in our search and used them where
appropriate, for example, for citation tracking purposes (see the Citation tracking-section
below for more information).

Only studies published in English, German, Danish, Swedish and Norwegian were
eligible, due to language restrictions in the review team.

Types of participants

The eligible population samples for this review were children and adolescents
attending either pre, primary, or secondary school (including high school). We included both
normally achieving, not-at-risk students as well as those identified as at risk of academic
difficulties because they were low-performing or educationally disadvantaged. Furthermore,
we included clinical samples irrespective of the diagnosis. We did not restrict the type of
preschools and schools, i.e., state, private, public, and boarding schools were all eligible for
inclusion. Students could also attend both mainstream schools or special education schools.

We excluded interventions conducted in higher education (e.g., universities or
professional development programs). We also excluded interventions conducted outside of
the school year or school day, that is, summer schools and after school programs were not
included, unless the intervention had a vital component embedded in the normal school day

setting (we found no example of the latter).
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Types of interventions

The review included primary studies examining language, literacy, and mathematical
interventions implemented in preschool and school settings. Interventions varied in duration
and methodology and did not have to be pre-validated in terms of having an effect on
language, literacy, or maths skills. However, interventions had to constitute a condition
different from TAU at the school or preschool. As TAU instruction might include
components that improve EF skills without training language, literacy, or maths skills,
including such conditions would risk introducing a confounding element into the analysis.

As an example of what we mean by being different from TAU, Araujo et al. (2016)
examined the effects of teacher and classroom quality on, amongst others, measures of EF.
They used an assignment rule where children were assigned to classrooms in a manner that
was close to random. Although this intervention trained many of the skills we were interested
in, no child received a different instruction than TAU in their school because of the
intervention. The only aspect that differed was the “quality” of the teacher and peers in the
classroom, and this study was therefore not included.

Interventions were implemented in a school or preschool setting and had to be
administered by teachers, teaching assistants, or the like (including personnel hired by the
researchers). Thus, interventions that solely increased the amount of homework or
encouraged parents to train with their children at home or in other types of family care were
not eligible.

Interventions were aimed at enhancing students’ academic achievement by training at
least one specific mathematical, literacy or language skill. Interventions with an explicit focus
on only improving students’ metacognitive strategies or study skills were not eligible for this
review. In order to avoid confounding components, interventions with components that

directly trained EF were not eligible for this review. It was the content of the training that
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determined whether an intervention directly trained EF, not the stated aims. For example, an
intervention could aim to improve EF through early literacy training and be included, as long
as there was no component that trained EF without involving early literacy training.
Interventions that included multiple components all targeting specific academic skills were
eligible (as long as none of the components targeted EF skills directly). Several included
studies included multiple treatments, some of which were excluded because they trained EF
directly.

A difficult case were interventions that included physical activity and interventions
that included or targeted certain types of social-emotional skills. Intense physical activity like
exercise is often thought to improve cognitive skills, especially in the long run (e.g., Donnelly
et al., 2016). However, physical activity interventions involving language, literacy, or maths
training are often relatively short, and there is an ongoing debate on how physical activity
influences executive functions (e.g., Beck et al., 2016; Mavilidi et al., 2020). For example,
Diamond and Ling (2016) argued that exercise only improves EF when it also involves
training of EF skills whereas others have argued that it is improved cardiorespiratory fitness
that in turn activates the areas of the brain that support EF (Hillman et al., 2019). As it did not
seem certain that physical activity interventions affect EF through the physical activity but
may, if there is any effect at all, do so through the training of language, literacy, and maths
skills, we decided to include physical activity interventions. We present sensitivity analyses
excluding these interventions in the Results of the sensitivity analysis-section.

Types of outcome measures

We included two types of outcome measures: measures of EF (our primary outcome)
and measures of academic achievement (our secondary outcome). Studies had to include at
least one primary outcome to be included.

Primary outcomes
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The primary outcomes of this review were measures of EF skills. We included both
direct measures obtained by use of cognitive tests, such as the Delis-Kaplan Executive
Function System (Delis et al., 2004), Wechsler Intelligence Scale for Children (WISC; e.g.,
Wechsler, 2014), and the Automated Working Memory Assessment (Alloway et al., 2008), as
well as indirect measures. Indirect measures are measures where for example teachers or
parents rate the children. Examples included the Behaviour Rating Inventory of Executive
Function (e.g., Gioia et al., 1996), the Behavioral and Emotional Rating Scale (Epstein &
Sharma, 1998), and the Strengths and Weaknesses of ADHD Symptoms and Normal
Behavior (Swanson, Schuck et al., 2012). We included measures of EF in a broad sense,
meaning that both measures of working memory, inhibitory control, and cognitive flexibility
were included, as well as measures of broader skill constructs like self-regulation, self-
control, effortful control, planning, and problem solving that plausibly include the application
of all three core EF skills (see the search strategy in Online Appendix A for examples of
synonyms to these concepts).

Only studies applying pre-validated measures of EF were eligible for inclusion. That
is, the measures had to be validated on other samples and not developed by researchers for
the intervention at hand. Researcher-developed measures risk inflating effect sizes (e.g.,
Slavin & Madden, 2011). For a study to be eligible, we had to be able to confirm that the
applied (sub)test of EF was in fact pre-validated. If a study applied a modified version of a
pre-validated test, the study was also ineligible. This restriction was motivated by the fact that
EF is a broad “umbrella term” referring to a number of different constructs that have changed
over time. Earlier studies sometimes use the term executive functions to refer to constructs
that we do not consider relevant today. Other reviews, such as Jacob and Parkinson (2015),

handled this issue by simply excluding all papers published prior to 2000.

21



Working memory is a complex concept referring to a series of coherent brain
functions related to memory. However, as with executive functions, the term is applied
dissimilarly by researchers, and especially the distinction between “working memory” and
“short-term memory” is disputed, as the two functions are closely related and somewhat
overlapping. One example is tests of forward digit span, which are labelled both as tests of
short-term memory and working memory in the literature (compare e.g., Boat et al., 2022;
Ramani et al., 2017; Weiland & Yoshikawa, 2013). To account for the at times different use
of “working memory”, we also included studies using measures of short-term memory as the
outcome measure.

Secondary outcomes

Secondary outcomes included measures of academic achievement such as
standardised measures of specific numeracy, literacy, and oral language skills. We also coded
additional cognitive measures, such as other scales than the working memory index from
WISC (Wechsler, 2014). Our protocol stipulated that secondary outcomes had to be
standardised in order to be included; however, a handful of studies reported exclusively non-
standardised tests of the skills targeted in the intervention and in those cases, we chose to
code the non-standardised measures as well. We tested whether the results were sensitive to
this deviation from the protocol.

Duration of follow-up

We included both end-of-intervention tests and follow-up tests conducted after the

end-of-intervention, regardless of the duration of follow-up. We describe how we analysed

tests with different duration of follow-up in the Data synthesis-section.
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Search methods for identification of studies

Relevant studies were identified through searches in electronic databases, hand search
in specific targeted journals, governmental and grey literature repositories, internet search
engines, citation tracking, and contact to international experts.
Electronic database searches

We searched the following databases up to April 2023 (platform in parenthesis):
ERIC (EBSCO), PsycINFO (EBSCO), SocINDEX (EBSCO), Academic Search Premier
(EBSCO), International Bibliography of the Social Sciences (ProQuest), Sociological
Abstracts (ProQuest), Science Citation Index Expanded (Web of Science, Clarivate), Social
Sciences Citation Index (Web of Science, Clarivate).
Description of search-string

The search string was based on the PICOS-model. Using that model, we identified
five aspects of the topic and developed a search facet for each with relevant terms and
synonyms. We did not apply a time or language limitation on the database searches. All of
the five facets were searched as a title/abstract search. Some of the facets also utilized the
subject terms, which varied according to each database thesaurus or index where applicable
(the Web of Science-databases do not have a thesaurus). We included the full search
documentation for all searches in Online Appendix A.
Searching other resources

This section describes our searches of other resources. We included documentation
for these searches in Online Appendix A.

Hand search. We hand searched journals at the intersection between education and
psychology, as we believed that they were most likely to include studies related to our review
topic. The chosen journals furthermore focus on different parts of the included age range of

children. We conducted hand searches of the following journals from late 2019 to late 2024:

23



Journal of Educational Psychology, Child Development, Contemporary Educational
Psychology, Early Childhood Research Quarterly, and American Educational Research
Journal.

Searches for unpublished literature in general. We split the search strategies in
sub-sections for each type of unpublished literature. In general, most of the resources
searched for this purpose included multiple types of literature and references. As an example,
the resources listed to identify reports from national bibliographical resources also included
working papers and dissertations, in addition to peer-reviewed references. A resource may
therefore have been searched for multiple purposes, but for brevity, it is only listed once as a
resource.

Search for dissertations. We searched EBSCO Open Dissertations (through EBSCO-
host) for dissertations. Our protocol specified that we would also search ProQuest
Dissertations & Theses Global. However, at the time of the search, we no longer had access
to this database.

Search for working papers/conference proceedings. We searched the following
resources for working papers/conference proceedings:

e European Educational Research Association (https://eera-ecer.de/)

e American Educational Research Association (https://www.aera.net/)

e PsyArXiv (https://osf.io/preprints/psyarxiv)

e Open Grey (http://www.opengrey.eu/)

e Google Scholar (https://scholar.google.com/)

e Google searches (https://www.google.com/)

e Social Science Research Network (https://www.ssrn.com/index.cfm/en/[1]).

Search for reports and non-US literature. We searched the following resources for

reports and non-US literature:
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e Research Portal Denmark (https://local.forskningsportal.dk/search/78730)

e SwePub (https://swepub.kb.se/form_extended.jsp)

e NORA (http://nora.openaccess.no/)

e CORE (https://core.ac.uk/)

e Best Evidence Encyclopedia (https://bestevidence.org/)

Search for systematic reviews. Reviews were identified in all previous databases and
were searched for leads when we deemed them relevant. We also searched specifically for
systematic reviews using the following resources:

e Campbell Systematic Reviews

(https://onlinelibrary.wiley.com/search/advanced?publication=18911803 &text1=)

e (Cochrane Library (https://www.cochranelibrary.com/advanced-search)

e Centre for Reviews and Dissemination Database (https://www.crd.york.ac.uk/CRDWeb/)

Citation tracking. We used citation tracking methods to identify more relevant
literature. We citation tracked all 79 included records and all relevant reviews (e.g., those
mentioned in section Why it is important to do this review and those found in other parts of
our search, in total 19 reviews) forward by using Google Scholar and backward by screening
the reference lists. The latter was done by at least two members of the review team for each
record. We furthermore citation tracked a number of primary records that were excluded but
where we thought the content was close enough to our review that it might contain relevant
leads.

Contact to experts. At the end of the search process (in December 2024), we
contacted five international experts to identify unpublished and ongoing studies and studies
we might have missed. We contacted authors that, for example, had written relevant reviews
or had more than one included primary study and provided them with the inclusion criteria

for the review along with the list of included studies. We received a reply from four authors.
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Data collection and analysis
Selection of studies

The screening process for identifying relevant studies from the database searches
were split in two overall stages: 1) screening based on title and abstract, and 2) screening
based on full text. In order to ensure the quality of the screening process and reduce potential
errors, we made use of independent double screening at both stages (Polanin et al., 2019;
Stoll et al., 2019). The screeners were blinded to each other's work until comparing final
judgements of the screened records. If the two screeners did not agree on the
inclusion/exclusion of a specific record, then this reference was sent to one of the review
authors for final judgement.

We conducted pilot screenings for each overall screening stage and for each screener.
In the pilot screening based on title and abstract, the review team screened and compared 100
references. The team then discussed and resolved potential disagreements and uncertainties
regarding the eligibility criteria. If the interrater agreement was above 90% in the pilot
screening, then the rest of the references was screened. If the interrater agreement was below
90% in the first pilot, the review team members performed a second pilot screening in order
to ensure sufficient reliability before the rest of the references were screened. At the full text
stage of the screening process, the pilot consisted of 8-10 studies and was otherwise identical
to the process described for first level. The review team met with regular intervals in all
stages of the screening process in order to discuss uncertainties and minimize the potential for
“coders drift” (Polanin et al., 2019). During the screening process, none of the review authors
or review team members were blind to the authors, journals, or institutions responsible for the
publication of eligible studies.

We used the machine learning (ML) functionality in EPPI Reviewer 4 to conduct

priority screening in the title and abstract screening phase. We first screened 1,000 records on
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title and abstract using independent double screening. We then ranked the remaining records
by the ML algorithm's probability of a record being included, and screened those with the
highest probability first. We screened in batches and re-ranked the remaining records
regularly.

Using priority screening had a dual purpose. First, we found relevant records earlier in
the screening process, which meant that we could start the coding and the risk of bias
assessment earlier and thereby speed up the completion of the review. Second, we found a
large number of records in the database search (18,729). As stated in our protocol, we
switched to one human screener when the inclusion rate became low. In the batch of records
from 6,205 to 7,457, the inclusion rate was 1.3%. We deemed this to be low enough to start
screening with one human screener because it was much lower than in previous batches
(maximum inclusion rate was 8.1%) and because we had access to AlscreenR as the second
screener (Vembye et al., 2025; Vembye & Olsen, 2025).

AlscreenR is an R package that uses OpenAl’s GPT API models to conduct screening
on title and abstract. Vembye et al. (2025) used a large number of systematic reviews to
compare AlscreenR’s performance to human screeners. The results indicated that AlscreenR
always performed on par with one human screener, and sometimes virtually as well as two
human screeners. As the screening on title and abstract was comparatively difficult in our
review, we developed and tested a prompt that was highly inclusive in the sense that recall
was nearly perfect whereas specificity was lower (i.e., AIscreenR included nearly all records
included by two human screeners, and many more). We also checked carefully that
AlscreenR did not miss any records that, at that point, had been included after full text
screening.

Of the 11,036 records for which we used one human screener and AlscreenR, 108

were included by the human screener. All these records were screened in full text (regardless
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of AlscreenR’s verdict). All records included in human single-screening and by AlscreenR
were also screened in full text (31). All records excluded by the human screener but included
by AlscreenR (846) were screened by the first author as the third screener on title and
abstract. We similarly used AlscreenR as the second screener in the screening of the
dissertations from EBSCO Open Dissertations.

AlscreenR was developed after our protocol was written but this deviation only served
to improve the screening process (i.e., the protocol stated that we would single-screen once
the inclusion rate was low enough, which surely would have been more error prone).

Data extraction and management

Two members of the review team extracted and coded data from the included studies.
Any disagreements were resolved by discussion, or by involving a third coder. From all
included studies, we extracted data on publication characteristics, study characteristics,
participant characteristics, intervention characteristics, and outcome characteristics. If any
disagreement or uncertainty emerged during the data extraction process which could not be
resolved by the two study coders, a third reviewer (another of the review authors) with the
appropriate expertise was consulted. However, we did not double-code studies that we could
not use in the meta-analysis. We used EPPI Reviewer 4 and Microsoft Excel for data
management and extraction.

Assessment of risk of bias in included studies

Two members of the review team, at least one of which was a review author,
independently assessed the risk of bias for each eligible study outcome. If disagreements
could not be solved by discussion, another review author was contacted for a final agreement.

For included non-randomised studies (QRCT and QES), we assessed the risk of bias
for all included outcomes applying Cochrane’s ROBINS-I tool (Sterne et al., 2016). For all

included randomised studies, we assessed the risk of bias using a revised version of
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Cochrane’s risk of bias tool, ROB-2 (Elridge et al., 2016; Sterne et al., 2019). See our
protocol (Dietrichson et al., 2022) for more information about the characteristics of each tool.
In this section, we describe how we applied the tools.

In ROBINS-I, we rated every outcome on each domain as either having a ‘low’,
‘moderate’, ‘serious’, or ‘critical’ level of bias. If a study outcome received a ‘critical’ rating
on at least one domain, it was considered too biased to provide useful evidence on the effects
of the intervention. As a consequence, the outcome was excluded from the data synthesis. We
did not continue the risk of bias assessment of an outcome measure if a domain was rated
‘critical’. In each domain of the ROB-2 tool, we rated every outcome measure as either
having ‘low’, ‘some’, or ‘high’ concerns. In both tools, we made an overall rating on the
basis of the domain ratings, which was equal to the rating in the domain with the highest risk.

Both tools allow for an assessment of the overall bias direction for the assessed
outcomes. This was typically very difficult to assess, and we do not discuss this direction
further in the review. A further commonality is that both tools required pre-specification of
the effect type that was assessed. We were interested in estimates that were closer to the
effect of starting and adhering to the intervention (treatment on the treated, TOT) than the
effect of assignment to the intervention (intention to treat, ITT). However, almost no study
provided an appropriately estimated TOT estimate. Analyses were typically made on samples
with attrition but where most or all remaining participants received the assigned treatment.
Estimates were therefore typically neither pure ITTs nor pure TOTs, but these two estimands
could often be expected to be quite close to one another in the included studies.

In the case of RCTs, where we found evidence that the randomisation had gone wrong
or were no longer valid, we assessed the risk of bias of the outcome measures using
ROBINS-I instead of ROB-2 (as recommended in Higgins et al., 2019). There was only one

such example where we deemed the attrition to be so high for two outcomes that the
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randomisation was no longer valid. That is, the random assignment was, on its own, unlikely
to produce unbiased estimates of the intervention effects.

Definition of critical confounders. ROBINS-I calls for a definition of critical
confounders. In this review, we defined performance at baseline and age to be our critical
confounders that deserved most attention in our risk of bias assessments. However, we also
considered other important confounders such as students' socioeconomic status and gender as
well as the risk of bias from unobservable confounders (i.e., defining critical confounders did
not imply that other confounders were not considered).

Measures of treatment effect

We compared the intervention condition with the control condition on measures of
EF, and on measures of academic achievement. All included studies used continuous
outcome measures. We calculated the standardised mean difference (SMD) where possible,
since the outcomes were measured and reported with a wide range of different scales. In
order to correct for upward bias in small samples, we used the small sample bias-corrected
Hedges’ g in our analysis (Borenstein et al., 2009; Hedges, 1981; Lipsey & Wilson, 2001).

We calculated g and its standard error (SE) as (Lipsey & Wilson, 2001, p. 47-49):
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Here, s1 and s> denote the unadjusted SDs of the treatment and control group. As
recommended by Hedges et al. (2023), we included the small-sample adjustment when
calculating effect sizes but not when calculating the standard errors/variances of the effect
sizes.

In our primary analysis, we used the post-test SDs. Post-test SDs were reported more
often than pre-test SDs and potentially also less subject to floor effects. In two studies, we
could only use an SMD calculated with the control group SD (i.e., a Glass’s delta). We
included these studies in the analysis, as excluding them seemed to pose a greater risk of bias.

We used covariate-adjusted estimates of the mean difference whenever available (e.g.,
coefficients from linear regressions, adjusted means). Our protocol stated that we would use
TOT estimates if available and test sensitivity to the inclusion of ITT estimates. There were
so few studies with both ITTs and TOTs that the planned sensitivity analysis was subsumed
into other sensitivity analyses (see section Sensitivity analyses).

Lastly, some studies reported only results for subgroups that were on a lower level
than in other studies (and often not on the level of treatment assignment). Because effect sizes
based on sub-groups omits the between-subgroup variation, standard deviations will be
smaller and effect sizes mechanically larger. We therefore used the methods recommended
by Wilson (2017) to aggregate the subgroup results to a level comparable to our other
included studies.

Unit of analysis issues

Effect sizes and standard errors from studies with clustered assignment of treatment
may be biased if the unit-of-analysis is the individual and an appropriate cluster adjustment is
not used (Higgins & Green, 2011). We adjusted effect sizes by study using the methods
suggested by Hedges (2007), Hedges et al. (2023), and What Works Clearinghouse (2021)

and information about intra-cluster correlation coefficient (ICC) and realised cluster sizes. As
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for individually assigned treatments, we included a small-sample adjustment in the
calculation of effect sizes but not in the calculation of standard errors/variances (Hedges et
al., 2023).

When information about the ICC was not available, we adjusted the effect sizes using
an ICC of 0.11. This value is approximately equal to the average of ICCs taken over grades
from kindergarten to grade 12 and maths and reading tests in Hedges and Hedberg (2007,
reported in Table 2 and 3, pp. 68—69, models with covariates). We tested whether the results
were sensitive to this choice by using ICCs of 0 (the theoretical minimum) and 0.32 (the
empirical maximum in the same two tables). We were not aware of similar evidence of
typical ICCs for studies conducted in preschool, and used these ICCs also for preschool
studies. We calculated the average cluster size by dividing the total sample size in a study by
the number of clusters (classrooms or (pre)schools).

Another issue was studies that assigned treatment individually but where the
treatment was received in groups. Adjusting for this issue was for several reasons much more
challenging: First, it is not clear how to achieve an unbiased adjustment. For example, Weiss
et al. (2016) indicate that both adjusting and not adjusting are likely to yield biased standard
errors in primary studies (over- and underestimated, respectively). Second, information about
group sizes was often imprecise or reported as intervals, and sometimes missing. Third, no
study provided information about the relevant ICC for groups smaller than regular class sizes
and we are not aware of estimates similar to Hedges and Hedberg’s (2007) for small-to-
medium group interventions.

For these reasons, and because our protocol did not specify an adjustment procedure
for individually assigned group treatments, we used the following procedure. For treatments
received in classes or larger groups in which the control group was also likely clustered in

similar units, we adjusted the estimates using the same procedure outlined earlier in this
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section and included the adjusted effect sizes and variances in our primary analysis. For
treatments received in groups smaller than classes in which the control group likely was not
clustered in similar units, we included the unadjusted effect sizes and variances in our
primary analysis. We tested the sensitivity to this choice by calculating a design effect equal
to 1 + (group size — 1) x ICC (Higgins et al., 2019), and used this design effect to adjust the
treatment group’s sample size. As the ICC seems likely to be higher the smaller the group, we
choose the empirical maximum from Hedges and Hedberg (2007; i.e., 0.32). We used the
mid-point of intervals to estimate group sizes and imputed the mean across studies for studies
with missing information. We then used this effective sample size in the calculation of
variances.

Criteria for determination of independent findings

In a few cases, several records used the same sample of data. The records either
reported estimates for different outcomes or exactly the same estimates for the same
outcomes. We included only one estimate of the same outcome from each sample of data in
the meta-analysis in order to avoid duplication.

Studies reported multiple and dependent effect sizes, sometimes of conceptually
similar outcomes. We included all such outcomes in our analysis, and we describe how we
took the dependency between effect sizes into account in the Data synthesis-section.
Dealing with missing data

Studies had to permit calculation of a numeric effect size for the outcomes to be
eligible for inclusion in the meta-analysis. When studies had missing data, such as missing
standard deviations or means, we tried to derive these from, for example, F, chi-squared, and
t-statistics, and correlation coefficients using the methods suggested by Lipsey and Wilson

(2001). When that was not possible, we contacted the corresponding author of the study.
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We assessed missing data and attrition for the individual studies with ROB-2 and
ROBINS-I, which both have specific domains focusing on biases arising from missing data
(Sterne et al., 2016; Sterne et al., 2019).

Assessment of heterogeneity

Heterogeneity can stem from variation in effects within and between studies or from
sampling errors in included studies. In this review, we assumed that within and between-
study variation in effects would occur and therefore used a random-effects model in our main
analysis. We assessed the degree of heterogeneity with the O and the I statistics, and the
within (w), between (7), and total standard deviation (o = V(w?+ 7%); Higgins et al., 2003;
Pustejovsky, 2021). We calculated an overall /? statistic by summing the between and within-
study variance components (see e.g., Viechtbauer, 2024). We also reported prediction
intervals in order to examine how effects are dispersed. We calculated prediction intervals
using the predict-function in metafor (see Viechtbauer, 2025).

Assessment of reporting biases

Reporting bias might refer to both publication bias and selective reporting of outcome
data and results. We assessed bias from selective reporting of outcome data and results with
ROB-2 and ROBINS-I.

To assess the extent of publication bias, we showed funnel plots and examined
whether they were asymmetric (Higgins & Green, 2011). To formally test for asymmetry, we
used a version of Egger’s test (Egger et al.,1997) suggested by Rodgers and Pustejovsky
(2021) and further developed by Chen and Pustejovsky (2024). This version has lower Type |
errors than the original version and is suited for dependent effect sizes and the meta-analysis
models we used. Egger's test examines asymmetry by including a measure of effect size
precision as a predictor in a meta-regression with effect sizes as the outcome variable. A

significant coefficient on the precision measure is interpreted as evidence of asymmetry.
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Following Rodgers and Pustejovsky (2021), we interpreted the rejection of the null
hypothesis of no asymmetry in a one-sided test with significance level 0.05 as an indication
of asymmetry.

Asymmetric funnel plots are not necessarily caused by publication bias (and
publication bias does not necessarily cause asymmetry in a funnel plot). We therefore also
tested how sensitive our results were to potential publication bias using the methods
developed by Mathur and VanderWeele (2020).

Data synthesis

We conducted the data synthesis in the following steps: First, we presented
descriptive summaries of the contextual, methodological, and outcome characteristics for the
studies included in the data synthesis. Second, our main effects analysis reported a weighted
average effect size comparing the results on all EF skills tests of children in the intervention
groups with children in the control groups (corresponding to our first research question).

Pooling all EF tests may obscure heterogeneous effects across EF skills, but we think
the pooled analysis is motivated by the substantial correlations and the conceptual overlap
between EF skills (Diamond & Ling, 2016; Kassai et al., 2019; Miyake et al., 2000; Silva et
al., 2022). For example, it is hard to conceive of a test that does not, to some degree, measure
inhibitory control as testing a child without any inhibitory control skill would be difficult (see
next section for moderator analyses that examine whether the effects differ between types of
EF skill tests). We examined heterogeneity with a forest plot, prediction intervals, and
heterogeneity statistics. We also reported the effects on tests of academic achievement and
cognitive skills (corresponding to our fourth research question). Third, we conducted
sensitivity analyses of the main effects. Fourth, we presented the results from confirmatory
and exploratory moderator analyses (described in the Subgroup analysis and investigation of

heterogeneity-section).
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We performed all statistical analyses in R. The data used in the analysis and the
analytic code are available at OSF. As we expected the results to be heterogeneous, we
assumed a random-effects model. We used inverse-variance based weights. To estimate the
overall effect size and heterogeneity statistics, we used the correlated-hierarchical effects
model combined with robust-variance estimation (CHE-RVE) developed by Pustejovsky and
Tipton (2022). This method allowed us to consider both dependencies between effect sizes
that arise because the same sample is tested on different tests (‘correlated effects’) and
because different samples are included in the same study (‘hierarchical effects’). This feature
is an advantage over the original RVE method developed by Hedges et al. (2010). The
original RVE procedure may furthermore have some disadvantages in terms of estimating
heterogeneity parameters (see Tanner-Smith et al., 2016 for a discussion). We implemented
the CHE-RVE model in three steps.

In step 1, we identified an appropriate working model based on the features of our
sample, that is, whether there were correlated or hierarchical effects, or both. Both these types
of dependencies were present in our case. In the primary outcome analysis, eight studies had
both a correlated and hierarchical structure, nine had a purely hierarchical structure, 25 had a
correlated structure, and only eight had neither type of dependency (i.e., only one primary
outcome in one sample). The model requires a baseline value for the correlation between
pairs of effect sizes from the same study (p) to be specified. We followed Pustejovsky and
Tipton (2022) and used 0.6. We tested if our results were sensitive to lower (0.4) and higher
(0.9) values.

In step 2, we used the working model to estimate meta-regressions with a combination
of the clubSandwich (Pustejovsky, 2021) and metafor (Viechtbauer, 2010) packages for R.
The dependent variable was effect sizes based on either EF skills tests or on our secondary

outcomes. We used the c/ubSandwich package to specify the correlation structure between
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effect size estimates within studies. Then, we estimated the random-effects variance
components, inverse-variance weight matrices, and the meta-regression coefficients using the
restricted maximum likelihood (REML) procedure in the metafor package. With three
exceptions, all studies measured effects within two months of the end of intervention. As
stated in our protocol, we included an indicator for the three exceptions.

In step 3, we calculated confidence intervals based on the RVE standard errors
obtained from the clubSandwich package. These standard errors were adjusted for small-
sample bias as suggested by Tipton (2015) and Tipton and Pustejovsky (2015). We reported
95% confidence intervals for all analyses. As the results in Tanner-Smith and Tipton (2013)
and Tipton (2015) suggest that standard errors from the RVE procedure are unreliable when
the adjusted degrees of freedom are below four, we reported the degrees of freedom and
mention in text when they were below or close to four.

In the main effects-analysis, we estimated the weighted average effect size and its
confidence interval by using an intercept-only meta-regression where the coefficient on the
intercept is the weighted average. We used this model to estimate the heterogeneity statistics
as well. In the next section, we describe how we used moderator and subgroup analyses to
examine the heterogeneity.

Subgroup analysis and investigation of heterogeneity

We conducted moderator analyses to identify the characteristics of interventions,
participants, outcome measures, and studies that were possibly associated with smaller and
larger effects on the EF outcomes (i.e., we did not conduct moderator analyses for our
secondary outcomes). We used the CHE-RVE model and the same estimation procedure as in
our main effects-analysis and report 95% confidence intervals for all regression parameters.

We again included an indicator for follow-up outcomes in the moderator analyses.
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Confirmatory moderator analysis. In our pre-registered, confirmatory moderator
analysis, which corresponds to our second research question, we pooled all primary outcomes
and included the following moderators:

Indicators for intervention content domain: We included an indicator equal to one if
the intervention targeted maths content, and possibly other domains. That is, we contrasted
any maths with interventions targeting literacy and language. We also show a specification
where the maths indicator is equal to one for interventions targeting only maths, in which
interventions that targeted maths and other content domains where in the contrast group. We
chose this contrast because, as Clements et al. (2016) suggested, maths may have a more
direct connection to executive functions and maths interventions may therefore have larger
effect sizes. We planned to pool literacy and language interventions due to their overlap: On
the one hand, language skills influence children’s phonological awareness, which is a major
component in the development of literacy skills (Anthony & Francis, 2005), and language
comprehension is necessary for reading comprehension (Hoover & Gough, 1990). On the
other hand, improved literacy skills may improve language skills (Morrison et al., 2019;
Stanovich, 1986), and vocabulary interventions may affect language skills as well as for
example reading comprehension (Hjetland et al., 2017; Rogde et al., 2019). We therefore
expected substantial overlap in the targeted content domains among language and literacy
interventions, an expectation that turned out to be correct.

Indicator for school setting and age: We included an indicator for interventions
implemented in preschool (and in one study, both in preschool and in primary school). The
contrast was interventions implemented in primary and secondary school. The discussion in
the How the intervention might work-section indicated that the neural systems of younger
children are more plastic. Effect sizes may therefore be larger for earlier interventions than

later interventions.
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Indicators for executive function outcome measures: We developed three moderators
for outcome measures. An indicator for inhibitory control and attention outcomes, an
indicator for short-term and working memory outcomes, and an indicator for cognitive
flexibility outcomes. The reference group were outcomes based on measures of composite or
broader EF skills, such as self-regulation, self-control, and planning and problem-solving that
plausibly involve all core aspects of EF. Although the direction was not clear from our
theoretical discussion (e.g., because we do not know which language, literacy, and maths
skills transfer to what EF skill), the type of EF skill may moderate effect sizes.

An indicator for at-risk target groups: We included an indicator for interventions that
mainly targeted a group of children who were experiencing, or were at risk of, academic
difficulties. There had to be information that a majority of the participants were at risk. The
reference group was interventions targeting a mix of at-risk and not-at-risk children (no study
targeted high-achievers only), typically interventions where whole classrooms participated.
Peng and Kievit (2020) found a weaker bidirectional relationship between EF skills and
academic skills for at-risk than for not-at-risk students, motivating this contrast.

Because moderators may be correlated, we included all prespecified moderators in
one meta-regression.

Exploratory analyses. To explore additional possible explanations of heterogeneity
and examine the sensitivity of the confirmatory moderator analysis, we conducted
exploratory moderator analyses. We added the following, not prespecified, moderators one-
by-one to the final confirmatory model described above:

e (QES: an indicator for QES.
e Tutoring: an indicator for interventions with adult-led small-group instruction using
group sizes no larger than five students (e.g., Dietrichson et al., 2017; Nickow et al.,

2024).

39



e Physical activity: an indicator for interventions that included physical activity during
language, literacy, and maths instruction.

e Duration: a mean-centred, continuous variable measuring the duration of the
intervention in units of 10 weeks.

e Direct tests: an indicator for tests conducted with the child present (in contrast to e.g.,
teacher or parent assessments of child skills).

e Secondary average: a mean-centred, continuous variable measuring the average effect

size across secondary outcomes.

We added only one moderator at a time because the degrees of freedom where relatively
low for some moderators in the confirmatory analysis model. Nearly all studies provided
information for these moderators. A partial exception was the intervention duration, for
which we used the intended duration for most and imputed the received duration in the few
studies that did not contain information about the intended duration. Three studies did not
provide any secondary outcomes and we imputed the mean in these cases.

We found only three studies that used a placebo control condition, and we refrained
from including them in the moderator analyses. Similarly, we deemed that the number of
studies with relevant variation was too small to include interaction variables (e.g., between
intervention content and age).

Subgroup analysis: We also show results for more fine-grained definitions of subjects,
type of EF tests, and instructional methods. We used single-variable subgroup analysis to
estimate the weighted average effect size on end-of-intervention primary outcomes for
interventions targeting only language, only literacy, and only mathematics, and for the
following type of EF tests: inhibitory control and attention, working memory, short-term

memory, cognitive flexibility, and composite EF tests. As mentioned, the definitions of what
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is short-term memory and working memory tests are not consistent in the literature. For our
subgroup analysis, we used what we considered to be the majority opinion. In particular, we
coded forward digit span and similar tests as short-term memory tests. Lastly, we estimated
the weighted average effect size for four types of interventions, which were the most
frequently occurring in our data: tutoring, physical activity, CAl, and curriculum and
professional development. In all subgroup analyses, we used a similar CHE-RVE model as in
the primary analysis.

Heterogeneity and effective sample size: Lastly, we examined whether the observed
heterogeneity was reduced when we excluded studies with small effective sample sizes. The
within and between-study heterogeneity measures take sampling error into account (i.e., they
measure heterogeneity over and above sampling error). However, the sampling error may not
capture sources of uncertainty such as outcome measurement error (Hedges, 1981), or
baseline differences between the treatment and control group (Hedges, 1983). Even properly
conducted RCTs are only balanced in expectation, and there may be chance bias—random
baseline differences between treatment and control groups (Roberts & Torgerson, 1999).

Because both measurement error and baseline differences are more likely to create
heterogeneity within and between studies with small sample sizes, examining the relation
between the total heterogeneity and the effective sample size (i.e., sample size adjusted for
clustering) may be informative. If there is less heterogeneity in large studies, it may be an
indication that part of the heterogeneity is due to sources that are random and therefore not
explainable.

Sensitivity analysis

In order to explore the sensitivity of the main effects on our primary outcome, we

examined, as mentioned, sensitivity to our choices of ICC and p, and to individually assigned

grouped treatments. We also examined sensitivity to outliers, how we calculated SMDs, risk
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of bias, and to removing one study or group of studies at a time by the methods described
below.

Outliers. We examined the distribution of effect sizes for the presence of outliers. We
then Winsorized the outliers to the nearest non-outlier value (e.g., Lipsey & Wilson, 2001),
and re-ran the main effects-analysis.

Calculated standardised mean differences. We estimated SMDs with post-test SDs.
We checked the sensitivity of our results to this choice by calculating alternative SMDs
where the pre-test SDs were used. We also examined whether differences at baseline between
the treatment and control group affected our results by calculating pre-test “effect sizes”,
where we used the pre-test means and SDs to calculate g, and then used these effect sizes as
the dependent variables in the same specifications used for the main effects-analysis.

Two studies included only effect size information that allowed for the calculation of a
Glass’s delta. That is, an SMD where the standardisation is done with the control group SD.
We examined if excluding these two studies changed our results.

Risk of bias. We examined sensitivity to risk of bias by removing effect sizes from
the sample that received at least one rating of either ‘high’ or ‘serious’ risk of bias. We also
present an analysis including only RCTs because QES have a higher risk of confounding.

Leave-one-out estimates. To make sure that our results were not driven by a single
study, we re-estimated our main effects model repeatedly, leaving out each study from one
estimation. We also estimated a model without physical activity interventions. As discussed
in section Types of interventions, there was a risk that such interventions trained EF skills
directly.

Differences between protocol and review
The protocol stipulated that secondary outcomes had to be standardised in order to be

included (Dietrichson et al., 2022). However, a handful of studies reported exclusively non-
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standardised tests of the skills targeted in the intervention and in those cases, we chose to
code the non-standardised measures as well and included them in our analysis of secondary
outcomes.

We planned to search ProQuest Dissertations & Theses Global for dissertation.
However, at the time of the search, we no longer had access to this database.

We used AlscreenR (Vembye et al., 2024; Vembye, 2025) as a second screener after
switching to single-human screening, which was an extra safeguard not mentioned in our
protocol.

The protocol stated that we would double-code included studies, but did not specify
whether this meant included in the review or in the meta-analysis. To save resources, we did
not double-code studies that we could not use in the meta-analysis (the risk of bias
assessment of these studies were done by at least two review team members).

We did not specify in the protocol how to adjust studies that assigned treatment
individually and where the treatment was received in groups. We used unadjusted effect sizes
and variances in the primary analysis, and tested for sensitivity to this issue.

Lastly, the protocol stated that we would use TOT estimates if available and test
sensitivity to the inclusion of ITT estimates. There were so few studies with both ITTs and
TOTs that the planned sensitivity analysis was subsumed into other sensitivity analyses.

Results
Results of the search

Figure 1 describes the search and screening process using a PRISMA flow chart
developed by Page et al. (2021). The electronic database search yielded 18,730 potentially
relevant records after removing 7,926 duplicates. The title and abstract screening of these
records found 414 potentially relevant records. We were unable to retrieve the full texts for

eight of these records. Of the remaining 406, we included 43 records.
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The hand search, search for systematic reviews, reports and non-US literature,
working papers and conference proceedings, search for dissertations, forward and backward
citation tracking, contact to experts, and other sources (e.g., subscriptions to working paper
lists) yielded in total 18,851 potentially relevant records. In particular, the citation tracking
included many records (in total 12,917). Our protocol stated that we would put extra effort
into this part of the search, which is one reason for the large number of records. However, the
number is exaggerated in the sense that we did not remove duplicates (i.e., the number is the
total number of citations for forward citation tracking and the total number of references for
backward citation tracking). We included 391 of these records after screening on title and
abstract, and were able to retrieve all of them in full text. We included 36 records after
screening on full text.

FIGURE 1. Flow chart of the search and screening process
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Thus, in total we screened 37,581 records on title and abstract, and 797 on full text.
We included 79 records after full text screening. In the following, we refer to “studies” by
which we mean clusters of effect sizes that on the one hand were unlikely to be independent
from one another because they were obtained from the same intervention or same research
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study, and on the other hand were likely to be independent from other included effect sizes. A
study can contain multiple treatments and be reported in multiple records. The 79 included
records belonged to 72 studies.

Included studies

We coded all 72 studies. However, we were unable to include all of them in the meta-
analysis. We lacked the information to calculate effect sizes in three studies and 18 studies
were excluded because all outcomes received a critical risk of bias rating. We describe
common reasons for giving a critical rating in the Risk of bias in included studies-section
below. The rest of this section describes the 51 studies that were included in the meta-
analysis.

Figure 2 shows the number of studies included in the meta-analysis by year of
publication. The literature is quite recent: only two studies were published before 2000, and
the majority has been published after 2015. Although dominated by studies from the United
States (26), the studies were from a large and quite diverse set of countries: four from Italy,
three from Denmark, two from Australia, China, Germany, Iran, the Netherlands, and
Slovakia, and one each from Brazil, Lebanon, Norway, Spain, Sweden, and the United
Kingdom.

FIGURE 2. Number of studies included in the meta-analysis by year of publication

'S

Frequency

5]

2000 2010 2020
Publication year

45



Table 1 presents descriptive statistics for the 504 effect sizes that we included in the
meta-analysis. This number encompasses both primary and secondary outcomes, and the
table shows statistics based on the effect sizes.

We characterize the included effect sizes by the sample characteristics (sample size,
mean age, mean grade, and share of girls) and the variables that we included in our
confirmatory and exploratory moderator analyses. Some studies lack information about mean
age, mean grade, and share of girls from some of our studies (note that mean grade is missing
by definition for studies set in preschool). For all other variables, we have complete
information.

Most studies in our sample were small, with the median and mean sample size being
80 and 210.1, respectively. Interventions were often implemented in preschool or in the early
school years: the median and mean age of the participants were both around seven years, 22%
of effect sizes were from preschool interventions, and the median and mean grade in the
school interventions were both around 2.5. There were slightly fewer girls in our sample,
with the median and mean share being 47.8% and 47.2%.

A majority of effect sizes were from interventions that targeted at-risk children
(68.5%). Relatively few effect sizes came from interventions that targeted only language
(1.2%), whereas a larger proportion included language content alongside literacy or maths (in
total 27.0%). Literacy was targeted alone in 20.4% of effect sizes and an additional 23.4%
came from interventions that also targeted language or maths. Slightly more than half of the
effect sizes came from maths-only interventions (51.4%) and 62.7% from interventions that

included some maths content.
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TABLE 1. Descriptive statistics of effect sizes included in the meta-analysis

Variable
Sample size
Mean age
Mean grade
Share of girls
Preschool
At risk
Language
Literacy
Language and literacy

Language and
mathematics

Language, literacy and
mathematics

Mathematics only
Any mathematics
Primary outcome

Inhibitory
control/attention

Short-term and working

memory

Cognitive flexibility

Composite

Direct measure

QES

Tutoring

Physical activity

Duration

Effect sizes
504
441
395
483
504
504
504
504
504
504

504

504
504
504
504

504

504

504

504

504

504

504

504

Min
20
3.38
0.00
13.00

(== oS O o o o o

(= = = N =}

3.00

47

Max
2844
13.07
7.50
70.00
1

113.10

Median
80
6.89
2.50
47.80

(= N = = =)

15.00

Mean
210.1
7.335
2.516
47.106
0.216
0.685
0.012
0.204
0.157
0.036

0.077

0.514
0.627
0.440
0.151

0.200

0.046

0.044

0.986

0.062

0.583

0.131

22.180

SD
421.4
2.188
1.734
8.231
0.412
0.465
0.109
0.404
0.364
0.186

0.267

0.500
0.484
0.497
0.358

0.401

0.209

0.205

0.117

0.240

0.493

0.338

20.619



Tests of EF, our primary outcome, constituted 44.0% of the effect sizes. Tests of
short-term and working memory were most common (20.0% of the total number of effect
sizes/45.5% of EF tests), followed by tests of inhibitory control and attention (15,1%/34.3%).
Tests of cognitive flexibility (4.6%/10.5%) and tests of broader or composite EF skills
(4.4%/10.0%) were comparatively rare. Almost all effect sizes were derived from direct
measures (98.6%).

A large proportion of included studies were RCTs of tutoring interventions, only 6.2%
of the effect sizes came from QES and 58.3% came from tutoring interventions. A second
relatively common form of intervention was physical activity interventions, which constituted
13.1% of effect sizes. Lastly, the interventions varied substantially in terms of their duration,
the shortest was just three weeks and the longest 113.1 weeks. The median and mean were
15.0 and 22.2 weeks, respectively. Figure 3 shows the estimated probability densities of
effect sizes (g) from primary and secondary outcomes. Both densities indicate that there were
more positive than negative effect sizes, but this tendency was much more visible for the
secondary outcomes. The primary outcomes are centred slightly to the right of zero and there
are few effect sizes below -0.5 and above 0.5. The negative part of the distribution looks
similar for the secondary outcomes but there are many more effect sizes above 0.5 and
relatively many are above 1.0 (note that we excluded a few outliers in terms of primary

outcomes to make the figure more legible).
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FIGURE 3. Density plot of effect sizes from primary and secondary outcomes
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Excluded studies

Due to the large number of studies screened in full text, we were unable to describe
all excluded studies. In this section, we exemplify how we applied the inclusion criteria by
describing a selection of studies that met many of our inclusion criteria and that readers may
expect to be included but which did not meet all inclusion criteria.

We included studies with a treatment-control group design that compared one or more
treatments to a TAU or placebo condition with at least two units in each condition. We
excluded studies that compared two alternative treatments. Examples include Barner et al.
(2016), where the comparison group received three hours per week of supplementary maths
practice, and Lawton (2016), where the comparison group received linguistic word building
training. Because of language restrictions in the review team, only studies published in
English, German, Danish, Swedish and Norwegian were eligible. Examples of studies
excluded in the full text screening for language reasons were Herrera et al. (2007) and Toll
and van Luit (2014; note that this does not mean that they met all other criteria).
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Interventions had to target either language, literacy, mathematics, or combinations of
these domains. We did not consider for example computational thinking and chess training to
be mathematics interventions (e.g., Sala & Gobet, 2017; Scholz et al., 2008). Furthermore,
interventions were excluded if they trained EF skills directly, and not through training
language, literacy, and mathematics. Because regular preschool programs are likely to
include activities that train EF skills directly, we excluded studies comparing children
attending preschool to non-attending children (e.g., McCoy et al., 2017; Peisner-Feinberg et
al., 2017). For similar reasons, we also excluded studies of mindfulness and yoga
interventions (e.g., Bergen-Cico et al., 2015).

Studies had to include at least one pre-validated post-test of EF skills. Goldstein
(1976) provided perhaps the first test of whether a reading intervention affected memory
skills. However, the tests used by Goldstein 1976 were not pre-validated measures of
executive functions, and we excluded the study. Stebbings et al. (2020) used the Fluid
reasoning subtest of Woodcock-Johnson IV Tests of Cognitive Abilities. Although fluid
reasoning is related to executive functions, it is a more general cognitive skill than executive
functions (Diamond, 2013). We therefore excluded Stebbings et al. (2020).

Risk of bias in included studies

We excluded 18 studies from the synthesis because all outcomes received a critical
rating in at least one domain of ROBINS-I. All of these studies were QES, that is, there was
no RCT in which we assessed that the randomisation was no longer valid. As mentioned, we
also excluded two outcomes from one study due to very high attrition but other outcomes
from this study were included in the analysis. All except one of the QES received critical risk
of bias in confounding (the exception received critical in the deviation bias domain).
Common reasons for the critical rating were that there was little or no adjustment for

confounders, and that the assignment to treatment was not clearly described and there were
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large imbalances at baseline. It is important to note that the ratings are assessments of the risk
of bias, not actual bias, and that the ratings are not an assessment of a study’s value. Studies
can be very valuable, despite having too high risk of bias for our purposes.

In Figure 4 and 5, we used the R package robvis to visualize the risk of bias of the 221
primary outcomes included in the meta-analysis (McGuinness & Higgins, 2020; McGuinness
& Kothe, 2019). There were few secondary outcomes that received a different judgement than
the corresponding primary ones, so the table would look highly similar for secondary outcomes.

Figure 4 displays the risk of bias ratings in RCTs. No outcome received low risk of
bias in all domains. The main reason was that only four studies had a pre-specified analysis
plan, which is a necessary requirement for receiving low risk of bias in the selection of
reported results-domain. Outcomes from two studies were rated high risk of bias in this
domain due to indications in the published records that the reported outcomes were selected.
That is, for most studies we found no indications of selective reporting, although this was of
course difficult to assess given the lack of pre-specified analysis plans.

Most outcomes received some concerns in the measurement of the outcome-domain,
which was mainly due to either lack of information about whether assessors were blind to
treatment status or that the assessors knew treatment status, combined with a potential for
such knowledge to influence the outcome assessment. The high risk of bias ratings in this
domain were mostly because of a high risk of ceiling effects.

There were also relatively few outcomes that we rated low risk of bias in the
randomisation process-domain. Most studies lacked a description of the random sequence
generation. To receive a rating of some concerns, there also had to be signs of baseline
imbalances and thus a risk that the randomisation had gone wrong. As most studies were
small, it was however difficult to know whether baseline imbalances were due to chance or

were a sign that the randomisation had gone wrong. The deviations from intended
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interventions and the missing outcome data are split relatively evenly between low risk of
bias and higher ratings. The reasons for ratings higher than low in the former category were
mainly connected to problems with implementation fidelity or lack of information about
fidelity. In the latter domain, substantial and differential attrition, especially when coupled
with no formal tests of differential attrition, yielded some concerns or high risk of bias
ratings.

FIGURE 4. Risk of bias of primary outcomes included in the meta-analysis from RCTs
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Figure 5 displays the risk of bias judgements in QES. All outcomes in the four QES
that were included in the meta-analysis had serious risk of bias in the confounding-domain.

There was also no example of a pre-specified analysis plan, but otherwise no indications of



selective reporting. Risk of bias due to selection of participants, in the classification of
interventions, and due to deviations from intended interventions were rare, whereas most
outcomes had a moderate risk of bias due to missing data and in the measurement of
outcomes (for similar reasons as the RCTs).

FIGURE 5. Risk of bias of primary outcomes included in the meta-analysis from QES
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We included 222 effect sizes nested in 51 studies in the main effects-analysis of
primary outcomes. We found a statistically significant weighted average effect size of 0.14
(95% CI =[0.07, 0.22]) for outcomes measured at the end of intervention (henceforth,

significant refers to statistical significance only). The indicator of follow-up outcomes was
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small and not significant (f = -0.01, 95% CI =[-0.34, 0.32]). As mentioned, there were only
three studies with follow-up outcomes. This indicator was included in our analyses here (and
in the moderator analyses) but because of the small sample size, it was difficult to interpret
and we refrain from commenting on it in the following.

All absolute measures indicated substantial heterogeneity. The within (@ = 0.13),
between (z = 0.15), and total standard deviation (¢ = 0.20) were large in relation to the
average effect size. The Q statistic was strongly significant (Q = 458.7, p <0.0001). The
prediction interval for the end-of-intervention effect ranged between -0.26 and 0.55.
However, the I statistic, which measures how much of the total variance that is not due to
sampling error and is a relative measure of heterogeneity (Borenstein et al., 2017), was
relatively low: total I was 54.0% (within-study F° = 24.0%, and between-study ° = 30.0%).
That is, almost half of the total variance was estimated to be due to sampling error. A likely
reason was that most studies had small sample sizes.

These heterogeneity patterns can be seen in the forest plot shown in Figure 6. The
figure shows the effect sizes and 95% confidence intervals by study, arranged from the study
with the largest effect size to the smallest. The solid line is the estimated average weighted
effect size at the end of intervention and the dashed lines its 95% confidence interval. The
label on the right side shows the number of effect sizes and the weight of each effect size in

the main effects-analysis.
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FIGURE 6. Forest plot of primary outcomes
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Note: The figure shows all effect sizes and their 95% confidence intervals by study, the number of effect sizes in
each study (in parenthesis), and the average weight of each effect size. We abbreviated the study references to
the last name of the first author and the year of publication to make the figure more legible.

The heterogeneity, both between and within studies, is clearly visible in the figure.
The figure also indicates that there might be some outliers, which we examined further in the
next section. It is furthermore noteworthy that the confidence intervals are often wide and
very few individual effect sizes are significant. In particular, only two of the negative effect
sizes are significant. Because we were sometimes forced to use raw means instead of
covariate-adjusted estimates to be able to calculate effect sizes, our coding of the studies may
underestimate the precision of the estimates somewhat. Despite this underestimation, the
forest plot indicates that many studies with small sample sizes were underpowered to find
effects of similar magnitude to the average effect size.

In the analysis of secondary outcomes, we included 282 effect sizes nested in 48
studies (three studies did not report any secondary outcomes). We found a statistically
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significant weighted average effect size of 0.37 (95% CI = [0.24, 0.50]) for outcomes
measured at the end of intervention. The indicator of follow-up outcomes was not significant
(#=0.08,95% CI=1[-1.01, 1.16]) and, as in the analysis of primary outcomes, based on only
three studies. There was also large heterogeneity regarding the secondary outcomes. The
within (@ = 0.30), between (7 = 0.34), and total standard deviation (¢ = 0.46) indicated
considerable heterogeneity of the effect sizes. The Q statistic was strongly significant (Q =
1,351.8, p <0.0001). The prediction interval for the end-of-intervention effect ranged
between -0.56 and 1.31. The F statistic was larger than for the primary outcomes (82.7%).

The large effect size for end-of-intervention secondary outcomes was to some extent
driven by the inclusion of non-standardised tests. Including an indicator for non-standardised
secondary outcomes, we found a twice as large, albeit non-significant, effect for such tests (S
=0.37,95% CI=[-0.33, 1.07]). However, it was only in six studies that reported exclusively
non-standardised secondary outcomes that we were forced to use them, and the estimate for
standardised secondary outcomes was still large and highly significant (5 = 0.33, 95% CI =
[0.22, 0.44]). Most secondary outcomes were tests of language, literacy, and maths. However,
some were tests of non-EF cognitive skills (e.g., fluid intelligence). We included a moderator
for such tests, which yielded a non-significant coefficient of -0.24 (95% CI = [-0.56, 0.08]).
In this meta-regression, the average effect size for standardised tests of language, literacy,
and maths was 0.34 and highly significant (95% CI = [0.23, 0.46]).

In sum, we found positive and significant effects of language, literacy, and maths
interventions on end-of-intervention tests of EF skills, as well as on our secondary outcomes.
The effects were strongly heterogeneous for both primary and secondary outcomes. In the
next sections, we examine how sensitive the effects on primary outcomes are to changes to

our specifications and to publication bias. We then examine whether we can explain some of
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the heterogeneity by including moderators in our meta-regressions, by examining subgroups,
as well as the relation between heterogeneity and effective sample size.
Results of the sensitivity analyses

We examined how sensitive the estimate of the average effect on EF skills from the
primary analysis was to our choices of ICC and p, adjusting for individually assigned group
treatments, to outliers, how we calculated SMDs, risk of bias, and to removing one study or
group of studies at a time.

Using different values of ICC and p left our results virtually unchanged. Despite using
relatively extreme choices, 0 and 0.32, for studies that did not report information about the
ICC, the average effect size remained close to the primary analysis, 0.16 (95% CI = [0.08,
0.25]) and 0.15 (95% CI =[0.07, 0.22]), respectively. We obtained an estimate of 0.15 (95%
CI=10.07, 0.23]) when we imputed 0.11 for all studies (also the ones with information about
the ICC). The average effect size was 0.16 (95% CI =[0.08, 0.24]) with p = 0.4 and 0.13 with
p=0.9(95% CI=[0.07, 0.19]). Adjusting for individually assigned group treatments
increased the average effect size slightly to 0.18 (95% CI =[0.08, 0.28]).

We examined the distribution of effect sizes to find candidates for outliers. The
distribution in Figure 6 indicated that there were mainly outliers among the positive effect
sizes, where effect sizes around 1-1.5 and larger stand out. The studies finding effect sizes
over 1.0 are Dehghani et al. (2024), Boyer and Ehri (2011), Magistro et al. (2022), and
Messer and Nash (2018). In three of these studies, there were features that may explain the
large outcomes. In Boyer and Ehri (2011), the control group score worsened from pre to post-
test, which is uncommon. The standard deviations in Magistro et al. (2022) were calculated
from the standard errors of the mean, which are reported to only one decimal point. As it
makes a relatively big difference if the standard error is, for example, 0.05 or 0.14, the

estimates from this study were uncertain. Dehghani et al. (2024) had the largest effect sizes in
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our sample and was a small study (20 students in each group). It was harder to find a reason
for the one large value in Messer and Nash (2018; although that study was not large either, 45
and 33 students in the treatment and control group, respectively).

We therefore first Winsorized the three studies where we could find reasons for the
outlier-status to the next largest effect size (i.e., the one in Messer & Nash, 2018). We then
used a more data-driven approach and Winsorized effect sizes larger than three times the
interquartile range (Pustejovsky et al. 2025), which also included studies with negative
effects. The two procedures produced very similar results: the first yielded an estimate of
0.12 (95% CI1=1[0.06, 0.17]) and the second an estimate of 0.12 (95% CI=[0.07, 0.18]).

In the primary analysis, we estimated SMDs with post-test SDs. Using the pre-test
SDs instead yielded an average effect of 0.19 (95% CI =[0.09, 0.28]; based on the 45 studies
and 201 effect sizes for which we had information about the pre-test SD). Excluding the two
studies for which we could only calculate Glass’s delta did not change our results (5 =0.15,
95% CI =10.07, 0.24]). We also examined whether differences at baseline between the
treatment and control group might have affected our results. The “effect size” at pre-test was
small and non-significant (f = 0.01, 95% CI = [-0.04, 0.06]; based on the 39 studies and 174
effect sizes for which we had the requisite information).

Removing outcomes with high or serious overall risk of bias left 33 studies and 149
effect sizes in the sample. Because all QES had a serious risk of bias in at least one domain,
and no RCT had a low risk of bias in all domains, these effect sizes were from RCTs rated
some concerns in at least one domain. The average effect size in this sample was slightly
larger than in the primary analysis, 0.19 (95% CI =[0.07, 0.31]). We also removed outcomes
with high risk of bias by domain in ROB-2 (as there were only four QES, we did not conduct
this analysis for them). These removals changed the average effect size very little, it ranged

from 0.13-0.16 and was in all cases still significant. Using only the 210 effect sizes from the
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47 RCTs yielded a highly similar average effect size as in the primary analysis, 0.14 (95% CI
=10.06, 0.22]).

Figure 7 shows the results from an analysis where we leave out one study at a time, to
ensure that our results are not driven by a single study. The solid line shows the average
effect size at the end of intervention and the shaded green area shows the confidence interval
from the primary analysis. The black dots and lines are the effect sizes and confidence
intervals, re-estimated on a sample without the study mentioned in the left column. For most
studies, we obtained a higher average effect size and it was only for three of the studies,
which we discussed above in relation to outliers, that the estimate moved visibly downward.
However, these estimates were still reasonably close to the primary estimate. Moreover, all
estimates are significant and safely within the confidence interval from the primary analysis.

Lastly, we examined whether the average effect size was sensitive to our choice of
including physical activity interventions. Excluding these interventions and re-estimating the
primary analysis model on the remaining 43 studies and 168 effect sizes, we obtained an
average effect size 0of 0.13 (95% CI=[0.07, 0.19]).

In sum, the average effect size estimate from the primary analysis was robust in all

sensitivity analyses.
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FIGURE 7. Results of the leave-one-out analysis
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Note: The figure shows the leave-one-out estimates. The solid line shows the average effect size at the end of
intervention and the shaded green area shows the confidence interval from the primary analysis. The black dots
and lines are the effect sizes and confidence intervals, re-estimated on a sample without the study mentioned in
the left column. We abbreviated the study references to the last name of first author and year of publication to
make the figure more legible.

Assessment of publication bias

Figure 8 displays a funnel plot of the primary outcomes. The plot has the effect sizes
on the x-axis, and the adjusted standard errors of the effect sizes on the y-axis (the adjusted
standard errors are derived from the sample size only, see Chen & Pustejovsky, 2025). The
dashed, straight line represents the average effect size from the primary analysis. The dashed
diagonal lines represent 95% confidence limits around the average effect size. The shaded
triangles show whether effect size estimates are significant at the 10, 5, and 1 percent level,

respectively.
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In line with the previous analysis, the funnel plot indicates that there was substantial
heterogeneity in our data and that there are outliers. The plot is not strongly asymmetric, but
the Egger Sandwich test rejects the null of no association between the adjusted standard
errors and the effect size in a one-sided test at the 5% level (p = 0.023, one-sided test).

FIGURE 8. Funnel plot of primary outcomes
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Note: The figure shows the individual effect sizes (Hedges’ g) on the x-axis and the adjusted standard error on
the y-axis. The dashed, straight line represents the average effect size from the primary analysis. The dashed
diagonal lines represent 95% confidence limits around the average effect size. The shaded triangles show
whether effect size estimates are significant on the 10, 5, and 1 percent level, respectively.

The association indicates that smaller studies have larger effects. Although such an
association may arise for reasons that do not have anything to do with publication bias (see
e.g., Dietrichson et al., 2021, for a discussion in relation to school interventions), it calls for a
sensitivity analysis. We used the method suggested by Mathur and VanderWeele (2020),
implemented using the R package PublicationBias (Braginsky et al., 2023). We first assumed
that positive and significant studies were two times as likely to be found as other studies. This

assumption yielded an adjusted average effect size of 0.11 (95% CI = 0.05, 0.17). We then
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used a version of Mathur and VanderWeele’s (2020) “worst-case” scenario adapted to the
CHE-RVE model. This scenario simply removes all positive and significant effect sizes. Also
in the worst-case scenario, our estimated average effect size was positive and significant (f =
0.05, 95% CI=1[0.02, 0.08]).

In sum, we found some indications of potential publication bias in this literature.
However, our estimate of the average effect size remained positive and significant also under
very unfavourable assumptions about the nature and extent of this publication bias. The
funnel plot reaffirmed that the effect sizes we included were strongly heterogeneous. The
next two sections examine if we can explain some of this heterogeneity with observable
moderators.

Confirmatory moderator analysis

Table 2 presents the results from our pre-specified, confirmatory moderator analysis.
Column 1 contains the primary analysis estimate for easy reference. In column 2, we included
all the pre-specified moderators in one meta-regression. The intercept in this specification
was larger than in the primary analysis (0.24), but not significant. It represents the estimate
for end-of-intervention effect sizes from treatments that did not target maths, were set in
school and not in preschool, and were derived from composite EF skills.

No moderator was significantly associated with effect sizes. The coefficients on the
indicators for different types of EF skills test were all negative: the inhibitory control and
attention-tests was relatively large (-0.18). While smaller, the indicators for short-term and
working memory tests (-0.10) and for cognitive flexibility (-0.06) were also relatively
substantial in relation to the overall weighted average effect size. In all cases, the total

marginal effect (intercept plus coefficient) was positive.
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TABLE 2. Confirmatory moderator analysis

Variable @

Intercept 0.14
[0.07, 0.22]

Follow-up
Maths
Preschool
Inhibitory control
Memory

Cognitive flexibility

At risk

T 0.15
w 0.13
o 0.20

0))
0.24

[-0.03, 0.5]
-0.01
[-0.28, 0.26]
0.07
[-0.15, 0.29]
-0.01
[-0.22, 0.20]
-0.18
[-0.39, 0.03]
-0.10
[-0.29, 0.10]
-0.06
[-0.34, 0.23]

-0.02

[-0.17, 0.12]

0.19

0.12

0.23

df
15.3

1.5

30.9

21.0

4.0

8.5

3.6

4.7

Note: The sample size for each specification is 222 effect sizes nested in 51 studies. 95% confidence intervals in
brackets. The numbered columns show the coefficient estimates and the corresponding 95% confidence interval
(in brackets below the estimate). The Df-column reports the small-sample adjusted Satterthwaite degrees of

freedom.
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The indicator for interventions targeting maths was positive (0.07). Using an indicator
for targeting only math did not substantially change the results, the coefficient was then 0.08
(95% CI =[-0.12, 0.28]; not shown in table). The preschool indicator and the at-risk indicator
were both close to zero.

Lastly, as can be seen by the estimates of w, 7, and o at the bottom of the table, the
heterogeneity remained substantial.

Exploratory moderator analysis

Table 3 displays the results from the exploratory moderator analysis. We included the
moderators from the confirmatory model and then added additional moderators one-by-one to
preserve degrees of freedom. Overall, adding new moderators did not affect the moderators
from the confirmatory model much. The coefficients are stable across specifications in Table
3.

With the exception of the study-level average across secondary outcomes, all
associations between effect sizes and the added moderators were insignificant. A one
standard deviation larger effect on secondary outcomes was associated with a 0.28 standard
deviation larger effect on EF skills. Heterogeneity also remained substantial in all
specifications, and it was only when we added the average across secondary outcomes that
the total SD was visibly reduced (to 0.13).

However, the estimates of the indicators of QES (0.13), tutoring (0.08), physical
activity (0.16), and direct tests (0.09) were quite large in relation to the weighted average
effect. Also the estimate for duration (0.01), which was measured in 10-week units, seem
large enough to potentially be important. That is, the statistical insignificance might be an

issue of statistical power rather than substantive importance.
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TABLE 3. Exploratory moderator analysis

Variable 1) df 2) df 3) df “) df 5) df (6)
Intercept 0.22 18.3 0.20 18.7 0.18 15.5 0.24 18.7 0.17 9.9 0.23
[-0.05, 0.50] [-0.04, 0.45] [-0.15, 0.51] [-0.03, 0.50] [-0.11, 0.45] [0.01, 0.45]
Follow-up -0.01 1.3 -0.02 1.3 -0.01 1.3 -0.01 1.3 -0.01 1.3 0.01
[-0.28, 0.26] [-0.3,0.27] [-0.27, 0.25] [-0.28, 0.26] [-0.29, 0.27] [-0.33, 0.34]
Maths 0.08 29.3 0.09 28.7 0.06 28.1 0.06 29.1 0.06 28.6 0.05
[-0.16, 0.32] [-0.13, 0.30] [-0.16, 0.28] [-0.16, 0.28] [-0.17, 0.28] [-0.10, 0.20]
Preschool -0.04 17.8 -0.03 21.6 0.03 22.8 -0.01 21.5 -0.01 21.5 -0.05
[-0.29, 0.2] [-0.23, 0.18] [-0.16, 0.22] [-0.22, 0.19] [-0.23, 0.20] [-0.18, 0.07]
Inhibitory control -0.18 5.4 -0.18 5.4 -0.19 5.3 -0.18 5.4 -0.19 52 -0.17
[-0.39, 0.03] [-0.39, 0.03] [-0.4,0.02] [-0.39, 0.03] [-0.41, 0.03] [-0.37,0.02]
Memory -0.10 7.8 -0.10 7.8 -0.09 7.8 -0.09 7.9 -0.11 7.5 -0.09
[-0.29, 0.09] [-0.3,0.10] [-0.29, 0.10] [-0.29, 0.10] [-0.32,0.1] [-0.27, 0.09]
-0.06 59 -0.06 59 -0.06 59 -0.06 59 -0.06 5.8 -0.06
[-0.35, 0.23] [-0.34, 0.23] [-0.35, 0.23] [-0.35, 0.23] [-0.36, 0.23] [-0.32, 0.20]
-0.02 7.7 -0.04 7.3 0.02 4.5 -0.02 7.9 -0.02 7.4 0.01
[-0.17,0.13] [-0.19, 0.12] [-0.22, 0.26] [-0.17,0.12] [-0.17,0.13] [-0.09, 0.1]
QES 0.13 4.0
[-0.19, 0.45]
Tutoring 0.08 5.1
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[-0.04,0.21]

Physical activity 0.16 12.8
[-0.31, 0.62]
Duration 0.01 2.7
[-0.03, 0.04]
Direct tests 0.09 2.2
[-0.14, 0.33]
Secondary average 0.28
[0.06, 0.50]
T 0.19 0.19 0.21 0.19 0.20 0.04
1) 0.12 0.12 0.12 0.12 0.12 0.12
o 0.23 0.23 0.24 0.22 0.23 0.13

Note: The sample size for each specification is 222 effect sizes nested in 51 studies. The numbered columns show the coefficient estimates and the corresponding 95%
confidence interval (in brackets below the estimate). The Df-column reports the small-sample adjusted Satterthwaite degrees of freedom.
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In Table 4, we explore the effects on primary outcomes across subgroups defined by
subject, type of EF skill test, and intervention type. We restricted the analysis to end-of-

intervention tests only.

TABLE 4. Subgroup analysis

Subgroup n k ES 95% CI daf o
Language 2 5 0.13 [0.04, 0.21] 1.0 0.00
Literacy 10 21 0.17 [-0.18, 0.52] 8.8 0.45
Mathematics 26 143 0.17 [0.07, 0.28] 21.3 0.21
Inhibitory control 25 74 0.06 [0.00, 0.11] 12.8 0.04
Working memory 30 73 0.17 [0.07,0.27] 23.6 0.17
Short-term memory 16 24 0.33 [0.09, 0.57] 14.7 0.39
Cognitive flexibility 7 23 0.14 [0.01, 0.26] 4.9 0.18
Composite 8 20 0.19 [-0.04, 0.42] 6.2 0.25
Tutoring 25 86 0.16 [0.06, 0.26] 18.4 0.19
Physical activity 8 54 0.33 [-0.17, 0.82] 6.9 0.55
CAI 5 14 0.15 [-0.36, 0.65] 3.9 0.37
Curricullum and PD 8 31 0.12 [0.05, 0.2] 4.6 0.08

Note: The number of studies is denoted 7, and the number of effect sizes k. The estimates in the ES column and
the 95% confidence intervals (in brackets) come from an intercept-only, CH-RVE model estimated on a subset
of the data corresponding to the subgroup. The Df-column reports the small-sample adjusted Satterthwaite
degrees of freedom, and o is the total within and between study heterogeneity expressed in standard deviation
units.
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The weighted average effect sizes are positive for all single-subject interventions.
However, the estimate for literacy is not significant (albeit equally large as the one for
mathematics interventions). The language estimate is significant but based on two studies and
should be interpreted cautiously. Similarly, all estimates are positive for the different EF
skills test, and only the composite test is not significant. The estimate for inhibitory control
and attention tests is smaller and the estimate for short-term memory tests is larger than the
others. The estimates are again all positive for the intervention types, significantly so for
tutoring, and curriculum and professional development interventions. Both physical activity
and CAI were imprecisely estimated and exhibited substantial heterogeneity. This was the
case for most subgroups.

Heterogeneity and effective sample size

Figure 9 displays the relations between the total within and between-study
heterogeneity (o), the effective sample size, and the magnitude and precision of the weighted
average effect size among primary outcomes. The figure shows results from meta-
regressions, which progressively exclude studies with small effective samples (the x-axis
shows the cutoff used). On the y-axis, the weighted average effect size is shown in black, the
95% confidence interval of the effect estimate by the two grey dotted lines, and the total
within and between-study heterogeneity in red.

The figure shows that the weighted average effect size declines to 0.1 or slightly
below once very small studies are omitted. Thereafter, the effect size is stable. The
confidence interval gets progressively wider but the change is modest and the weighted
average effect size is significantly different from zero until we required the effective sample
size to be more than 300. At that point, the number of included studies in the meta-regression
is seven. The total heterogeneity is clearly larger than the weighted average effect size when

the meta-regressions include all or most of the studies. However, in contrast to the weighted
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average effect size, the total heterogeneity is drastically reduced, starting when we include
only effective sample sizes larger than 90. It is below 0.05 for effective sample sizes larger
than 110. For large effective sample sizes (around 200 and over), the total heterogeneity is
close to or at zero.

FIGURE 9. Heterogeneity and effective sample size

Note: The y-axis shows the estimated weighted effect size (black line), the total heterogeneity (red line), and the
95% confidence interval of the estimated weighted effect size in standard deviation units (dotted grey lines).
The x-axis shows the cutoff for the effective sample size used in the meta-regression corresponding to the
cutoff. Note that the x-axis does not have equal increments at large effective sample sizes. The reason is that no
study had an effective sample between, e.g., 210 and 300.

The results provided support for the idea that a relatively large part of the
heterogeneity found in our analyses was due to studies being small and therefore affected by
random factors. Such factors are likely unrelated to the intervention and unlikely to be
explainable. It is furthermore noteworthy that the reduction of the heterogeneity did not seem
to be due to the setting, study designs, and interventions becoming homogeneous when
effective sample sizes become large. For example, the eight studies included in the meta-
regression of studies with effective sample size larger than 210 (when the estimated total

heterogeneity was zero) included studies from the US, Lebanon, and Norway, set in
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preschool and school, that examined interventions including curriculum changes,
coaching/professional development, tutoring and medium-group instruction, and physical
activity programs, and targeting math, language and math, language and literacy, or all three
skills.

Discussion
Summary of main results

Summarizing our findings by research question, we can answer the first question
affirmatively. Preschool and school-based language, literacy, and mathematics interventions
have robust and statistically significant average effects on measures of EF. We found a
weighted average effect size of 0.14. The estimate was relatively precise, the 95% confidence
interval ranged from 0.07 to 0.22.

To put the magnitude in perspective, Kassai et al. (2019) found an (insignificant)
effect of 0.11 of treatments directly training specific EF skills on other, untrained EF skills.
Although it is difficult to make fair comparisons of effect sizes across reviews, Kassai et al.
(2019) included reasonably similar outcomes and study designs as we did (although with a
larger proportion of active control groups). Less closely related, the magnitude is larger than
the overall median effect size of 0.10 in a large set of RCTs with outcomes measured by
standardised tests in mathematics and reading reported by Kraft (2020), and would be
categorized as a medium effect size by Kraft’s benchmarks. As one reason to implement
interventions is to reduce skill inequalities between children, it may also be interesting to
compare the effect to, for example, differences between high and low-SES groups. On similar
EF tests to the ones we included, these differences ranged between 0.06 and 0.46 in Last et al.
(2018) and Cuartas et al. (2022). These comparisons indicated that our average effect size

was not only statistically significant, but also substantial.
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We found large heterogeneity of the effect sizes. To answer our second research
question, we used meta-regressions to examine how effect sizes varied across a set of pre-
registered moderators: the subject of the intervention, whether the intervention was conducted
in preschool or school, the type of EF measured, and the at-risk status of participants.
Including these moderators did not reduce the heterogeneity. We found virtually no
reductions of the heterogeneity statistics and no significant moderators in this confirmatory
analysis, although in particular the estimate for inhibitory control and attention tests was
large.

To answer our third research question, we conducted exploratory moderator analyses
by adding (one by one) the following moderators to our confirmatory meta-regression
specification: indicators for QES, tutoring interventions, physical activity interventions,
direct tests, and mean-centred variables measuring intervention duration and the study-
average across secondary outcomes. With the exception of study-average across secondary
outcomes, none of these moderators were significantly associated with effect sizes. Larger
effects on secondary outcomes were associated with larger effects on EF skills. Furthermore,
only the inclusion of the study-average across secondary outcomes yielded a substantial
reduction of heterogeneity. Our subgroup analysis indicated that the positive effects were
broadly present across subgroups defined by subject, type of EF test, and intervention type,
and that heterogeneity was typically substantial also within subgroups.

One reason for the substantial heterogeneity might be that many studies were small.
Small studies may be more affected by random factors (e.g., measurement errors, baseline
differences), which create variation that is captured by the heterogeneity statistics but are
unlikely to be related to the intervention or be explainable by moderators. We found quite
drastic reductions of the total within and between-study heterogeneity when we progressively

restricted the sample to studies with large effective sample sizes. The estimates of the
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weighted average effect size were slightly reduced, but stayed close to 0.1 in all meta-
regressions and retained statistical significance until we were down to very few studies.
These results support the idea that important parts of the heterogeneity have random sources.

Our fourth research question concerned the effects of the interventions on secondary
outcomes, mainly standardised tests of language, literacy, and mathematical skills but also
some tests of other cognitive skills (e.g., intelligence tests, processing speed). We found a
positive and strongly significant weighted average effect size of 0.37 (0.33 for standardised
tests of language, literacy and maths skills). This effect was large in comparison to effects
normally seen in educational interventions (Kraft, 2020), and comparable to the average
effects of tutoring or small-group interventions (e.g., Dietrichson et al., 2017, Dietrichson,
Filges et al., 2020, 2021; Kraft et al., 2024; Nickow et al., 2024). This result was not all too
surprising since a majority of effect sizes in the meta-analysis came from tutoring
interventions. However, that the included interventions had strong effects on what was
typically the primary target of the intervention may mean that other educational interventions,
which have less strong effects on academic skills, might not produce similar effects on EF.
Overall completeness and applicability of evidence

Although around half of our studies were from the United States, 14 other countries
contributed studies to the meta-analysis. These countries were diverse in terms of geography.
We included studies from Europe, the Middle East, East Asia, Oceania, and North and South
America. The countries were high income, upper middle income, and lower middle income
according to the World Bank (2025) classification. However, high income countries were
clearly overrepresented and more research from other types of countries is needed.
Furthermore, we only included studies published in English, German, Danish, Swedish and
Norwegian due to language restrictions in the review team. Studies from countries where

these languages are not used may therefore be underrepresented in our review. Nonetheless,

72



we included studies from many countries with other first languages than the ones understood
by the review team (Brazil, China, Iran, Italy, Lebanon, the Netherlands, Slovakia, and
Spain).

We aimed to include interventions with participants in both preschool and school,
without restricting either the type of participants or the type of interventions further. Our
sample covered a broad range of participants in both preschool and school, but studies set in
school and interventions including only students experiencing, or at risk of experiencing,
academic difficulties were the majority. Although the effects were not significantly different
across these characteristics, our results are less representative of preschool interventions and
student groups that are not at risk, or that are high-achieving. We included many different
types of interventions but the majority used some form of (adult-led) tutoring. Interventions
involving physical activity were also relatively numerous. We found no evidence of
significantly different effects of these two types of interventions, but our sample was likely
not sufficiently large to estimate differences between intervention types with adequate
statistical power.

In terms of intervention content, we included interventions targeting language,
literacy, and maths. All content areas were represented in our review, but relatively few
interventions targeted only language and a majority of studies included some form of maths
training. We included a range of EF outcomes, which we bundled into four categories in the
moderator analysis: tests of inhibitory control and attention, short-term and working memory,
cognitive flexibility, and tests of broader or composite EF skills like self-regulation,
emotional control, and planning. The first two categories were most common in our data.
Quality of the evidence

Our meta-analyses were based on a considerable amount of data, comprising 51

studies. Our main effects-estimates were precisely estimated and robust across all sensitivity
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analyses. We found some evidence of small-study effects, which may indicate publication
bias but could also be a consequence of the heterogeneity or of large effects being easier to
obtain in small studies. Regardless, our estimates were not sensitive to publication bias and
were still positive and significant also in a “worst-case” scenario (Mathur & VanderWeele,
2020) where we removed all positive and significant effect sizes from our sample.

The sample contained a large proportion of RCTs. Although the effects were on
average larger in the four QES we included in the meta-analysis, the difference was not
significant and our results were not driven by the QES. The overall risk of bias rating was
relatively high, and no outcome received a low risk of bias rating in all domains. The main
reason for the RCT’s was the lack of pre-specified analysis plans. The confounding domain
was the main problem for QES, all received a serious risk of bias rating in this domain.
However, when we confined the analysis to outcomes from RCTs with one or more ratings of
some concerns, the effects were slightly larger than in the primary analysis and still highly
significant.

We found very few studies that measured outcomes with follow-up tests after the end
of intervention. Thus, we do not know if the effects will fade out, like the effects of most
educational interventions (e.g., Bailey et al., 2020; Dietrichson et al., 2026, Hart et al., 2024).

Most studies in our sample were small. The median across effect sizes was only 80
children. Because some studies assigned treatment on the class or school level, even this
number is an exaggeration of the effective sample size. Consequently, very few effect sizes
were individually significant in our sample and almost all studies did not have adequate
statistical power to find effects similar in magnitude to the estimated average effect size.

As expected with small samples sizes across studies, we observed considerable
heterogeneity, much of which could be explained by sampling error. However, the within and

between-study parts of the heterogeneity was also substantial and, for the most part, remained
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unexplained in our moderator analyses. Because we included many types of interventions and
outcomes, within and between-study heterogeneity is, at least to some extent, to be expected.
However, we found few strong moderators whereas our analysis of the relation between
heterogeneity and effective sample size indicated that some of the heterogeneity might have
random sources. Nevertheless, the inconsistency of effects and the lack of significant
moderators meant that it was not possible to identify certain types of interventions that were
more effective than others as to improving EF skills.

Potential biases in the review process

Our results rest on a large search and screening effort. Our database search included
18,729 records and we put a lot of effort into searching other sources, which included 18,850
records. Despite the comprehensiveness of the search and screening, there were issues that
may have caused bias. The search string included a facet related to the outcomes (i.e., EF
tests). We included this facet since pilot searches indicated that the number of hits would
otherwise far exceed what the review team was able to handle and would have included a
large proportion of irrelevant records. This restriction means that we risked missing relevant
records because they did not mention the outcome in the title or abstract, or because they
were not indexed with the relevant subject terms.

However, for the following reasons, we believe this risk to be sufficiently low to
motivate the restriction: First, it is typically costly to test EF. For example, standardised tests
of working memory often require that the tests are conducted by certified psychologists.
Second, testing executive functions is relatively unusual and therefore often an important part
of a study. Thus, for these two reasons, researchers may be more likely to mention these
outcomes in the abstract compared to other types of tests. Finally, as mentioned earlier, we
made extra efforts especially regarding backward and forward citation tracking, and we

contacted several experts in the field, who had either conducted studies we included or

75



written reviews about similar topics. Thus, we should only have missed studies that we did
not find in the database search, that did not cite and were not cited by other relevant studies
and reviews, and that were unknown to experts in the field.

Because of the proliferation of synonyms for EF and that the outcomes were typically
not the primary outcomes of the studies, the screening and coding were complex.
Furthermore, the review team included many persons. To mitigate the risk of bias from these
features, we had regular and frequent meetings both during the screening and coding process.
We used AlscreenR as a second screener after switching to single-human screening, which
was an extra safeguard not mentioned in our protocol. Furthermore, especially at the start of
the process, we checked full texts also of abstracts that did not clearly mention EF tests to
make sure that they did not test EF anyway. The fact that reaching out to experts in the field
did not yield any studies that we had not already screened may serve as some evidence that
we managed to mitigate the risk of missing relevant studies.

To increase consistency of the coding and data extraction, the first and second author
was one of at least two review team members that assessed and coded each study (except for
Seerup et al., 2025, which was coded by a review team member and an external colleague,
who were not co-authors of that study). The first author was one of at least two team
members that extracted data from every study.

Our protocol specified that we would also search ProQuest Dissertations & Theses
Global. However, at the time of the search, we no longer had access to this database. No
dissertation, neither from the search of EBSCO Open Dissertations nor from the other
electronic databases, which also included dissertations, was included in our meta-analysis.
Thus, we believe that this deviation was unlikely to bias our results. Similarly, the number of
potentially relevant studies that we could not retrieve was small (eight, less than one percent

of the studies screened in full text). Potentially more problematic was the three studies that
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we could not include in the meta-analysis due to lack of information needed to calculate
effect sizes. However, to move our primary estimate substantially, the effects in these studies
would have to be outliers.

Agreements and disagreements with other studies or reviews

To the best of our knowledge, there is no other meta-analysis of the effects of
language, literacy, and maths interventions on EF skills. That is, there is no direct comparison
to the average effect size from our primary analysis. Narrative reviews like Clements et al.
(2016) and Peng and Kievit (2020) have suggested effects in the direction that we found. The
tendencies of stronger associations between maths and EF in Clements et al. (2016) and that
effects were smaller for at-risk children in Peng and Kievit (2020) were not robustly
replicated in our data. Maths interventions had larger effects than language and literacy
interventions but the difference was not significant, and the at-risk indicator was typically
negative but always close to zero.

Reviews of physical activity interventions, which often include components training
academic skills, have found either null effects or positive effects on cognitive skills (Alvarez-
Bueno et al., 2017; Jylanki et al., 2022; Mavilidi et al., 2022; Muir et al., 2023; Norris et al.,
2020; Peiris et al., 2022; Ruhland & Lange, 2021; Vasilopoulous et al., 2023). None of these
reviews included a meta-analysis of language, literacy, and maths interventions on EF
outcomes. As the null effects might have been caused by lack of statistical power, these
reviews did not contradict our results.

Our results that training academic skills on average improved EF were in line with
meta-analyses and reviews finding effects of years of schooling and preschool programs on
broader measures of cognitive skills (Dietrichson, Kristiansen, & Viinholt, 2020; Duncan et
al., 2023; Duncan & Magnusson, 2013; Ritchie & Tucker-Drob, 2018; van Huizen &

Plantenga, 2018). The results were also in line with positive effects of Direct Instruction
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interventions on cognitive skills (Stockard et al., 2018). That is, our results contribute to a
large and growing body of evidence that domain-general cognitive skills like EF are
malleable and are, on average, positively affected by educational interventions.
Implications for practice and policy

The main finding of this review was that preschool and school-based language,
literacy, and mathematics interventions have positive, robust, and statistically significant
average effects on measures of EF. A straightforward implication of our results is that
preschools and schools should continue to conduct language, literacy, and mathematics
interventions. The motivation to conduct such interventions and implement policies that
support them is stronger than they would be, had the effects been confined to academic skills.

It is important to note that although we found many examples of negative effect sizes,
only two of them were statistically significant. As such, we found no robust evidence of
language, literacy and maths interventions having negative effects on EF. With many small
studies and an average effect size of 0.14, it would be very surprising, for statistical reasons
alone, if there were no negative estimates. Our examination of the relation between
heterogeneity and effective sample sizes also indicated that a substantial part of the
heterogeneity may have random sources. Furthermore, we are not aware of any theory
predicting negative effects on EF when training academic skills. However, based solely on
our review, we cannot definitively establish whether all negative effect size estimates stem
from sampling error and additional random sources, or if some types of academic skill
interventions could negatively affect EF.

The implications for what type of interventions that should be implemented, and
whether they should include components that also, or only, train EF are less straightforward.
In the absence of robust evidence of larger effects of any type of intervention on EF skills,

implementing interventions that have large effects on language, literacy, or maths seem like a
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good choice — at least for target groups that have difficulties with those subjects. There is
extensive and robust evidence that some interventions can substantially improve language,
literacy, and maths (see e.g., Baye et al., 2019; Dietrichson et al., 2017, 2020a, 2021; Fryer,
2017; Neitzel et al., 2022; Pellegrini et al., 2021; Slavin et al., 2011, for reviews comparing
intervention types). That the association was positive and significant between the study-level
average effects on secondary outcomes and the effects on EF, supported this implication.

For preschools and schools wondering whether to include EF training or not in an
intervention, our results have less bearing. Our results do not provide evidence of whether
combining EF and academic skills training is better or worse than just training academic
skills, or, for that matter, evidence against EF training in general. As discussed in the
introduction, the evidence of transfer effects of EF training to academic skills is not robust.
However, most studies of EF training, the vast majority of which have examined working
memory training, have relied on domain-general tasks (Fuchs et al., 2016). Domain-specific
EF training could be more fruitful and there may be synergies created by combining EF and
academic skills training (e.g., Doebel, 2020; Fuchs et al., 2022; Peng & Swanson, 2022).
Furthermore, the end-of-intervention effects of EF training on the trained EF skill are robust.
For children whose primary difficulty is EF, an EF-only or EF and academic skills training
program might be the best option but more research is needed on what program to give to
which children and how to combine EF and academic skills training.
Implications for research

Our review has some implications for future research. The results were in line with
theories predicting bidirectional or reciprocal effects between EF and academic skills (e.g.,
Castles et al., 2018; Clements et al., 2016; Connor, 2016; Peng & Kievit, 2020), or theories
that emphasise the unidirectional relationship from academic skills to EF skills (Demetriou et

al., 2014; Gathercole et al., 2019). The results also provide evidence against theories
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predicting unidirectional effects from basic or domain-general cognitive skills like EF to
academic skills.

Our review did not identify the mechanisms through which academic skills training
affect EF. However, some of our results may have bearing on the question of mechanisms.
The included interventions differed greatly in their duration. We were not able to calculate
the number of intervention hours for a relatively large proportion of interventions but they
ranged from 1.6 hours to 640 hours for the ones with information, and were highly correlated
with the duration (0.76). That the association between intervention duration and effect sizes
was not significant might be therefore be evidence that the mechanism through which
language, literacy, and maths interventions affect EF is not only that neurocognitive skills
like EF develop when they are used. That is, if this was the only mechanism, we would have
expected larger effects in longer interventions that include more practice and a stronger
association between duration and effect sizes.

Mechanisms that posit that training academic skills create new cognitive routines or
increase domain-specific knowledge has a more ambiguous relation to the duration but would
likely imply a more positive effect on EF from interventions that increase academic skills
more. We found an association in this direction. More studies that are able to identify
mechanisms are needed and would be very valuable — both for the development of theory and
better interventions.

We were unable to explain much of the heterogeneity between and within studies, and
most of our moderators were not statistically significant. Several of the moderators were not
precisely estimated null effects and it might be the case that some types of interventions have
larger effects on EF skills, and that some EF skills are more responsive to academic skill

training than others.
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Most studies that we included in our analysis were RCTs and we believe that the
random assignment of treatment and the controlled nature of RCTs are beneficial features for
testing these types of questions. To learn more about which interventions that have effects on
which EF skill, future studies could incorporate three additional features: First, pre-registered
analysis plans. Second, larger samples to improve statistical power. Third, testing alternative
treatments against one another in the same study and on the same outcomes. However, there
may be a conflict between incorporating larger samples and keeping implementation fidelity
high. Therefore, medium-sized studies with high fidelity that can later be meta-analysed
would also be valuable, even if they are underpowered.

As discussed in the previous section, our review did not answer the question of which
type of skill training — EF or academic skills — that should be prioritized, or whether this
prioritization should differ depending on the target group. The preferred study design for
answering such questions would be to include treatments that train academic skills only, EF
skills only, and combinations of academic and EF skill training alongside a control condition.
Such multi-treatment designs are obviously difficult to implement (Fuchs et al., 2022 is the
one example we are aware of), especially if sample sizes should be large enough to estimate
differences with high precision. But, as mentioned, small studies may have a fidelity
advantage and can be combined using meta-analysis, and studies including fewer contrasts
would also move the literature forward (see Ahmadi et al., 2023; Barnes et al., 2016;
Clements et al., 2020; Dolan et al., 2022; Fuchs et al., 2016; Goodrich et al., 2023;
Kroesbergen et al., 2012; Kuhn & Holling, 2014; Passolunghi et al., 2016; and Ramani et al.,
2017, for examples of studies that contrast an academic skills training condition to an EF

training condition, or to a combination of EF and academic skills training).
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Online Appendix A: Search documentation

This appendix provides documentation of our searches. First, we provide the full searches
and results per electronic database. Second, we provide documentation for the searches of
other sources: hand searches of relevant journals; searches for dissertations, working
papers/conference proceedings, reports and non-US literature, and systematic reviews;
backward and forward citation tracking; and contacts to experts in the field.

Electronic database search
ERIC

(EBSCO)

(1800 - current)

Searched 14.4.2023

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Search History
# Query Results
S23 S3 AND S6 AND S14 AND S18 AND S22 5,821
S22 S19 OR S20 OR S21 230,025
S21 DE ("Randomized Controlled Trials" OR "Quasiexperimental Design") 6,133
S20 AB (trial* OR experiment* OR intervention* OR treatment* OR “control group*” 219,325

OR “compar* group*” OR randomiz* OR randomis* OR “random-assign*” OR
“random* assign* OR “quasi-experiment*” OR “quasiexperiment®™’ OR
“instrumental variable*" OR “regression discontinuity”” OR “difference-in-
difference*” OR “differences-in-difference*” OR “difference* in difference*” OR
“event stud*” OR “event-stud*” OR matching OR “propensity score” OR case-
control* OR “case control*”)

S19 TI (trial* OR experiment® OR intervention* OR treatment* OR “control group*” OR | 45,810
“compar* group*”’ OR randomiz* OR randomis* OR “random-assign*”’ OR
“random* assign®* OR “quasi-experiment*” OR “quasiexperiment®™”’ OR
“instrumental variable*" OR “regression discontinuity” OR “difference-in-
difference™” OR “differences-in-difference*” OR “difference* in difference*” OR
“event stud*” OR “event-stud*” OR matching OR “propensity score” OR case-
control* OR “case control*”)

S18 S15 OR S16 OR S17 135,983

S17 DE ("Executive Function" OR "Inhibition" OR "Short Term Memory" OR "Self 45,190
Management" OR "Attention" OR "Concept Formation" OR "Goal Orientation")
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S16

AB ("executive function*" OR “impulse control” OR “emotion* control” OR
“emotion* regulat*” OR “flexible thinking” OR “working memory” OR “working-
memory” OR “self monitor*” OR self-monitor* OR “task initiation” OR ((“problem
solving” OR problem-solving) AND (task OR test OR score)) OR "concept
formation" OR "goal orientation" OR goal-orientation OR (planning® AND prioriti*
AND (organis* OR organiz*)) OR "self regulat*" OR self-regulat* OR attention* OR
inhibition* OR “inhibitory control” OR “short-term memory” OR “short term
memory” OR “immediate memory” OR “verbal memory” OR “nonverbal memory”
OR “delayed recall” OR delayed-recall OR “free-recall” OR “free recall” OR “serial-
recall” OR “serial recall” OR “associative recall” OR associative-recall OR cogniti*
flex* OR cogniti* refl* OR cogniti* control OR shifting OR set-shifting OR “effortful
control” OR “self-control” OR “self control” OR “adaptable thinking” OR “task
switch* OR “self management” OR self-management)

104,958

S15

TI ("executive function*" OR “impulse control” OR “emotion* control” OR
“emotion* regulat*” OR “flexible thinking” OR “working memory” OR “working-
memory”” OR “self monitor*” OR self-monitor* OR “task initiation” OR ((“problem
solving” OR problem-solving) AND (task OR test OR score)) OR "concept
formation" OR "goal orientation" OR goal-orientation OR (planning® AND prioriti*
AND (organis* OR organiz*)) OR "self regulat*" OR self-regulat* OR attention* OR
inhibition* OR “inhibitory control” OR “short-term memory” OR “short term
memory” OR “immediate memory” OR “verbal memory” OR “nonverbal memory”
OR “delayed recall” OR delayed-recall OR “free-recall” OR “free recall” OR “serial-
recall” OR “serial recall” OR “associative recall” OR associative-recall OR cogniti*
flex* OR cogniti* refl* OR cogniti* control OR shifting OR set-shifting OR “effortful
control” OR “self-control” OR “self control” OR “adaptable thinking” OR “task
switch* OR “self management” OR self-management)

17,074

S14

S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13

803,780

S13

DE (“Early Childhood Education” OR “Kindergarten” OR “Preschool Education” OR
“Preschools” OR “Primary Education” OR “Elementary Education” OR “Elementary
Schools” OR “Secondary Education” OR “Secondary Schools” OR “Grade 1” OR
“Grade 2” OR “Grade 3” OR “Grade 4” OR “Grade 5” OR “Grade 6” OR “Grade 7”
OR “Grade 8” OR “Grade 9” OR “Grade 10” OR “Grade 11” OR “Grade 127)

419,342

S12

AB childhood N1 (education OR program* OR care OR initiativ* OR development*)

13,463

S11

TI childhood N1 (education OR program* OR care OR initiativ* OR development*)

5,335

S10

AB (“primary education” OR “secondary education” OR school* OR preschool* OR
pre-school* OR kindergart* OR childcare OR "child* care" OR daycare OR “day
care” OR pre-primar®* OR “pre primar*” OR "early education" OR pre-K OR “pre K”
OR prekindergart* OR pre-kindergart* OR nurser* OR “reception class”)

595,039

S9

TI (“primary education” OR “secondary education” OR school* OR preschool* OR
pre-school* OR kindergart* OR childcare OR "child* care"” OR daycare OR “day
care” OR pre-primar®* OR “pre primar*” OR "early education" OR pre-K OR “pre K”
OR prekindergart* OR pre-kindergart* OR nurser* OR “reception class”)

235,289
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S8

AB ((grade* N1 (1OR20OR3OR4OR50R60OR70R80OR9O0OR 100R 11 OR
12)) OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR
eighth OR ninth OR tenth OR eleventh OR twelfth) N1 grade*))

101,246

S7

TI ((grade* N1 (1 OR2OR3 OR4ORS5OR6 OR70R8OR9OR 100R 11 OR
12)) OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR
eighth OR ninth OR tenth OR eleventh OR twelfth) N1 grade*))

19,533

S6

S4 OR S5

711,860

S5

AB (reading™® OR math* OR languag* OR literac* OR numerac* OR number* OR
geometr* OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR
subtraction®™ OR multiplication* OR division* OR statistics* OR probability* OR
calculus* OR combinatoric* OR computation®* OR calculation* OR counting* OR
“word problem*” OR “word-problem*” OR measurement* OR comprehension®* OR
decod* OR “word identification*” OR “word-identification” OR fluency OR phonic*
OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary OR
alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR
blending OR segmentation OR grammar OR syntax OR syntactic OR morpholog*)

684,652

S4

TI (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR
geometr* OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR
subtraction®* OR multiplication* OR division* OR statistics* OR probability* OR
calculus* OR combinatoric* OR computation®* OR calculation* OR counting* OR
“word problem*” OR “word-problem*” OR measurement* OR comprehension®* OR
decod* OR “word identification*” OR “word-identification” OR fluency OR phonic*
OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary OR
alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR
blending OR segmentation OR grammar OR syntax OR syntactic OR morpholog*)

231,988

S3

S1 OR S2

1,083,142

S2

AB (student* OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR
teenage* OR young*)

1,055,363

S1

TI (student® OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR
teenage* OR young*)

405,320

APA Psyclnfo

(EBSCO)

(1800 - current)
Searched 26.4.2023

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase
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Search History

#

Query

Results

S23

S3 AND S6 AND S14 AND S18 AND S22

8,496

S22

S19 OR S20 OR S21

1,599,133

S21

DE "Randomized Controlled Trials" OR DE "Quasi Experimental Methods"

1,471

S20

AB (trial* OR experiment* OR intervention®* OR treatment™ OR “control group*” OR
“compar* group*” OR randomiz* OR randomis* OR “random-assign*” OR “random*
assign*" OR “quasi-experiment®” OR “quasiexperiment™*” OR “instrumental variable"*
OR “regression discontinuity” OR “difference-in-difference*” OR “differences-in-
difference*” OR “difference* in difference*” OR “event stud*” OR “event-stud*” OR
matching OR “propensity score” OR "case-control*" OR “case control*”’)

1,551,033

S19

TI (trial* OR experiment* OR intervention® OR treatment™® OR “control group*” OR
“compar* group*” OR randomiz* OR randomis* OR “random-assign*”” OR “random*
assign*" OR “quasi-experiment®” OR “quasiexperiment™*” OR “instrumental variable"*
OR “regression discontinuity” OR “difference-in-difference*” OR “differences-in-
difference*” OR “difference* in difference*” OR “event stud*” OR “event-stud*” OR
matching OR “propensity score” OR "case-control*" OR “case control*””)

332,656

S18

S15 OR S16 OR S17

606,059

S17

(((((((((DE "Executive Function" OR DE "Cognitive Control" OR DE "Set Shifting"
OR DE "Task Switching") OR (DE "Attention")) OR (DE "Short Term Memory")) OR
(DE "Proactive Inhibition")) OR (DE "Self-Management")) OR (DE "Concept
Formation")) OR (DE "Goal Orientation")) OR (DE "Free Recall" OR DE "Serial
Recall")) OR (DE "Verbal Memory")) OR (MM "Self-Control")

176,089

S16

AB ("executive function*" OR “impulse control” OR “emotion* control” OR
“emotion* regulat*”’ OR “flexible thinking” OR “working memory” OR “working-
memory”” OR “self monitor*” OR self-monitor* OR “task initiation” OR ((“problem
solving” OR "problem-solving") AND (task OR test OR score)) OR "concept
formation" OR "goal orientation" OR "goal-orientation" OR (planning® AND prioriti*
AND (organis* OR organiz*)) OR "self regulat*" OR "self-regulat*" OR attention* OR
inhibition* OR “inhibitory control” OR “short-term memory” OR “short term memory”
OR “immediate memory” OR “verbal memory” OR “nonverbal memory” OR “delayed
recall” OR "delayed-recall" OR “free-recall” OR “free recall” OR “serial-recall” OR
“serial recall” OR “associative recall” OR "associative-recall" OR cogniti* flex* OR
cogniti* refl* OR cogniti* control OR shifting OR "set-shifting" OR “effortful control”
OR “self-control” OR “self control” OR “adaptable thinking” OR “task switch*" OR
“self management” OR "self-management")

534,277

S15

TI ("executive function*" OR “impulse control” OR “emotion* control” OR “emotion*
regulat®” OR “flexible thinking” OR “working memory” OR “working-memory” OR
“self monitor*” OR self-monitor* OR “task initiation” OR ((“problem solving” OR
"problem-solving") AND (task OR test OR score)) OR "concept formation" OR "goal
orientation" OR "goal-orientation" OR (planning* AND prioriti* AND (organis* OR
organiz*)) OR "self regulat*" OR "self-regulat*" OR attention* OR inhibition* OR

129,775
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“inhibitory control” OR “short-term memory” OR “short term memory” OR
“immediate memory” OR “verbal memory” OR “nonverbal memory” OR “delayed
recall” OR "delayed-recall" OR “free-recall” OR “free recall” OR “serial-recall” OR
“serial recall” OR “associative recall” OR "associative-recall" OR cogniti* flex* OR
cogniti* refl* OR cogniti* control OR shifting OR "set-shifting" OR “effortful control”
OR “self-control” OR “self control” OR “adaptable thinking” OR “task switch*" OR
“self management” OR "self-management")

S14

S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13

545,368

S13

(((DE "Middle Schools" OR DE "Secondary Education" OR DE "Elementary
Education" OR DE "Elementary Schools") OR (DE "Kindergarten Students" OR DE
"Nursery School Students" OR DE "Preschool Students")) OR (DE "Preschool
Education")) OR (DE "Primary School Students")

51,350

S12

AB childhood N1 (education OR program* OR care OR initiativ* OR development*)

9,828

S11

TI childhood N1 (education OR program* OR care OR initiativ* OR development*)

3,377

S10

AB (“primary education” OR “secondary education” OR school* OR preschool* OR
pre-school* OR kindergart* OR childcare OR "child* care" OR daycare OR “day care”
OR pre-primar* OR “pre primar*” OR "early education" OR pre-K OR “pre K” OR
prekindergart* OR pre-kindergart* OR nurser* OR “reception class™)

462,051

S9

TI (“primary education” OR “secondary education” OR school* OR preschool* OR
pre-school* OR kindergart* OR childcare OR "child* care" OR daycare OR “day care”
OR pre-primar* OR “pre primar*” OR "early education" OR pre-K OR “pre K” OR
prekindergart* OR pre-kindergart* OR nurser®* OR “reception class”)

182,068

S8

AB ((grade* N1 (1 OR2OR3OR40OR50R60OR70R80OR90OR100R 11 OR
12)) OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR eighth
OR ninth OR tenth OR eleventh OR twelfth) N1 grade*))

83,004

S7

TI ((grade* N1 (1 OR2OR3 OR4OR50R60OR70R80OR9O0OR 100R 11 OR
12)) OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR eighth
OR ninth OR tenth OR eleventh OR twelfth) N1 grade*))

16,101

S6

S4 OR S5

1,581,309

S5

AB (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR
geometr® OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR
subtraction® OR multiplication* OR division* OR statistics* OR probability* OR
calculus* OR combinatoric* OR computation* OR calculation* OR counting* OR
“word problem*” OR “word-problem*” OR measurement* OR comprehension* OR
decod* OR “word identification*” OR “word-identification” OR fluency OR phonic*
OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary OR
alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR
blending OR segmentation OR grammar OR syntax OR syntactic OR morpholog*)

1,539,847

S4

TI (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR
geometr® OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR

247,297
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subtraction® OR multiplication® OR division* OR statistics* OR probability* OR
calculus* OR combinatoric* OR computation®* OR calculation®* OR counting®* OR
“word problem*” OR “word-problem*” OR measurement* OR comprehension* OR

OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary OR

blending OR segmentation OR grammar OR syntax OR syntactic OR morpholog*)

decod* OR “word identification®” OR “word-identification” OR fluency OR phonic*

alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR

S3 S1OR S2 1,584,803
S2 AB (student® OR pupil* OR child* OR toddler* OR youth* OR adolescen®* OR 1,495,895
teenage* OR young¥)
S1 TI (student™ OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage* | 763,817
OR young*)
SocINDEX
(EBSCO)

(1908 - current)

Searched 24.4.2023

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase

Search History

#

Query

Results

S23

S3 AND S6 AND S14 AND S18 AND S22

791

S22

S19 OR S20 OR S21

288,202

S21

DE "RANDOMIZED controlled trials" OR DE "REGRESSION discontinuity design"
OR DE "CASE-control method"

3,624

S20

AB (trial* OR experiment* OR intervention* OR treatment®* OR “control group*” OR
“compar* group*”’ OR randomiz* OR randomis* OR “random-assign*” OR
“random* assign*" OR “quasi-experiment®*” OR “quasiexperiment*”” OR
“instrumental variable*" OR “regression discontinuity” OR “difference-in-
difference*” OR “differences-in-difference*” OR “difference* in difference*” OR
“event stud*” OR “event-stud*” OR matching OR “propensity score” OR case-
control* OR “case control*”)

271,138

S19

TI (trial* OR experiment* OR intervention®* OR treatment®* OR “control group*” OR
“compar* group*”’ OR randomiz* OR randomis* OR “random-assign*” OR
“random™* assign*" OR “quasi-experiment®”’ OR “quasiexperiment*” OR
“instrumental variable*" OR “regression discontinuity”” OR “difference-in-
difference*” OR “differences-in-difference*” OR “difference* in difference*” OR
“event stud*” OR “event-stud*” OR matching OR “propensity score” OR case-
control* OR “case control*”)

68,736

S18

S15 OR S16 OR S17

112,104
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S17

DE "ATTENTION" OR DE "EXECUTIVE function" OR DE "SELF-control" OR DE
"SELF-management (Psychology)"

5,771

S16

AB ("executive function*" OR “impulse control” OR “emotion* control” OR
“emotion* regulat*” OR “flexible thinking” OR “working memory” OR “working-
memory” OR “self monitor*”” OR self-monitor* OR “task initiation” OR ((“problem
solving” OR problem-solving) AND (task OR test OR score)) OR "concept
formation" OR "goal orientation" OR goal-orientation OR (planning* AND prioriti*
AND (organis* OR organiz*)) OR "self regulat*" OR self-regulat* OR attention* OR
inhibition* OR “inhibitory control” OR “short-term memory” OR “short term
memory” OR “immediate memory” OR “verbal memory” OR “nonverbal memory”
OR “delayed recall” OR delayed-recall OR “free-recall” OR “free recall” OR “serial-
recall” OR “serial recall” OR “associative recall” OR associative-recall OR cogniti*
flex* OR cogniti* refl* OR cogniti* control OR shifting OR set-shifting OR “effortful
control” OR “self-control” OR “self control” OR “adaptable thinking” OR “task
switch* OR “self management” OR self-management)

108,007

S15

TI ("executive function*" OR “impulse control” OR “emotion* control” OR
“emotion* regulat®”’ OR “flexible thinking” OR “working memory” OR “working-
memory” OR “self monitor*” OR self-monitor* OR “task initiation” OR ((“problem
solving” OR problem-solving) AND (task OR test OR score)) OR "concept
formation" OR "goal orientation" OR goal-orientation OR (planning* AND prioriti*
AND (organis* OR organiz*)) OR "self regulat*" OR self-regulat* OR attention®* OR
inhibition* OR “inhibitory control” OR “short-term memory” OR “short term
memory” OR “immediate memory” OR “verbal memory” OR “nonverbal memory”
OR “delayed recall” OR delayed-recall OR “free-recall” OR “free recall” OR “serial-
recall” OR “serial recall” OR “associative recall” OR associative-recall OR cogniti*
flex* OR cogniti* refl* OR cogniti* control OR shifting OR set-shifting OR “effortful
control” OR “self-control” OR “self control” OR “adaptable thinking” OR “task
switch*" OR “self management” OR self-management)

10,223

S14

S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13

233,441

S13

(DE "PRESCHOOL education" OR DE "PRESCHOOLS" OR DE "PRIMARY
education" OR DE "EARLY childhood education" OR DE "ELEMENTARY
education" OR DE "ELEMENTARY schools" OR DE "KINDERGARTEN") OR (DE
"SECONDARY education")

9,625

S12

AB childhood N1 (education OR program* OR care OR initiativ* OR development™*)

1,895

S11

TI childhood N1 (education OR program* OR care OR initiativ* OR development*)

639

S10

AB (“primary education” OR “secondary education” OR school* OR preschool* OR
pre-school* OR kindergart* OR childcare OR "child* care" OR daycare OR “day
care” OR pre-primar* OR “pre primar*” OR "early education" OR pre-K OR “pre K”
OR prekindergart® OR pre-kindergart* OR nurser* OR “reception class”)

217,251

S9

TI (“primary education” OR “secondary education” OR school* OR preschool* OR
pre-school* OR kindergart* OR childcare OR "child* care" OR daycare OR “day
care” OR pre-primar* OR “pre primar*” OR "early education" OR pre-K OR “pre K”
OR prekindergart® OR pre-kindergart* OR nurser* OR “reception class”)

70,914

S8

AB ((grade* N1 (1 OR2OR3 OR4ORS50OR60OR70R80OR9O0OR 100R 11 OR
12)) OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR
eighth OR ninth OR tenth OR eleventh OR twelfth) N1 grade*))

14,170

S7

TI ((grade* N1 (1 OR2OR3 OR4OR50R60OR70R80OR9OR 100R 11 OR
12)) OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR
eighth OR ninth OR tenth OR eleventh OR twelfth) N1 grade*))

1,371

S6

S4 OR S5

478,140
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S5 AB (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR 462,399
geometr* OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR
subtraction* OR multiplication* OR division* OR statistics* OR probability* OR
calculus* OR combinatoric* OR computation* OR calculation* OR counting* OR
“word problem*” OR “word-problem*” OR measurement* OR comprehension* OR
decod* OR “word identification*” OR “word-identification” OR fluency OR phonic*

OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary OR
alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR
blending OR segmentation OR grammar OR syntax OR syntactic OR morpholog*)

S4 TI (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR 56,067
geometr* OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR
subtraction® OR multiplication* OR division* OR statistics* OR probability* OR
calculus* OR combinatoric* OR computation®* OR calculation* OR counting* OR
“word problem*” OR “word-problem*” OR measurement® OR comprehension* OR
decod* OR “word identification*” OR “word-identification” OR fluency OR phonic*

OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary OR
alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR
blending OR segmentation OR grammar OR syntax OR syntactic OR morpholog*)

S3 S1OR S2 543,009

S2 AB (student® OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR 514,096
teenage* OR young*)

S1 TI (student® OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR 236,879
teenage* OR young¥)

Academic Search Premier
(EBSCO)
(1956 - current)
Searched 25.4.2023
Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase
Search History
# Query Results
S23 S3 AND S6 AND S14 AND S18 AND S22 4,935
S22 S19 OR S20 OR S21 6,870,261
S21 DE "RANDOMIZED controlled trials" OR DE "PROPENSITY score matching" OR | 197,723
DE "CASE-control method" OR DE "REGRESSION discontinuity design" OR DE
"EXPERIMENTAL design"
S20 AB (trial* OR experiment* OR intervention* OR treatment® OR “control group*” 6,524,120

OR “compar* group*” OR randomiz* OR randomis* OR “random-assign*” OR
“random* assign*" OR “quasi-experiment®*” OR “quasiexperiment*” OR
“instrumental variable*" OR “regression discontinuity” OR “difference-in-
difference*” OR “differences-in-difference*” OR “difference* in difference*” OR
“event stud*” OR “event-stud*” OR matching OR “propensity score” OR "case-
control*" OR “case control*”)
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S19

TI (trial* OR experiment* OR intervention® OR treatment™® OR “control group*” OR
“compar* group*”’ OR randomiz* OR randomis* OR “random-assign*” OR
“random* assign*" OR “quasi-experiment®*” OR “quasiexperiment*”” OR
“instrumental variable*" OR “regression discontinuity” OR “difference-in-
difference*” OR “differences-in-difference*” OR “difference* in difference*” OR
“event stud*” OR “event-stud*” OR matching OR “propensity score” OR "case-
control*" OR “case control*”)

1,252,221

S18

S15 OR S16 OR S17

1,306,831

S17

DE "ATTENTION" OR DE "EXECUTIVE function" OR DE "SHORT-term
memory" OR DE "RESPONSE inhibition" OR DE "CONCEPTS"

74,813

S16

AB ("executive function*" OR “impulse control” OR “emotion* control” OR
“emotion* regulat®”’ OR “flexible thinking” OR “working memory” OR “working-
memory” OR “self monitor*” OR self-monitor* OR “task initiation” OR ((“problem
solving” OR "problem-solving") AND (task OR test OR score)) OR "concept
formation" OR "goal orientation" OR "goal-orientation" OR (planning* AND prioriti*
AND (organis* OR organiz*)) OR "self regulat*" OR "self-regulat*" OR attention*
OR inhibition* OR “inhibitory control” OR “short-term memory” OR “short term
memory” OR “immediate memory” OR “verbal memory” OR “nonverbal memory”
OR “delayed recall” OR "delayed-recall" OR “free-recall” OR “free recall” OR
“serial-recall” OR “serial recall” OR “associative recall” OR "associative-recall” OR
cogniti* flex* OR cogniti* refl* OR cogniti* control OR shifting OR "set-shifting"
OR “effortful control” OR “self-control” OR “self control” OR “adaptable thinking”
OR “task switch*" OR “self management” OR "self-management")

1,230,956

S15

TI ("executive function*" OR “impulse control” OR “emotion* control” OR
“emotion* regulat®”’ OR “flexible thinking” OR “working memory” OR “working-
memory” OR “self monitor*” OR self-monitor* OR “task initiation” OR ((“problem
solving” OR "problem-solving") AND (task OR test OR score)) OR "concept
formation" OR "goal orientation" OR "goal-orientation" OR (planning* AND prioriti*
AND (organis* OR organiz*)) OR "self regulat*" OR "self-regulat*" OR attention*
OR inhibition* OR “inhibitory control” OR “short-term memory” OR “short term
memory” OR “immediate memory” OR “verbal memory” OR “nonverbal memory”
OR “delayed recall” OR "delayed-recall" OR “free-recall” OR “free recall” OR
“serial-recall” OR “serial recall” OR “associative recall” OR "associative-recall” OR
cogniti* flex* OR cogniti* refl* OR cogniti* control OR shifting OR "set-shifting"
OR “effortful control” OR “self-control” OR “self control” OR “adaptable thinking”
OR “task switch*" OR “self management” OR "self-management")

200,266

S14

S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13

1,074,459

S13

(((DE "SECONDARY education") OR (DE "PRIMARY education" OR DE
"EARLY childhood education" OR DE "FIRST grade (Education)" OR DE
"FOURTH grade (Education)" OR DE "SECOND grade (Education)" OR DE
"THIRD grade (Education)" OR DE "ELEMENTARY education" OR DE
"ELEMENTARY schools" OR DE "KINDERGARTEN")) OR (DE "PRESCHOOL
education")) OR (DE "TWELFTH grade (Education)" OR DE "NINTH grade
(Education)" OR DE "FIFTH grade (Education)" OR DE "ELEVENTH grade
(Education)" OR DE "EIGHTH grade (Education)" OR DE "TENTH grade
(Education)" OR DE "SIXTH grade (Education)" OR DE "SEVENTH grade
(Education)")) OR (DE "PRESCHOOLS")

68,555

S12

AB childhood N1 (education OR program* OR care OR initiativ* OR development*)

13,409

S11

TI childhood N1 (education OR program* OR care OR initiativ* OR development*)

3,821

S10

AB (“primary education” OR “secondary education” OR school* OR preschool* OR
pre-school* OR kindergart® OR childcare OR "child* care" OR daycare OR “day

907,357
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care” OR pre-primar* OR “pre primar*” OR "early education" OR pre-K OR “pre K”
OR prekindergart* OR pre-kindergart® OR nurser®* OR “reception class”)

S9

TI (“primary education” OR “secondary education” OR school* OR preschool* OR
pre-school* OR kindergart* OR childcare OR "child* care" OR daycare OR “day
care” OR pre-primar* OR “pre primar*” OR "early education" OR pre-K OR “pre K”
OR prekindergart* OR pre-kindergart® OR nurser®* OR “reception class”)

287,638

S8

AB ((grade* N1 (1OR20OR30OR40ORS5S0OR60OR70R80OR90OR 100R 11 OR
12)) OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR
eighth OR ninth OR tenth OR eleventh OR twelfth) N1 grade*))

112,805

S7

TI ((grade* N1 (1 OR2OR3 OR4OR50R60OR70R80OR9OR 100R 11 OR
12)) OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR
eighth OR ninth OR tenth OR eleventh OR twelfth) N1 grade*))

17,743

S6

S4 OR S5

9,694,187

S5

AB (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR
geometr* OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR
subtraction* OR multiplication* OR division* OR statistics* OR probability* OR
calculus* OR combinatoric* OR computation* OR calculation* OR counting* OR
“word problem*” OR “word-problem*” OR measurement® OR comprehension* OR
decod* OR “word identification*” OR “word-identification” OR fluency OR phonic*
OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary OR
alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR
blending OR segmentation OR grammar OR syntax OR syntactic OR morpholog*)

9,416,872

S4

TI (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR
geometr® OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR
subtraction® OR multiplication®* OR division* OR statistics* OR probability* OR
calculus* OR combinatoric* OR computation®* OR calculation* OR counting* OR
“word problem*” OR “word-problem*” OR measurement® OR comprehension* OR
decod* OR “word identification*”” OR “word-identification” OR fluency OR phonic*
OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary OR
alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR
blending OR segmentation OR grammar OR syntax OR syntactic OR morpholog*)

1,235,840

S3

S1 OR 82

2,970,074

S2

AB (student® OR pupil* OR child* OR toddler* OR youth* OR adolescen®* OR
teenage™ OR young*)

2,750,215

S1

TI (student® OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR
teenage™ OR young*)

1,110,255

International Bibliography of the Social Sciences (IBSS)

(ProQuest)

Coverage: 1951 - current
Searched on April 26 2023
Search Strategy

Set# Searched for

S1

Results

title(student® OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage* OR young*)| 173019
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S2

abstract(student® OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage™* OR
young*)

294872

S3

S1 OR S2

354358

S4

title(reading® OR math* OR languag* OR literac* OR numerac* OR number* OR geometr* OR
algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR subtraction* OR
multiplication®* OR division* OR statistics* OR probability* OR calculus* OR combinatoric* OR
computation®* OR calculation® OR counting® OR “word problem*” OR “word-problem*” OR
measurement® OR comprehension* OR decod* OR “word identification*”” OR “word-identification”
OR fluency OR phonic* OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary
OR alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR blending OR
segmentation OR grammar OR syntax OR syntactic OR morpholog*)

128378

S5

abstract(reading® OR math* OR languag* OR literac* OR numerac* OR number* OR geometr* OR
algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR subtraction* OR
multiplication®* OR division* OR statistics* OR probability* OR calculus* OR combinatoric* OR
computation®* OR calculation* OR counting* OR "word problem*" OR "word-problem*" OR
measurement™ OR comprehension* OR decod* OR "word identification*" OR "word-identification"
OR fluency OR phonic* OR "phon* aware*" OR phonem* OR fluency OR spelling OR vocabulary
OR alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR blending OR
segmentation OR grammar OR syntax OR syntactic OR morpholog*)

592384

S6

S4 OR S5

669407

S7

title(((grade* NEAR/1 (1OR2OR3 OR40OR50R60OR70R80OR90OR 100R 11 OR 12)) OR
((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR eighth OR ninth OR tenth
OR eleventh OR twelfth) NEAR/I grade*)))

790

S8

abstract(((grade* NEAR/1 (1 OR2OR3 OR40OR50R60OR70R80OR90ORI100R 11 OR 12))
OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR eighth OR ninth OR
tenth OR eleventh OR twelfth) NEAR/1 grade*)))

6322

S9

title(“primary education” OR “secondary education” OR school* OR preschool* OR pre-school* OR
kindergart® OR childcare OR "child* care" OR daycare OR “day care” OR pre-primar* OR “pre
primar*” OR "early education" OR pre-K OR “pre K” OR prekindergart* OR pre-kindergart* OR
nurser® OR “reception class”)

54177

S10

abstract("primary education" OR "secondary education" OR school* OR preschool* OR pre-school*
OR kindergart® OR childcare OR "child* care" OR daycare OR "day care" OR pre-primar* OR "pre
primar*" OR "early education" OR pre-K OR "pre K" OR prekindergart* OR pre-kindergart* OR
nurser®* OR "reception class")

109126

S11

title(childhood NEAR/1 (education OR program* OR care OR initiativ* OR development*))

944

S12

abstract(childhood NEAR/1 (education OR program* OR care OR initiativ* OR development*))

1804

S13

MAINSUBJECT.EXACT("Early childhood education") OR MAINSUBJECT.EXACT("Elementary
education") OR MAINSUBJECT.EXACT("Kindergarten") OR MAINSUBJECT.EXACT("Preschool
education") OR MAINSUBJECT.EXACT("Elementary schools") OR
MAINSUBJECT.EXACT("Secondary education") OR MAINSUBJECT.EXACT("Secondary
schools")

19954

S14

S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13

136450
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S15

title("executive function*" OR “impulse control” OR “emotion* control” OR “emotion* regulat*”” OR
“flexible thinking” OR “working memory” OR “working-memory” OR “self monitor*” OR self-
monitor* OR “task initiation” OR ((“problem solving” OR problem-solving) AND (task OR test OR
score)) OR "concept formation" OR "goal orientation" OR goal-orientation OR (planning®* AND
prioriti* AND (organis* OR organiz*)) OR "self regulat*" OR self-regulat* OR attention®* OR
inhibition* OR “inhibitory control” OR “short-term memory” OR “short term memory” OR
“immediate memory” OR “verbal memory” OR “nonverbal memory” OR “delayed recall” OR
delayed-recall OR “free-recall” OR “free recall” OR “serial-recall” OR “serial recall” OR “associative
recall” OR associative-recall OR cogniti* flex* OR cogniti* refl* OR cogniti* control OR shifting
OR set-shifting OR “effortful control” OR “self-control” OR “self control” OR “adaptable thinking”
OR “task switch*" OR “self management” OR self-management)

16530

S16

abstract("executive function*" OR "impulse control" OR "emotion* control" OR "emotion* regulat™*"
OR "flexible thinking" OR "working memory" OR "working-memory" OR "self monitor*" OR self-
monitor* OR "task initiation" OR (("problem solving" OR problem-solving) AND (task OR test OR
score)) OR "concept formation" OR "goal orientation" OR goal-orientation OR (planning®* AND
prioriti* AND (organis* OR organiz*)) OR "self regulat*" OR self-regulat* OR attention®* OR
inhibition* OR "inhibitory control" OR "short-term memory" OR "short term memory" OR
"immediate memory" OR "verbal memory" OR "nonverbal memory" OR "delayed recall" OR
delayed-recall OR "free-recall" OR "free recall" OR "serial-recall" OR "serial recall" OR "associative
recall" OR associative-recall OR cogniti* flex* OR cogniti* refl* OR cogniti* control OR shifting OR
set-shifting OR "effortful control" OR "self-control"” OR "self control" OR "adaptable thinking" OR
"task switch*" OR "self management" OR self-management)

161994

S17

MAINSUBJECT.EXACT("Inhibition") OR MAINSUBJECT.EXACT("Concept formation") OR
MAINSUBJECT.EXACT("Short term memory'") OR MAINSUBJECT.EXACT("Attention") OR
MAINSUBJECT.EXACT("Selfmanagement") OR MAINSUBJECT.EXACT("Executive function")

9438

S18

S15 OR S16 OR S17

170979

S19

title(trial* OR experiment* OR intervention* OR treatment®* OR “control group*” OR “compar*
group*” OR randomiz* OR randomis* OR “random-assign*” OR “random* assign*" OR “quasi-
experiment®” OR “quasiexperiment™” OR “instrumental variable*" OR “regression discontinuity” OR
“difference-in-difference*” OR “differences-in-difference*”” OR “difference* in difference*” OR
“event stud*” OR “event-stud*” OR matching OR “propensity score” OR case-control* OR “case
control*”)

77232

S20

abstract(trial* OR experiment* OR intervention® OR treatment™® OR "control group*" OR "compar*
group*" OR randomiz* OR randomis* OR "random-assign*" OR "random* assign*" OR "quasi-
experiment®*" OR "quasiexperiment*" OR "instrumental variable*" OR "regression discontinuity" OR
"difference-in-difference*" OR "differences-in-difference*" OR "difference* in difference*" OR
"event stud*" OR "event-stud*" OR matching OR "propensity score" OR case-control* OR "case
control*")

262001

S21

MAINSUBJECT.EXACT("Case controlled studies") OR MAINSUBJECT.EXACT("Quasi-
experimental methods") OR MAINSUBJECT.EXACT("Clinical trials") OR
MAINSUBJECT.EXACT("Control groups")

5831

S22

S19 OR S20 OR S21

294438

S23

S3 AND S6 AND S14 AND S18 AND S22

629
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Sociological Abstracts
(ProQuest)

Coverage: 1952 - current
Searched on April 26 2023
Search Strategy

Set# Searched for Results

S1 |title(student* OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage® OR young*) 241743

S2  |abstract(student* OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage* OR 453864
young*)

S3  |SIORS2 490333

S4  [title(reading® OR math* OR languag® OR literac* OR numerac* OR number* OR geometr* OR 49511

algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR subtraction®* OR
multiplication* OR division* OR statistics* OR probability* OR calculus* OR combinatoric* OR
computation* OR calculation* OR counting* OR “word problem*” OR “word-problem*” OR
measurement* OR comprehension* OR decod* OR “word identification*” OR “word-identification”
OR fluency OR phonic* OR “phon* aware*” OR phonem* OR fluency OR spelling OR vocabulary
OR alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR blending OR
segmentation OR grammar OR syntax OR syntactic OR morpholog*)

S5 |abstract(reading® OR math* OR languag® OR literac* OR numerac* OR number* OR geometr* OR 416147
algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR subtraction®* OR
multiplication* OR division* OR statistics* OR probability* OR calculus* OR combinatoric* OR
computation* OR calculation* OR counting® OR "word problem*" OR "word-problem*" OR
measurement* OR comprehension®* OR decod* OR "word identification*" OR "word-identification"
OR fluency OR phonic* OR "phon* aware*" OR phonem* OR fluency OR spelling OR vocabulary
OR alphabetic* OR letter* "print aware*" OR "sound discrim*" OR "rhyme detect*" OR blending OR
segmentation OR grammar OR syntax OR syntactic OR morpholog®*)

S6 |S40RSS5 434648

S7  |title(((grade* NEAR/1 (1 OR2OR3 OR4ORS50OR60OR70R80OR90OR 100R 11 OR 12)) OR 844
((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR eighth OR ninth OR tenth
OR eleventh OR twelfth) NEAR/1 grade*)))

S8  |abstract(((grade* NEAR/1 (1 OR2OR3 OR40ORS5SOR6OR70R80OR90OR 100R 11 OR 12)) 10850
OR ((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR eighth OR ninth OR
tenth OR eleventh OR twelfth) NEAR/1 grade*)))

S9  [title(“primary education” OR “secondary education” OR school* OR preschool* OR pre-school* OR 54452
kindergart®* OR childcare OR "child* care" OR daycare OR “day care” OR pre-primar* OR “pre
primar*” OR "early education" OR pre-K OR “pre K” OR prekindergart* OR pre-kindergart® OR
nurser® OR “reception class”)

S10 |abstract("primary education" OR "secondary education" OR school* OR preschool* OR pre-school* 142077
OR kindergart* OR childcare OR "child* care" OR daycare OR "day care" OR pre-primar* OR "pre
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primar*" OR "early education" OR pre-K OR "pre K" OR prekindergart® OR pre-kindergart® OR
nurser* OR "reception class")

S11

title(childhood NEAR/1 (education OR program* OR care OR initiativ* OR development*))

655

S12

abstract(childhood NEAR/1 (education OR program* OR care OR initiativ* OR development*))

1837

S13

MAINSUBJECT.EXACT("Elementary Education") OR MAINSUBJECT.EXACT("Secondary
Schools") OR MAINSUBJECT.EXACT("Secondary Education") OR
MAINSUBJECT.EXACT("Elementary Schools") OR MAINSUBJECT.EXACT("Preschool
Education") OR MAINSUBJECT.EXACT("Kindergarten") OR MAINSUBJECT.EXACT("Primary
Education™)

15626

S14

S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13

160745

S15

title("executive function*" OR “impulse control” OR “emotion* control” OR “emotion* regulat*” OR
“flexible thinking” OR “working memory” OR “working-memory” OR “self monitor*” OR self-
monitor* OR “task initiation” OR ((“problem solving” OR problem-solving) AND (task OR test OR
score)) OR "concept formation" OR "goal orientation" OR goal-orientation OR (planning* AND
prioriti* AND (organis* OR organiz*)) OR "self regulat*" OR self-regulat®* OR attention* OR
inhibition* OR “inhibitory control” OR “short-term memory” OR “short term memory” OR
“immediate memory” OR “verbal memory” OR “nonverbal memory” OR “delayed recall” OR
delayed-recall OR “free-recall” OR “free recall” OR “serial-recall” OR “serial recall” OR “associative
recall” OR associative-recall OR cogniti* flex* OR cogniti* refl* OR cogniti* control OR shifting
OR set-shifting OR “effortful control” OR “self-control” OR “self control” OR “adaptable thinking”
OR “task switch*" OR “self management” OR self-management)

9016

S16

abstract("executive function*" OR "impulse control" OR "emotion* control" OR "emotion* regulat*"
OR "flexible thinking" OR "working memory" OR "working-memory" OR "self monitor*" OR self-
monitor* OR "task initiation" OR (("problem solving" OR problem-solving) AND (task OR test OR
score)) OR "concept formation" OR "goal orientation" OR goal-orientation OR (planning* AND
prioriti* AND (organis* OR organiz*)) OR "self regulat*" OR self-regulat®* OR attention* OR
inhibition* OR "inhibitory control" OR "short-term memory" OR "short term memory" OR
"immediate memory" OR "verbal memory" OR "nonverbal memory" OR "delayed recall" OR
delayed-recall OR "free-recall" OR "free recall" OR "serial-recall" OR "serial recall" OR "associative
recall" OR associative-recall OR cogniti* flex* OR cogniti* refl* OR cogniti* control OR shifting OR
set-shifting OR "effortful control" OR "self-control" OR "self control" OR "adaptable thinking" OR
"task switch*" OR "self management" OR self-management)

132528

S17

MAINSUBJECT.EXACT("Attention") OR MAINSUBJECT.EXACT("Concept Formation")

3579

S18

S15 OR S16 OR S17

137080

S19

title(trial* OR experiment* OR intervention* OR treatment® OR “control group*” OR “compar*
group*” OR randomiz* OR randomis* OR “random-assign*” OR “random* assign*" OR “quasi-
experiment*” OR “quasiexperiment*” OR “instrumental variable*" OR “regression discontinuity” OR
“difference-in-difference*” OR “differences-in-difference*” OR “difference* in difference*” OR
“event stud*” OR “event-stud*” OR matching OR “propensity score” OR case-control* OR “case
control*”’)

57603

S20

abstract(trial* OR experiment® OR intervention* OR treatment* OR "control group*" OR "compar*
group*" OR randomiz* OR randomis* OR "random-assign*" OR "random* assign*" OR "quasi-
experiment™®" OR "quasiexperiment™*" OR "instrumental variable*" OR "regression discontinuity”" OR
"difference-in-difference*" OR "differences-in-difference*" OR "difference* in difference*" OR

241101
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"event stud*" OR "event-stud*" OR matching OR "propensity score" OR case-control* OR "case
control*")

S21 |S19 OR S20 254869
S22 |(S1 OR S2) AND (S4 OR S5) AND (S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13) AND (S15 670
OR S16 OR S17) AND (S19 OR S20)
Science Citation Index Expanded
(1900 — Present)
Social Sciences Citation Index
(1956 — Present)
Searched 11.5.2023
Query Results
#1 AND #2 AND #5 AND #6 AND #7 5,283
TS=(trial* OR experiment* OR intervention* OR “control group*” OR “compar* group*” OR 8,520,092

randomiz* OR randomis* OR “random-assign*” OR “random* assign*" OR “quasi-experiment*” OR
“quasiexperiment*” OR “instrumental variable"* OR “regression discontinuity” OR “difference-in-
difference*” OR “differences-in-difference*” OR “difference* in difference*” OR “event stud*” OR
“event-stud*” OR “propensity score” OR "case-control*" OR “case control*”)

TS=("executive function*" OR “impulse control” OR “emotion* control” OR “emotion* regulat*”” OR
“flexible thinking” OR “working memory” OR “self monitor*”” OR self-monitor* OR “task initiation”
OR ((“problem solving” OR "problem-solving") AND (task OR test OR score)) OR "concept
formation" OR "goal orientation" OR "goal-orientation" OR (planning* AND prioriti* AND (organis*
OR organiz*)) OR "self regulat*" OR "self-regulat*" OR attention* OR inhibition* OR “inhibitory
control” OR “short-term memory” OR “short term memory” OR “immediate memory” OR “verbal
memory” OR “nonverbal memory” OR “delayed recall” OR "delayed-recall" OR “free-recall” OR “free
recall” OR “serial-recall” OR “serial recall” OR “associative recall” OR "associative-recall" OR
cogniti* flex* OR cogniti* refl* OR cogniti* control OR shifting OR "set-shifting" OR “effortful
control” OR “self-control” OR “self control” OR “adaptable thinking” OR “task switch*" OR “self
management” OR "self-management")

3,487,355

#3 OR #4

311,736

TS=(childhood NEAR/1 (education OR program* OR care OR initiativ* OR development*))

13,114

TS=("first grade" OR "second grade" OR "third grade" OR "fourth grade" OR "fifth grade" OR "sixth
grade" OR "seventh grade" OR "eighth grade" OR "ninth grade" OR "tenth grade" OR "eleventh grade"
OR "twelfth grade" OR

"grade 1" OR "grade 2" OR "grade 3" OR "grade 4" OR "grade 5" OR "grade 6" OR "grade 7" OR "gra
de 8" OR "grade 9" OR "grade 10" OR "grade 11" OR "grade 12"

OR "lIst grade" OR "2nd grade" OR "3rd grade" OR "4th grade" OR "5th grade" OR "6th grade" OR "7t
h grade" OR "8th grade" OR "9th grade" OR "10th grade" OR "11" grade" OR "12% grade" OR
"elementary school" OR "elementary level" OR "elementary education" OR "primary school" OR

302,945
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"primary schools" OR preschool* OR "pre-school*" OR "junior high school"” OR "junior high schools"
OR "lower secondary school" OR "lower secondary schools" OR "middle school" OR "middle schools"
OR “primary education” OR “secondary education” OR kindergart* OR childcare OR "child* care" OR
daycare OR “day care” OR "pre-primar*" OR “pre primar*” OR "early education" OR pre-K OR “pre
K” OR prekindergart®* OR pre-kindergart® OR nurser® OR “reception class”)

TS=(reading* OR math* OR languag* OR literac* OR numerac* OR “number sense” OR “number
relations” OR ”number lines” OR “number understanding” OR “number knowledge” OR “whole
number” OR geometr* OR algebra* OR fraction* OR "operations" OR arithmetic* OR addition OR
subtraction® OR multiplication® OR statistics* OR "probability" OR calculus* OR combinatoric* OR
computation®* OR calculation®* OR counting® OR “word problem*” OR measurement* OR
comprehension®* OR decod* OR “word identification*”” OR fluency OR phonic* OR “phon* aware*”
OR phonem* OR fluency OR spelling OR vocabulary OR alphabetic* OR letter* "print aware*" OR
"sound discrim*" OR "rhyme detect*" OR blending OR segmentation OR grammar OR syntax OR
syntactic OR morpholog*)

12,103,830

TS=(student* OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage* OR young*)

3,271,023

Searching other resources
Hand search

Journal of Educational Psychology (volumes 111(6) — 116(4)): 455 records screened
on title/abstract, 20 in full text, 0 included.

Child Development (volumes 90(4) — 94(4)): 978 records screened on title/abstract,
13 in full text, 0 included.

Contemporary Educational Psychology (issues 59 — 79): 376 records screened on
title/abstract, 11 in full text, 0 included.

Early Childhood Research Quarterly (volumes 50 — 69): 607 records screened on
title/abstract, 32 in full text, 0 included.

American Educational Research Journal (volumes 56(6) — 61(5)): 224 records
screened on title/abstract, 6 in full text, 1 included.

OpenDissertations

(1933 — present)

EBSCOhost

Expanders - Apply equivalent subjects
Search modes - Boolean/Phrase
Searched 19/03/2024

Search History

# Query Results
S24 | S3 AND S7 AND S15 AND S19 AND S23 1,896
S23 | S20 OR S21 OR S22 399,353
S22 | KW (trial* OR experiment* OR intervention* OR treatment* OR ‘control group*” OR 23,845
‘compar® group*’ OR randomiz* OR randomis* OR ‘random-assign*’ OR ‘random* assign*
OR ‘quasi-experiment*’ OR ‘quasiexperiment®*’ OR ‘instrumental variable* OR ‘regression
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discontinuity’ OR ‘difference-in-difference*’ OR ‘differences-in-difference®’ OR ‘difference*
in difference*’ OR ‘event stud*’ OR ‘eventstud*’ OR matching OR ‘propensity score’ OR
case-control* OR ‘case control*”))

S21

AB (trial* OR experiment* OR intervention®* OR treatment™ OR ‘control group*’ OR
‘compar* group*’ OR randomiz* OR randomis* OR ‘random-assign*’ OR ‘random™ assign*
OR ‘quasi-experiment*” OR ‘quasiexperiment*’ OR ‘instrumental variable* OR ‘regression
discontinuity’ OR ‘difference-in-difference*’ OR ‘differences-in-difference*’ OR ‘difference*
in difference*’ OR ‘event stud*’ OR ‘eventstud*’ OR matching OR ‘propensity score’ OR
case-control* OR ‘case control*”))

368,527

S20

TI (trial* OR experiment* OR intervention® OR treatment® OR ‘control group*’ OR ‘compar*
group*’ OR randomiz* OR randomis* OR ‘random-assign*’ OR ‘random* assign* OR ‘quasi-
experiment®*’ OR ‘quasiexperiment®’ OR ‘instrumental variable* OR ‘regression
discontinuity’ OR ‘difference-in-difference*’ OR ‘differences-in-difference*’ OR ‘difference*
in difference*’ OR ‘event stud*’ OR ‘eventstud*’ OR matching OR ‘propensity score’ OR
case-control* OR ‘case control*”))

55,908

S19

S16 OR S17 OR S18

94,164

S18

KW (((‘executive function®*’ OR ‘impulse control” OR ‘emotion* control’ OR ‘emotion*
regulat®*’ OR ‘flexible thinking” OR ‘working memory’ OR ‘working-memory’ OR ‘self
monitor®*” OR self-monitor* OR ‘task initiation’ OR ((‘problem solving’ OR problem-solving)
AND (task OR test OR score)) OR ‘concept formation’ OR ‘goal orientation’ OR goal-
orientation OR (planning®* AND prioriti* AND (organis* OR organiz*)) OR ‘self regulat*’ OR
self-regulat® OR attention* OR inhibition* OR ‘inhibitory control’ OR ‘short-term memory’
OR ‘short term memory’ OR ‘immediate memory’ OR ‘verbal memory’ OR ‘nonverbal
memory’ OR ‘delayed recall’ OR delayed-recall OR ‘freerecall’ OR ‘free recall” OR ‘serial-
recall” OR ‘serial recall’ OR ‘associative recall’ OR associative-recall OR cogniti* flex* OR
cogniti* refl* OR cogniti* control OR shifting OR set-shifting OR ‘effortful control’ OR ‘self-
control’ OR ‘self control’ OR ‘adaptable thinking” OR ‘task switch* OR ‘self management’
OR self-management))

7,132

S17

AB (((‘executive function*’ OR ‘impulse control”’ OR ‘emotion* control’ OR ‘emotion*
regulat®*’ OR ‘flexible thinking” OR ‘working memory’ OR ‘working-memory’ OR ‘self
monitor*” OR self-monitor* OR ‘task initiation” OR ((‘problem solving’ OR problem-solving)
AND (task OR test OR score)) OR ‘concept formation’ OR ‘goal orientation” OR goal-
orientation OR (planning* AND prioriti* AND (organis* OR organiz*)) OR ‘self regulat*’ OR
self-regulat® OR attention™ OR inhibition* OR ‘inhibitory control’ OR ‘short-term memory’
OR ‘short term memory’ OR ‘immediate memory’ OR ‘verbal memory’ OR ‘nonverbal
memory’ OR ‘delayed recall’ OR delayed-recall OR ‘freerecall’ OR ‘free recall”’ OR ‘serial-
recall’ OR ‘serial recall” OR ‘associative recall” OR associative-recall OR cogniti* flex* OR
cogniti* refl* OR cogniti* control OR shifting OR set-shifting OR ‘effortful control’ OR ‘self-
control” OR ‘self control” OR ‘adaptable thinking” OR ‘task switch* OR ‘self management’
OR self-management))

87,331

S16

TI (((“‘executive function®*’ OR ‘impulse control” OR ‘emotion* control’ OR ‘emotion*
regulat*’ OR ‘flexible thinking’” OR ‘working memory’ OR ‘working-memory’ OR ‘self
monitor*” OR self-monitor* OR ‘task initiation’ OR ((‘problem solving’ OR problem-solving)
AND (task OR test OR score)) OR ‘concept formation’ OR ‘goal orientation’ OR goal-
orientation OR (planning* AND prioriti* AND (organis* OR organiz*)) OR ‘self regulat*’ OR
self-regulat® OR attention™ OR inhibition* OR ‘inhibitory control’ OR ‘short-term memory’
OR ‘short term memory’ OR ‘immediate memory’ OR ‘verbal memory’ OR ‘nonverbal
memory’ OR ‘delayed recall’ OR delayed-recall OR ‘freerecall’ OR ‘free recall”’ OR ‘serial-
recall” OR ‘serial recall’ OR ‘associative recall’ OR associative-recall OR cogniti* flex* OR
cogniti* refl* OR cogniti* control OR shifting OR set-shifting OR ‘effortful control’ OR ‘self-
control” OR ‘self control” OR ‘adaptable thinking” OR ‘task switch* OR ‘self management’
OR self-management))

11,623

S15

S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14

95,613
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S14

KW childhood N1 (education OR program* OR care OR initiativ* OR development*)

1,289

S13

AB childhood N1 (education OR program* OR care OR initiativ* OR development*)

959

S12

TI childhood N1 (education OR program* OR care OR initiativ* OR development*)

375

S11

KW ((‘primary education’ OR ‘secondary education’ OR school* OR preschool* OR pre-
school* OR kindergart* OR childcare OR ‘child* care’ OR daycare OR ‘day care’ OR pre-
primar* OR ‘pre primar*’ OR ‘early education’ OR pre-K OR ‘pre K’ OR prekindergart* OR
prekindergart* OR nurser* OR ‘reception class’)

23,053

S10

(TI ((‘primary education’ OR ‘secondary education’ OR school* OR preschool* OR pre-
school* OR kindergart* OR childcare OR ‘child* care’ OR daycare OR ‘day care’ OR pre-
primar* OR ‘pre primar*” OR ‘early education’ OR pre-K OR ‘pre K’ OR prekindergart* OR
prekindergart* OR nurser®* OR ‘reception class’) OR (AB ((‘primary education’ OR
‘secondary education’ OR school* OR preschool* OR pre-school* OR kindergart* OR
childcare OR ‘child* care’ OR daycare OR ‘day care’ OR pre-primar* OR ‘pre primar*’ OR
‘early education’ OR pre-K OR ‘pre K’ OR prekindergart®* OR prekindergart* OR nurser* OR
‘reception class’))

83,984

S9

KW ((grade* N1 (1 OR2OR3OR40ORS5SOR60OR70R80OR90OR100R 11 OR 12)) OR
((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR eighth OR ninth OR
tenth OR eleventh OR twelfth) N1 grade*))

660

S8

(TI ((grade®* N1 (1 OR2OR3 OR40OR50R60OR70OR80OR90OR 100R 11 OR 12)) OR
((first OR second OR third OR fourth OR fifth OR sixth OR seventh OR eighth OR ninth OR
tenth OR eleventh OR twelfth) N1 grade*)) OR (AB ((grade* N1 (1 OR2OR3 OR4 OR 5
OR6OR70OR80OR9OR 100R 11 OR 12)) OR ((first OR second OR third OR fourth OR
fifth OR sixth OR seventh OR eighth OR ninth OR tenth OR eleventh OR twelfth) N1

grade®))))

12,272

S7

S4 OR S5 OR S6

559,827

S6

KW (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR geometr*
OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR subtraction* OR
multiplication* OR division* OR statistics* OR probability* OR calculus* OR combinatoric*
OR computation* OR calculation* OR counting® OR ‘word problem*’ OR ‘word-problem*’
OR measurement* OR comprehension* OR decod* OR ‘word identification*” OR ‘word-
identification’ OR fluency OR phonic* OR ‘phon* aware*’ OR phonem* OR fluency OR
spelling OR vocabulary OR alphabetic* OR letter* ‘print aware*” OR ‘sound discrim*” OR
‘thyme detect*” OR blending OR segmentation OR grammar OR syntax OR syntactic OR
morpholog*)

75,207

S5

AB (reading™® OR math* OR languag* OR literac* OR numerac* OR number* OR geometr*
OR algebra* OR fraction®* OR operation* OR arithmetic* OR addition* OR subtraction* OR
multiplication®* OR division* OR statistics* OR probability* OR calculus* OR combinatoric*
OR computation®* OR calculation* OR counting® OR ‘word problem*’ OR ‘word-problem*’
OR measurement* OR comprehension®* OR decod* OR ‘word identification®*” OR ‘word-
identification’ OR fluency OR phonic* OR ‘phon* aware*’ OR phonem* OR fluency OR
spelling OR vocabulary OR alphabetic* OR letter* ‘print aware*” OR ‘sound discrim*” OR
‘thyme detect®” OR blending OR segmentation OR grammar OR syntax OR syntactic OR
morpholog*)

495,273

S4

TI (reading® OR math* OR languag* OR literac* OR numerac* OR number* OR geometr*
OR algebra* OR fraction* OR operation* OR arithmetic* OR addition* OR subtraction* OR
multiplication* OR division* OR statistics* OR probability* OR calculus* OR combinatoric*
OR computation* OR calculation* OR counting® OR ‘word problem*’ OR ‘word-problem*’
OR measurement* OR comprehension* OR decod* OR ‘word identification*” OR ‘word-
identification’ OR fluency OR phonic* OR ‘phon* aware*” OR phonem* OR fluency OR
spelling OR vocabulary OR alphabetic* OR letter* ‘print aware*” OR ‘sound discrim*” OR
‘rhyme detect*” OR blending OR segmentation OR grammar OR syntax OR syntactic OR
morpholog*)

83,419
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S3 S1OR S2 180,258

S2 KW (student® OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage* OR | 40,227
young*)

S1 (TI (student* OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage* OR | 173,551

young*) OR AB (student* OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR
teenage™ OR young*))

Working papers/conference proceedings
European Educational Research Association
Date: 2024-09-27

Search site: https://eera-ecer.de/ecer-programmes
Search mode: Anywhere and any conference
Search terms: Executive function

Hits: 53

Screened first level: 53

Included first level: 1

Included second level: 0

American Educational Research Association

Date: 2024-09-27

Search site: https://www.aera.net/Search-Results?Search=search
Search mode: Sort after relevance

Search terms: Executive function~ AND (math~ OR language OR literacy) AND (trial OR

intervention)

Hits: 213

Screened first level: 100
Included first level: 0
Included second level: 0

PsyArXiv

Date: 2024-09-17

Search site: https://osf.io/preprints/psyarxix
Search mode: Sort after relevance

Search terms: Executive function

Hits: 4516

Screened first level: 100

Included first level: 1

Included second level: 0

Open Grey

Date: 2024-09-27

Search site: opengrey.eu

Search mode: Sort after relevance

Search terms: executive functions intervention math literacy language
Hits: 100000

Screened first level: 100
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Included first level: 1
Included second level: 1

Google

Date: 2024-10-08

Search site: google.com

Search mode: Incognito

Search terms: math OR language OR literacy AND trial OR intervention AND Executive
function* OR cognit*

Hits: 1030000000

Screened first level: 100

Included first level: 11

Included second level: 1

Google Scholar

Date: 2024-09-30

Search site: scholar.google.se

Search mode: Incognito (sort after relevance)

Search terms: (‘Executive Function” OR ‘Inhibition’” OR ‘Short Term Memory’ OR ‘Self
Management’ OR ‘Attention’ OR ‘Concept Formation” OR ‘Goal Orientation’ OR ‘Working
memory’) AND (reading® OR math* OR languag* OR literac* OR numerac* OR number*
OR geometr* OR algebra* OR fraction®*) AND (‘primary education’ OR ‘secondary
education’ OR school* OR preschool* OR pre-school* OR kindergart* OR childcare OR
‘child* care’ OR daycare OR ‘day care’ OR pre-primar®* OR ‘pre primar*” OR ‘early
education’ OR pre-K OR ‘pre K’ OR pre kindergarten®* OR pre- kindergarten® OR nurser*
OR ‘reception class’) AND (student™ OR pupil* OR child* OR toddler* OR youth* OR
adolescen™ OR teenage® OR young*) AND (trial* OR experiment®* OR intervention®* OR
treatment® OR ‘control group*” OR ‘compar* group*’ OR randomiz* OR randomis* OR
‘random-assign®*’ OR ‘random* assign®* OR ‘quasi-experiment™®’ OR ‘quasiexperiment*’)
Hits: 4210

Screened first level: 100

Included first level: 0

Included second level: 0

Social Science Research Network

Date: 2024-10-01

Search site: https://www.ssrn.com/index.cfm/en/

Search mode: Advanced search in title, abstract & keywords

Search terms: Executive function math; Executive function language; Executive function
literacy

Hits: 48

Screened first level: 48

Included first level: 0

Included second level: 0
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Reports and non-US literature

Danish National Research Database

Date: 2024-03-13

Search site: https://local.forskningsportal.dk/search/1

Search mode: no choice of mode.

Search terms: (Eksekutive funktioner OR Hukommelse OR Tilbagekaldelse OR
Folelseskontrol OR Arbejdshukommelse OR Selvmonitorering OR Mélorientering OR
Selvregulering OR Opmarksomhed OR Genkaldelse) AND (la&sning OR matematik OR
sprog OR laseferdigheder OR regneferdigheder OR tal OR geometri OR algebra OR breker
OR fonologisk OR grammatik OR subtraktion) AND (studerende* OR elev* OR barn* OR
bern* OR barndom* OR ungdom* OR teenager* OR ung*)

Hits: 257

Screened first level: 257

Included first level: 6

Included second level: 0

SwePub

Date: 2024-03-27

Search site: https://swepub.kb.se/form_extended.jsp

Search mode: utokad s6kning

Search terms: (exekutiva funktioner* OR impulskontroll* OR arbetsminne™* OR
emotionsreglering® OR malorientering® OR sjilvreglering OR uppmérksamhet® OR
inhibering* OR korttidsminne* OR "verbalt minne" OR "icke-verbal minne" OR é&terkall*
OR "kognitiv flexibilitet" OR "kognitiv kontroll" OR sjélvkontroll*) AND (elev* OR barn*
OR smabarn* OR tonéring* OR ung*) AND (lds* OR matemati* OR sprak* OR literac* OR
numeri* OR tal* OR geometr* OR algebra* OR brak* OR aritmeti* OR addition®* OR
subtraktion®* OR multiplikation® OR division* OR statistik* OR sannolikhet* OR
kombinatorik* OR berdkn* OR kalkyl* OR rikn* OR métning* OR ldsforstaelse* OR
avkod* OR lésflyt* OR fonetik* OR fonem* OR fonolog* OR stav* OR vokabulidr OR
ordforrdd* OR alfabet* OR bokstav* OR bokstdv* OR skrift* OR rim* OR segmentering*
OR grammati* OR syntax* OR syntak* OR morfolog*) AND (forsok* OR experiment* OR
intervention® OR insats* OR kontrollgrupp* OR jamforelsegrupp* OR randomis* OR
slumpmassig* OR kvasi-experiment™® OR kvasiexperiment® OR instrument® OR regression™
OR matchning*)

Hits: 118

Screened first level: 118

Included first level: 4

Included second level: 1

NORA

Date: 2024-03-08

Search site: https://nora.openaccess.no

Search mode: no choice of mode

Search terms: Eksekutive funksjoner; Oppmerksomhet; Mél
Hits: 84

Screened first level: 84
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Included first level: 0
Included second level: 0

CORE

Date: 2024-04-15

Search site: https://core.ac.uk/

Search mode: sort by relevance

Search terms: (reading OR math OR language OR literacy OR “’phonological awareness”)
AND (”primary education” OR ’secondary education” OR school OR preschool OR
kindergarten OR student OR pupil OR child OR toddler OR youth OR adolescent OR
adolescence OR teenage OR young) AND (“executive function” OR control OR regulation
OR ”working memory” OR self-monitor OR self-regulate OR attention OR inhibition OR
“short-term memory” OR recall OR ”self control” OR self-management OR “attention” OR
”Goal Orientation””) AND (experiment OR intervention OR treatment OR “control group”
OR ”compare group” OR randomize OR randomized OR ”random-assign” OR “random
assign” OR quasi-experiment OR case-control OR “case control”)

Hits: 174759

Screened first level: 100

Included first level: 1

Included second level: 0

Best Evidence Encyclopedia

Date: 2024-03-19

Search site: https://bestevidence.org/

Search mode: no overall search function

Search terms: Executive; Regula*; Goal; Memory; Recall; Impulse; Emotion; Cognit*; and
we looked through article references and tables for records that might be relevant.

Hits: 47

Screened first level: 47

Included first level: 2

Included second level: 0

Systematic reviews

Cochrane Library

Date: 2024-04-17

Search site: https://www.cochranelibrary.com/advanced-search

Search mode: searched for "title abstract keyword" adding search lines in the normal search
tab, and sorted for relevance

Search terms: used facets S16, S10, S5, S21, and S20 from electronic database search.
Hits: 822

Screened first level: 100

Included first level: 0

Included second level: 0

Campbell Systematic Reviews
Date: 2024-04-26
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Search site: https://onlinelibrary.wiley.com/search/advanced?publication=18911803&text1=
Search mode: advanced search

Search terms: used facet S16 from electronic database search.

Hits: 28

Screened first level: 28

Included first level: 0

Included second level: 0

Centre for Reviews and Dissemination Databases

Date: 2024-04-24

Search site: https://www.crd.york.ac.uk/CRDWeb/

Search mode: advanced search

Search terms: (Executive Function OR Inhibition OR Short Term Memory OR Self
Management OR Attention OR Concept Formation OR Goal Orientation) AND (reading*
OR math* OR languag* OR literac* OR numerac* OR number*) AND (student®* OR pupil*
OR child* OR toddler* OR youth* OR adolescen* OR teenage* OR young*) AND (student™®
OR pupil* OR child* OR toddler* OR youth* OR adolescen* OR teenage* OR young*)
Hits: 400

Screened first level: 100

Included first level: 0

Included second level: 0

Backward citation tracking

We backward citation tracked all 79 included records and all relevant reviews (e.g., those
mentioned in section Why it is important to do this review and those found in other parts of
our search, in total 19 reviews) by double-screening the reference lists. We furthermore
backward citation tracked a number of primary records that were excluded but where we
thought the content was close enough to our review that it might contain relevant leads. In
total, we screened 6,897 references (the total number of references in the reference lists) on
title and sometimes abstract, screened 162 in full text, and included 7 records.

Forward citation tracking

We forward citation tracked all 79 included records and all relevant reviews (e.g., those
mentioned in section Why it is important to do this review and those found in other parts of
our search, in total 19 reviews) using Google Scholar. We furthermore citation tracked a
number of primary records that were excluded but where we thought the content was close
enough to our review that it might contain relevant leads. In total, we screened 6,020
references (the total number of references in the reference lists) on title and sometimes
abstract, screened 59 in full text, and included 13 records.

Contacts to experts

At the end of the search process (in December 2024), we contacted five international experts
to identify unpublished and ongoing studies and studies we might have missed. We contacted
authors that, for example, had written relevant reviews or had more than one included
primary study and provided them with the inclusion criteria for the review along with the list
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of included studies. We received a reply from four authors. There were no new records
suggested that we had not screened before.
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