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Studies have shown that children from a low socioeconomic status (SES) family 
are likely to have lower academic scores, indicating an SES-achievement gap. This 
inequality already starts in preschool and persists throughout children’s lives. Since 
executive functions (EFs) have been put forward as contributing factors in this 
SES-achievement gap, it is crucial to target early EF development to remediate the 
adverse effects of poverty. In this quasi-experimental study, a classroom program 
delivered by teachers (i.e., “Put your EF glasses on”) was implemented to strengthen 
preschoolers’ EFs, consistent with the idea that well-developed EFs can foster 
school readiness and prevent school failure. The program aimed to boost children’s 
EFs through high-quality teacher-child interactions, EF-supporting activities (e.g., 
games), and a supportive classroom structure. Teachers (n = 24) and children 
(n = 224, Mage = 52.61 months) from 8 Belgian schools participated in this quasi-
experimental pilot study and were divided into experimental and control groups. 
Teachers in the experimental group carried out the program (receiving materials 
and coaching to support implementation), whereas teachers in the control group 
practiced teaching as usual. Before and after the program, all teachers filled out 
the BRIEF-P, a questionnaire about daily executive problems in preschool children. 
We compared the effect of the classroom program in low-SES versus middle-to-
high-SES children on EF problem scores. Results revealed that all low-SES children 
started with significantly higher EF problems (total problem score, working memory, 
inhibition, and planning and organizing) scores than middle-to-high-SES children. A 
positive effect of the program was found among low-SES children. More specifically, 
EF problems (total problem score, working memory, shifting, and planning and 
organizing) remained stable over time in the low-SES group in the experimental 
group, but there was no program effect on emotional control and inhibition. In the 
control group, these EF problems increased for low-SES children, expanding the 
gap between low and middle-to-high-SES children. There were no program effects 
for middle-to-high-SES children. These results show that a teacher-mediated 
classroom program can support EF development, especially in preschoolers at 
sociodemographic risk.
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Introduction

Almost 1 in 4 Europeans is at risk of poverty or social exclusion, 
and in Belgium 1  in 5 children are at risk, with children and 
adolescents under 24 being the most affected (Eurostat, 2018, p. 24; 
Kind en Gezin, 2019). Considering poverty’s adverse impact on 
children’s well-being and development, these numbers show that 
poverty remains a significant social challenge for the European Union. 
To address this, the current study aims to boost the development of 
specific cognitive factors that lag in children from poverty-stricken 
families through an interaction-based classroom program.

Poverty is generally ascertained by one’s socioeconomic status 
(SES), a multidimensional measure of one or more contextual factors, 
including but not limited to household income, parental education, 
parental occupation, and parental marital status (Hackman et  al., 
2010; Letourneau et al., 2013). However, poverty goes beyond a lack 
of financial means and includes social exclusion in multiple areas of 
life. For instance, children from low-SES families are more exposed to 
harmful environmental factors (e.g., exposure to pollutants or lower-
quality diets) that can hinder their cognitive and emotional 
development (Brooks-Gunn and Duncan, 1997; Boyce, 2004; Evans, 
2004; Farah et al., 2006; Hackman et al., 2010; Farah, 2017), and lead 
to poorer physical health or higher rates of illnesses (Chen et al., 2002; 
Boyce, 2004). Low SES is also linked to overall lower academic 
achievement scores (Malecki and Demaray, 2006; Sirin, 2016), and 
more specifically to literacy, language (Noble et al., 2005; Malecki and 
Demaray, 2006; Letourneau et  al., 2013), and math achievement 
(Starkey et  al., 2004). It is important to note that this cognitive 
inequality is already eminent in preschool years, as preschoolers living 
in poverty lag on school readiness, preliteracy, and numeracy 
measures (Brooks-Gunn and Duncan, 1997; Magnuson et al., 2004; 
Magnuson and Waldfogel, 2005; Reardon and Portilla, 2016; Sabol 
et al., 2018). Additionally, this inequality seems to persist as children 
who have experienced poverty at preschool age tend to have lower 
school completion rates altogether (Brooks-Gunn and Duncan, 1997). 
Conclusively, since poverty can have adverse effects on development 
at a young age, early intervention is crucial (Luby et al., 2013).

Children growing up in poverty are shown to have ill-developed 
EFs (Mezzacappa, 2004; Noble et al., 2005; Farah et al., 2006; Lawson 
et al., 2018). EFs refer to a family of top-down cognitive processes that 
allow individuals to engage in goal-directed adaptive behavior and 
regulate thought, behavior, and emotion (Lezak, 1995; Diamond, 
2013). There is a broad consensus that there are three related but 
separable core EFs, i.e., updating, inhibition, and shifting (Miyake 
et al., 2000). Updating, also referred to as working memory, is the 
capacity to maintain task-relevant visual or verbal information in 
mind and actively manipulate it (Miyake et al., 2000; Baddeley, 2003; 
Diamond, 2013). Inhibition is the capability to control one’s attention, 
behavior, and emotions; to do what is appropriate or necessary by 
overriding an internal predisposition or external lure (Miyake et al., 
2000; Diamond, 2013). Shifting, also called cognitive flexibility, refers 
to the ability to switch between tasks or strategies, i.e., disengage from 
an irrelevant task set and initiate a new, more appropriate set (Miyake 
et al., 2000; van der Sluis et al., 2007; Diamond, 2013). These core EFs 
are the foundation for more complex, higher-order EFs, such as 
reasoning, problem-solving, and planning (Diamond, 2013). All three 
EFs develop rapidly during preschool years and continue to mature 
through middle childhood and adolescence, following a canonical 

non-linear trajectory that stabilizes into adulthood (Anderson, 2002; 
Luna et al., 2004; Huizinga et al., 2006; Garon et al., 2008; Best and 
Miller, 2010; Eng et al., 2022). As mentioned above, children from 
low-SES families are more likely to experience detrimental 
psychological (e.g., parental stress) and physical factors (e.g., exposure 
to pollutants). Studies show that these factors associated with low SES 
could impact brain development, and, consequently, the development 
of EF as well (Boyce, 2004; Lawson et al., 2013; Farah, 2017). It is 
through an altered stress response, due to the chronic stress associated 
with poverty, that children’s EFs are compromised (Blair and 
Raver, 2015).

Research has established a link between EFs and academic 
achievement (Best et al., 2011) and even overall life success and quality 
of life (Moffitt et al., 2011; Diamond, 2013). Poor EFs in preschool are 
associated with problems in emergent literacy and numeracy skills 
(Welsh et al., 2010), and later poor academic achievement such as 
reading, writing, science, and mathematics (Blair and Razza, 2007; 
Blair and Diamond, 2008; Best and Miller, 2010). Also, insufficient 
acquisition of EFs during early childhood has been associated with 
developmental psychopathology, such as mental health outcomes 
(e.g., addictions, conduct disorder, or depression) and also physical 
issues (e.g., obesity or overeating) in adults (Pennington and Ozonoff, 
1996; Snyder, 2013; Snyder et  al., 2015; White et  al., 2017). 
Conclusively, due to their association with both SES and academic 
achievement, EFs are proposed to contribute to the SES achievement 
gap (Lawson and Farah, 2015; Finn et al., 2017; Rosen et al., 2020; 
Waters et al., 2021). Accordingly, several studies have explored the role 
of EFs in the SES achievement gap, and confirming results were found 
in behavioral (Lawson and Farah, 2015), intervention (Rosen et al., 
2020), and neural studies (Finn et  al., 2017; Rosen et  al., 2018). 
Therefore, to improve (further) academic achievement, targeting the 
optimal development of EFs is crucial, especially in young children at 
risk for poor EF development, such as children from low-SES families.

Even though EF development follows the maturation of the brain, 
environmental stimulation can promote and support this development 
(Hughes, 2011). As to the timing of such an intervention, research has 
shown that EF support training can have effects, even among young 
preschool children (Thorell et al., 2009). As to the location of such an 
intervention, research revealed that not all types of interventions 
impact related behaviors and outcomes in the classroom. More 
specifically, training (whether computerized or not) focusing narrowly 
on EFs fails to lead to long-term durable effects (Melby-Lervåg and 
Hulme, 2013; Melby-Lervåg et al., 2016; Kassai et al., 2019) or, at best, 
shows small effects in children at risk for poor EFs due to 
psychopathology (Scionti et  al., 2020; Pauli-Pott et  al., 2021). In 
contrast, real-life classroom EF interventions that target EFs in the 
children’s natural environment, directly and indirectly, evoke 
sustainable transfer effects (Diamond and Lee, 2011). Compared to 
the minor results of individual computerized training, the long-term 
effects of classroom intervention indicate that children’s developmental 
context should be considered. The classroom context and contact with 
the teachers are a significant part of a child’s developmental context 
(Sabol and Pianta, 2012). In line with this view, the Teaching through 
Interactions (TTI) framework identifies three broad classroom-level 
interactions important for children’s learning: emotional support, 
organizational support, and instructional support (Downer et  al., 
2010; Howes et al., 2011; Hamre et al., 2013). Emotional support refers 
to the degree to which the teacher supports the child’s social and 
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emotional functioning in class. Organizational support is how the 
teacher allows smooth classroom functioning and manages children’s 
behavior (e.g., using lesson plans and materials). Instructional support 
refers to the interactions that facilitate children’s cognitive 
development to expand learning, such as asking open-ended questions 
and providing feedback (Downer et al., 2010; Vandenbroucke et al., 
2018). In general, by creating a warm, structured, and cognitively 
stimulating classroom, teachers can positively influence children’s EF 
(Vandenbroucke et  al., 2018; Cumming et  al., 2020). Moreover, 
children with low EF skills, often children from low-SES families, 
benefit most from optimal classroom quality, especially from adequate 
instructional support (Hamre and Pianta, 2005; Roorda et al., 2011; 
Cadima et  al., 2016). Conclusively, these studies show classroom 
quality should be considered when aiming to sustainably train EFs in 
vulnerable preschoolers.

American guidelines for high-quality childhood education targeting 
EF stress the importance of, among other things, intentional instruction 
and supportive interactions between teachers and children (Burchinal 
et al., 2022). Schools are advised to (1) use intentionally designed games 
to build children’s EFs, (2) challenge children by increasing the 
complexity of games and activities over time, and (3) embed EF activities 
in literacy, math, art, or other parts of the day (Burchinal et al., 2022). 
These guidelines for high-quality childhood education can be linked to 
the TTI framework (Downer et  al., 2010; Hamre et  al., 2013). For 
instance, the importance of intentional instruction is an example of 
instructional support, as this guideline requires teachers to explicitly 
teach or ask questions that need the children’s problem-solving and 
higher-order thinking. Moreover, teachers are advised to reinforce and 
praise children, which is an example of emotional support. Last, schools 
are recommended to use intentionally designed games to improve EFs 
and embed these games in day-to-day school life, the latter being an 
example of organizational support.

Several classroom programs exist to stimulate EF development in 
young children (Diamond and Lee, 2011). For instance, Tools of the 
Mind is a program using make-believe play and language to support 
EF development, in line with Vygotsky’s Socio-Cultural Theory 
(Vygotsky, 1967). This program focuses on instructional support and 
scaffolding by emphasizing the intentional development of specific 
academic skills and self-regulation (Diamond and Lee, 2011; Bodrova 
and Leong, 2019). More specifically, it provides tools for teachers to 
focus on broad foundational skills (e.g., self-regulation), preliteracy, 
and prenumeracy skills through guided play (Barnett et al., 2008). 
While one review study showed that Tools only had positive effects on 
math outcomes (Baron et al., 2017), another review study did find 
positive effects on EFs for Tools and other classroom programs (Ștefan 
et al., 2022). Chicago School Readiness Project (CSRP) mainly focuses 
on emotional support, as the teachers train verbal emotion regulation 
strategies (Raver et  al., 2011). A longitudinal study of CSRP’s 
effectiveness shows that the program can prevent future social 
difficulties (McCoy et al., 2018). A recent review study concluded that 
universal socio-emotional learning classroom programs can indeed 
have positive effects on children’s socio-emotional learning (Blewitt 
et al., 2018). Finally, Red Light Purple Light is a game-based activity 
program in which children are assigned to playgroups, including 
circle-time movement and music-based games that encourage 
attention, working memory, and self-regulation skills (Tominey and 
McClelland, 2011; Schmitt et al., 2015). The results of this program 
show that circle-time games proved effective in enhancing attention, 

memory, and self-control, especially in children with low self-
regulation (Tominey and McClelland, 2011). As such, this program 
targets instructional and organizational support to improve children’s 
EFs. Diamond and Lee (2011) showed that, specifically, classroom 
programs can benefit EF development. However, a more recent review 
by Takacs and Kassai (2019) had the opposite conclusion and found 
only a very small effect of classroom programs on children’s EF skills. 
Most recently, Muir et al. (2023) suggested that, while there is no 
consensus or evidence for particular EF programs (being specific 
trainings or classroom programs), there is evidence that all approaches 
showed potential for effectiveness.

In this pilot study, we evaluated the first signs of effectiveness of 
the “Put your EF glasses on” program (Feryn, 2017). In line with 
current insights in the literature, the program consists of three 
building blocks, each forming a substantial part of the program and 
implemented one by one: high-quality teacher-child interactions, 
EF-supporting activities (e.g., games), and a supportive classroom 
structure. The first building block, i.e., high-quality teacher-child 
interactions, provides teachers with strategies to support children’s 
EFs. Examples include modeling external speech, stop-think-act 
strategies, or mirror speech, to help children think and talk about their 
mental processes (Feryn, 2017; Upshur et al., 2017). This building 
block challenges children’s EF development by focusing on interactions 
such as scaffolding, i.e., interactions where the teachers gradually 
increase the complexity of the activity and reduce their help during 
these activities (Cameron et al., 2005; Cameron and Morrison, 2011; 
Bardack and Obradović, 2019). This building block is based on 
instructional support (the teachers model desired behavior) and 
emotional support (the teachers teach and model different strategies 
to improve emotion regulation and support socio-emotional 
development; Downer et  al., 2010). The scaffolding and stress 
regulation activities find their inspiration in the existing Red Light 
Purple Light and Chicago School Readiness Project, respectively. The 
second building block, the EF-supporting activities, uses intentionally 
designed activities that challenge EF development and have EF 
development as the explicit goal. This building block integrates 
specific (reaction, memory, or board) games to boost children’s EFs in 
daily school life, much like the Red Light Purple Light and Tools of the 
Mind programs did (Bierman and Erath, 2006; Diamond and Lee, 
2011; Tominey and McClelland, 2011; Mattera et al., 2021). Movement 
exercises are also a part of this building block (Best, 2010; Copeland 
et al., 2011; Becker et al., 2014). The third and last building block is 
supportive classroom structure, which is related to organizational 
support (Downer et al., 2010). In this building block, teachers focus 
on how to introduce different activities and the organization of 
transition moments in the class, providing tips and tricks to make 
existing activities and transition moments more EF-oriented (e.g., 
avoid redundant visual and auditory stimuli, introduce peer-regulated 
activities, or use a Montessori mat).

We believe that the implementation of the abovementioned TTI 
framework and guidelines for high-quality childhood education is 
precisely what will impact children’s EF development through this 
program. Previous studies have indicated mixed results for existing 
classroom programs (Takacs and Kassai, 2019; Ștefan et al., 2022), most 
of which were conducted in North-American contexts. Therefore, the 
“Put your EF glasses on” program aims to contribute to the field by 
providing a comprehensive, universal classroom program that can 
be seamlessly integrated into the daily classroom routine in Belgium. 
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This program is novel in its approach as it focuses on integration in the 
daily classroom by not only providing specific EF-activities, but also 
having attention for high-quality teacher-child interactions and 
supportive classroom organization. Overall, the “Put your EF glasses on” 
program is flexible and can be tailored to meet the needs of teachers and 
children, rather than being strictly followed as a program or method.

In this pilot study, we  examined whether this state-of-the-art 
classroom program can provide first support for positive outcomes in 
EF development in preschoolers. Overall, we acknowledge that the 
preschool period presents an ideal time to influence the development 
of EF, given the demonstrated plasticity and adaptability of the neural 
systems that support EF (Garon et al., 2008; Blair and Raver, 2014). 
Next, a meta-analysis has shown that teachers can impact EF 
development by creating an emotionally positive, structured, and 
cognitively stimulating environment (Vandenbroucke et al., 2018). 
Finally, the most successful approach for enhancing EFs is a 
combination of direct (such as specific games) and indirect methods 
(such as improving teacher-child interactions), in a child’s natural 
environment (Diamond and Lee, 2011; Diamond, 2012). Thus, this 
program is well-suited for stimulating EFs, offering the ideal timing 
and setting, and an ideal balance of direct and indirect methods.

Current study

Considering the importance of (1) preschoolers’ rapid EF 
development, (2) early intervention to remediate possible adverse 
effects of poverty on EF, and (3) the teacher-child environment in EF 
interventions, the “Put your EF glasses on” program was created. This 
teacher-mediated program aims to strengthen preschoolers’ EF, 
consistent with the idea that well-developed EFs in preschoolers can 
foster school readiness, lay a foundation for future academic 
achievement, and prevent school failure. By targeting early childhood 
education, this program could remediate the emerging SES gap in EFs 
between children living in poverty and children who do not. This way, 
this program hopes to contribute to long-term poverty reduction by 
giving low-SES children every opportunity to develop optimally. The 
current pilot study aimed to provide first support for whether the “Put 
your EF glasses on” program could improve EFs. The study was 
performed in preschool schools with a high percentage of low-SES 
children using a quasi-experimental pretest-posttest design. Consistent 
with previous research, we hypothesized that all children would benefit 
from the program and that children with low EFs would show the 
strongest improvements in all EFs (Diamond and Lee, 2011; 
Diamond, 2012).

Materials and methods

Study design

The Social and Societal Ethics Committee of the research institute 
approved this study (G-2016 07589). The effect of the “Put your EF 
glasses on” program was examined using a quasi-experimental pretest-
posttest design. The program includes curricula with personalized 
coaching for teachers. The current study had one control condition 
and two experimental conditions. Teachers in the experimental 
condition implemented the program using the “Put your EF glasses 

on” didactics for 13 weeks, spanning 5 months, including the pretest 
and holiday weeks. Before implementation, these teachers participated 
in a group workshop that provided conceptual insights into EF and 
information about the program. There are two groups within the 
experimental condition: the experimental full and experimental light 
condition. The teachers of schools in the experimental full condition 
received weekly in-class coaching on the program and peer-to-peer 
intervision sessions, in addition to the group workshop that the 
experimental light condition only received. The teachers in the control 
condition did not get any training and practiced teaching as usual.

The current study conducted both a pretest and a posttest in 
control and experimental conditions. The average time interval 
between the pretest and the posttest was 6 months (M = 6.32, SD = 0.5).

Participants

The current study included children and teachers from eight regular 
preschools in Belgium. These schools were selected based on the number 
of low-SES children enrolled, i.e., at least 30% were low-SES children. 
The number of low-SES children in each school is readily available 
information, as this is necessary for the school’s funding by the Flemish 
government. Children are identified as low-SES children if they meet at 
least one of two criteria; (1) maternal education level is low (i.e., no 
secondary education degree), (2) have a low family income and receive 
a scholarship. Of each school, three randomly selected classes and their 
head teachers participated; one of the first, second, and third grades of 
preschool, with children’s age ranging from 3.9 to 6.8  years old 
(Mage = 52.61 months) respectively. Schools sent out invitations for 
participation to the children since each school had lists of low and 
middle-to-high-SES children from enrollment. Researchers performed 
a stratified random sampling method on each list and randomly selected 
five low-SES children and five middle-to-high-SES children in each 
class, based on the alphabetical order of their last names (1, 3, 5, ……), 
adding up to 10 children per class. Upon receiving parental consent for 
each child’s participation, the researchers obtained the SES information 
of the participating child, including the SES (low versus middle-to-
high), maternal education level, home language, and family composition. 
The family income or scholarship information was not disclosed 
(Table 1). If parents did not want to participate, another child further 
down the alphabetical list was selected from the relevant list. If one 
specific group (i.e., low SES or middle-to-high SES) was complete, any 
new participant would be denied if their SES belonged to this already 
complete group. The selection process would continue down the 
alphabetical list until all missing conditions were filled. As such, in each 
school, 30 children could participate in the study. This yielded an initial 
sample consisting of 228 children. Due to dropout after the pretest, the 
final sample size dropped to 224 children (i.e., middle-to-high-SES 
children: n = 119, 53.1%; low-SES children: n = 105, 46.9%). In the final 
sample, boys and girls were equally represented (boys: n = 107, 48.0%; 
girls n = 116, 52.0%), as were the different grades of preschool (first 
grade: n = 72, 32.1%; second grade: n = 74, 33.0%; third grade: n = 78, 
34.8%). Next to the 224 children, 24 teachers participated. Eligible 
schools were assigned to the study conditions based on the school’s 
location. Since one city council financed and supported intervention 
implementation in its city (please note that the researchers had no 
research funding to finance the project), they required schools in their 
city to be  assigned to the experimental full or (waitlist) control 
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conditions. Whether a school was assigned to the experimental full 
(n = 3) or the control (n = 3) conditions was decided randomly. Schools 
in the neighboring city were assigned to the experimental light condition. 
Schools in the full and light conditions represented the experimental 
condition (n = 5 schools, 15 teachers, 139 children, of whom 71 were 
from low-SES families). For this study, other schools in the funder’s city 
were designated as the control group (n = 3, 9 teachers, 85 children, of 
whom 34 were from low-SES families). Please note that (1) on lower 
levels of recruitment (stratified), random selection took place (i.e., class 
within school and children with classes), and (2) experimental and 
control schools had the same student populations, meaning that all of 
these schools were part of regular preschool education, within the same 
geographical area, Flemish and municipal schools. Additionally, as the 
city council aimed to implement this program in the schools with 
highest needs (i.e., with most children at risk for poor EF skills), all 
schools had at least 30% indicator students. After the study, parents were 
not explicitly informed that their child was selected based on SES, but 
they were notified of the study’s general results (i.e., including the 
reference to the SES differential effect in the findings) through a website 
included in the informed consent form. The website provided detailed 
information regarding the study, research questions, and outcomes.

Instrument

Executive functioning was operationalized by a teacher-rated 
questionnaire, the Behavior Rating Inventory of Executive 

Functioning – Preschool version (BRIEF-P; Gioia et al., 2000). The 
Behavior Rating Inventory of Executive Functioning – Preschool 
version is a standardized questionnaire suitable for assessing 
preschoolers (2–5 years; Gioia et  al., 2000). The questionnaire 
consists of 63 items evaluating everyday behavioral manifestations 
of executive functioning. In this study, the teachers filled out the 
BRIEF-P before and after the program implementation. All items are 
classified into five clinical subscales (inhibit, shift, emotional control, 
working memory, and plan/organize). These subscales form the 
summary score labeled the Global Executive Composite (GEC), a 
total problem score that provides information on general, daily 
executive dysfunction. Teacher-rated scores were found to be valid 
and reliable in preschoolers (Ezpeleta et al., 2012). Specifically, the 
Dutch version showed high reliability and validity in older children 
(Huizinga and Smidts, 2010). Therefore, we chose this task because 
of its high ecological validity (Toplak et al., 2013). For distribution 
and reliability of the scales, see Supplementary Table 6, 7.

Program

The experimental groups were trained in the didactics of the “Put 
your EF glasses on” program, which aims to improve executive 
functioning in children. These didactics consist of three building 
blocks: high-quality teacher-child interactions, EF-supporting 
activities, and supportive classroom structure (Feryn, 2017). The 
building blocks were introduced to all teachers of the experimental 

TABLE 1 Characteristics of children in control and experimental groups (n = 224).

Characteristics Total Conditions

Control Experimental

n (%) n (%) n (%) χ2 p

Child gender 0.374 0.541

Male 107 (48.0) 43 (50.6) 64 (46.4)

Female 116 (52.0) 42 (49.4) 74 (53.6)

Year 0.015 0.992

1st year of preschool 72 (32.1) 27 (31.8) 45 (32.4)

2nd year of preschool 74 (33.0) 28 (32.9) 46 (33.1)

3rd year of preschool 78 (34.8) 30 (35.3) 48 (34.5)

SES 2.600 0.107

Middle to high 119 (53.1) 51 (60.0) 68 (48.9)

Low 105 (46.9) 34 (40.0) 71 (51.1)

Education mother 3.239 0.072

Middle to high 122 (54.7) 53 (62.4) 69 (50.0)

Low 101 (45.3) 32 (37.6) 69 (50.0)

Home language 5.743 0.017*

Dutch 111 (49.8) 51 (60.0) 60 (43.5)

Other 112 (50.2) 34 (40.0) 78 (56.5)

Family composition 0.569 0.451

One-parent family 17 (7.6) 5 (5.9) 12 (8.6)

Two-parent family 207 (92.4) 80 (94.1) 127 (91.4)

*Significant at 0.05 level (2-tailed).
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conditions (both full and light) during the group workshop. All 
teachers implemented the building blocks one by one every 3 weeks. 
The last 3 weeks of the program consisted of integrating the different 
building blocks into their daily activities and interactions. The teachers 
in the experimental full condition received 12 weekly in-class personal 
coaching and 4 intervision sessions on how to apply the building 
blocks, while those in the experimental light condition did not.

The first building block, i.e., EF interactions, focused on high-
quality interactions between the teacher and children. The goal of this 
block was to support EF development by optimizing the daily 
interactions between teachers and children. More concretely, teachers 
were taught to help children think about and explicitly share their 
mental processes during play or task performance, i.e., an example of 
instructional support. Among other things, teachers used mirror talk 
(e.g., “I see you are jumping around. Apparently, you find it difficult 
to wait for your turn.”), the think-aloud strategy (e.g., “I want to eat 
this cookie now, but I will have to wait until we have finished our 
song.”) or taught the children the stop, think, act strategy (e.g., “I stop, 
I think and only answer after.”; Upshur et al., 2017; Zelazo et al., 2018). 
These examples helped children to suppress primary, impulsive 
reactions (inhibition) and become more mindful of their emotions 
and thoughts, which can help them direct their own behavior 
accordingly. The presented EF interactions adhere to the domains 
mentioned earlier of emotional and instructional support (Downer 
et al., 2010; Hamre et al., 2013). In the domain of emotional support, 
the program presents different strategies to improve emotion 
regulation and support socio-emotional development. For instance, 
the manual describes different techniques to create rest for children 
when upset and provides tools to teach children to cope with stress 
(e.g., using pictograms with stress relievers such as “listen to calm 
music” or “take a deep breath”). In the domain of instructional 
support, the goal is for the teacher to model desired behavior. The 
child can then learn by observing and imitating this desired behavior 
(Bandura, 1977). Other described instructional interactions find roots 
in Vygotsky’s theory, which signifies the importance of make-believe 
play in the development of EFs (Vygotsky, 1967). Play contributes to 
developing self-regulatory behaviors and EFs (e.g., planning and 
monitoring, since children need to plan their play, divide roles and 
stick to them; Bodrova and Leong, 2019; Doebel and Lillard, 2023). 
As make-believe play might be challenging for young children, the 
manual offers interactions that can scaffold and structure 
children’s play.

The second building block zoomed in on specific EF-supporting 
activities. A wide range of activities, such as (non-)computerized and 
physical games that have been proven to support the development of 
EFs are used in daily curricula (Diamond and Lee, 2011). As such, the 
program provided several non-computerized and physical games to 
perform in the classroom to improve children’s EFs. In addition, 
several play-based activities were provided. The manual described 78 
activities, classified into six categories: EF-reaction games, EF-memory 
games, EF-board games, EF-movement games, EF-picture books, and 
EF-puppet play. An example of one of these EF-board games was the 
game “Candy” (Beleduc, 2017). This game focused explicitly on 
inhibition and emotional control (Feryn, 2017). In this game, the 
children are asked to look for and match colored candies, depending 
on the color of their thrown dice. As the piece of candy had different 
colors, children were supposed to inhibit distracting colors of their 
piece of candy, as well as other multicolored pieces. This game can 

be complicated by increasing the amounts of dice and thus the number 
of colors to search, thus making working memory crucial for playing.

The last building block is supportive classroom structure, which 
is related to organizational support (Downer et al., 2010; Hamre et al., 
2013). Here the teachers focused on how they introduced existing 
activities and organized transition moments in the class. Consistent 
classroom behavior routines and time use support the development of 
EFs (Hamre et al., 2013). The manual provided different tips and tricks 
to make existing activities and transition moments more EF-oriented 
(e.g., avoid redundant visual and auditory stimuli or introduce peer-
regulated activities). The aim of these teacher activities was to avoid 
cognitive overload in the children as this could harm their EF 
development, by offering them structure, clarity, and predictability.

The weekly in-class coaching of the teachers in the experimental 
full condition consisted on the one hand of individual coaching by an 
expert trainer (i.e., someone who is a teacher educator and has a 
degree in teaching as well) and on the other hand of intervision 
sessions within the teacher team of the school. Individual coaching 
was provided in 12 sessions. The expert trainer observed the 
participating teachers, gave feedback, and implemented co-teaching. 
Note that the expert trainer, in this case, is also the program’s author. 
The program’s building blocks were the focus in terms of content of 
the coaching: EF-interactions were discussed from the first to the third 
session, EF-activities from the fourth to the sixth session, and 
supportive classroom structure from the seventh to the ninth session. 
The last three sessions provided demand-driven support tailored to 
the teacher. The second part of the coaching consisted of four 
intervision sessions within the teacher team of the preschool school. 
During these intervision sessions, practical experiences were 
exchanged, and teachers were asked about their motivation. The 
content of the intervision sessions depended on the timing of the 
program; the first three sessions focused, respectively, on the first, 
second, and third building block, while the last session provided 
demand-driven support tailored to the entire teacher team.

Data analysis

The first step was to combine the experimental full condition 
and the experimental light condition, as analysis proved no 
significant differences between these two experimental groups on 
the dependent variables (p-values ranged between 0.224 and 0.988 
on pre-and post-test differences; see Supplementary Tables 2 and 
3). Consequently, a new dummy variable, “Condition” (0 = control 
condition, 1 = experimental condition), was created, whereby both 
experimental groups (light and full) were combined into one 
category. The sample demographics in the three conditions can be 
found in Supplementary Table 1.

Multilevel analyses were opted to investigate the program’s effects 
on EFs and its interaction with the children’s SES status because the 
current study consisted of hierarchical data of children clustered 
within teachers. Peugh (2010) states that evaluating the need for 
multilevel modeling is done by looking at the intraclass correlation 
(ICC) to capture the variance at level two of the model (e.g., teachers). 
It is recommended to take multilevel structure into account with ICCs 
above 0.10 (Byrne, 2013), although ICCs as low as 0.01 are already 
found to increase the type 1 error (Musca et al., 2011). Next to the 
ICC, it is also advisable to look at the specific design effects to check 
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the impact of clusters on the variance compared to a traditional 
regression model (not accounting for the clustering; Moerbeek and 
Teerenstra, 2016). Design effects of a value of 2 or higher typically 
indicate the need to consider clustering (Peugh, 2010). Mplus v8.8 
(Muthén and Muthén, 1998-2017) was used to run an empty model. 
The ICCs at teacher-level ranged from 0.059 to 0.124 (only 0.003 to 
0.030 at school-level), and design effects varied between 1.460 and 
1.966. Thus, presenting the need to control for clustering (Peugh, 
2010; Moerbeek and Teerenstra, 2016; Heck et al., 2022).

Consequently, a fixed effects regression approach within Mplus 
was used. This approach accounts for the clustering by including it as 
a fixed effect next to the group effect. This way, the standard errors are 
corrected for the clustering. Moreover, this approach allows for 
smaller standard errors when working with little clusters (Galbraith 
et al., 2010).

Specifically, MLR (maximum likelihood with robust standard 
errors) was used via the type-complex analysis method, as this included 
certain advantages. Firstly, MLR is relatively robust against violations of 
the normality assumption and the independence of observations 
assumption. Secondly, this estimator allows us to perform multilevel 
analysis using unbalanced groups (Muthén and Muthén, 1998-2017). 
Moreover, Mplus also provides the benefit of running a Full Information 
Maximum Likelihood (FIML) algorithm to use all data available to fit 
the model as default rather than losing information as done with list-
wise deletion of missing data, which, in turn, could lead to parameter 
estimation being biased and inaccurate standard errors (SEs; Newman, 
2014; Heck et al., 2022). Furthermore, the FIML algorithm is a good fit 
in combination with models using a random intercept (Hox et al., 2017). 
Depending on the variable, missing data ranged from 1.3 to 5.8% 
(averages of around 2% pretest and 6% posttest level).

In general, assumptions were checked using the following procedure: 
first, the independence of residuals was assessed by the Durbin-Watson 
statistic. Second, data were checked for homoscedasticity, as assessed by 
visual inspection of a plot of studentized residuals versus unstandardized 
predicted values. Third, tolerance values were used to assess 
multicollinearity. Next, data points were classified as outliers if leverage 
values were greater than 0.2 and/or values for Cook’s distance above 1 
were found. In addition, data points should not have studentized deleted 
residuals greater than +/− 3 standard deviations. As a final step, the 
assumption of normality was assessed by a Q-Q Plot. Note that small 
deviations are not a problem since MLR is relatively robust against 
violation of the normality assumption.

As a sensitivity analysis, all analyses were performed with and 
without outliers. No differences were found in the significance of the 
effects, showing the robustness of the found effects. In the rare case 
that a difference was found after outlier exclusion, the significant 
p-values of the new analysis without outliers are also reported.

Results

Descriptive statistics

The sample demographics and correlations between outcome 
variables at pre- and post-measurement are reported in Tables 1, 3, 
respectively. Concerning the gender distribution, boys and girls were 
distributed equally across the SES groups. The low-SES group 
comprised 55 boys (53%) and 49 girls (47%). Moreover, the middle-
to-high SES group consisted of 52 boys (44%) and 67 girls (56%). 
There was no significant association between SES and Gender, χ2 (1, 
224) = 1.877, p = 0.171. One child had no gender information available, 
while another child’s mother’s education level and home language 
information were missing.

Pretest differences

As a first step, the pretest differences between the control and 
experimental groups were analysed (for demographics see Table 1).

Concerning the BRIEF-P components (inhibit, shift, emotional 
control, working memory, plan/organize, and GEC), the non-parametric 
Mann–Whitney-U test was used based on the distribution of the data. 
These analyses showed no significant difference between the control and 
experimental group at the pretest level except for planning and 
organizing (p = 0.028) and a near-significant result for inhibition 
(p = 0.053), with both problem scores being higher in the control group. 
Thus, hinting at a careful interpretation of these results (note pretest 
scores were controlled for in our analyses; see Table 2).

Additionally, the pretest differences in executive functioning 
problems were compared in the two SES groups. Significant differences 
based on non-parametric Mann–Whitney-U tests were found on four 
EF variables, i.e., working memory, planning and organizing, GEC, 
and inhibition, although the latter showed a near-significant group 
difference (p = 0.055). However, there were no significant group 
differences on two other EF variables, being shifting and emotional 
control. In conclusion, children of low SES had higher problem scores 
on EF variables than children of middle-to-high SES at the pretest 
level (see Table 4).

Program effects

Global executive composite (GEC)
There was a significant main effect of SES and a significant 

interaction effect between the condition and SES status on the Global 
executive composite (GEC) score. However, the program had no 
significant main effect (see Table  5). Looking more closely at the 
significant interaction effect, the data showed that the effect of the 
program depended on the child’s SES status. More specifically, there was 
only a significant intervention effect for the low-SES children. The 
graphs of the GEC of the pre-and post-measurements (see Figures 1, 2) 

TABLE 2 Pretest differences in BRIEF-P scores between control and 
experimental groups.

Control Experimental p r

n M SD n M SD

WM 80 24.58 7.52 139 24.01 8.27 0.232 0.08

Inhibit 82 23.93 7.68 139 22.54 7.97 0.053 0.13

Plan./Org. 82 15.09 4.63 139 14.02 4.70 0.028 0.15

Shift 79 12.32 3.02 139 12.01 3.26 0.151 0.10

Emot. Contr. 81 13.44 3.98 139 12.91 4.14 0.119 0.10

GEC 76 88.28 20.97 139 85.49 23.47 0.096 0.11

WM, working memory; Inh., inhibition; Plan./Org., planning and organizing; Shift., shifting; 
Emot. Contr., emotional control; GEC, global executive composite. Please note that the 
r-coefficient, calculated by the Z-score divided by the square root of N, is used for non-
parametric tests. This can be interpreted via Cohen’s rules for Cohen’s d.
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demonstrate that the low-SES children who participated in the program 
showed stable levels of EF problems over time, in contrast to the 
low-SES children in the control group who exhibited an increase in EF 
problems over time. In conclusion, this outcome suggests that the 
program can narrow the gap typically observed between children from 
low and high socioeconomic backgrounds.

Working memory (WM)
When looking at the effect on working memory, there was no 

significant main effect of the program. However, a significant main 
effect of SES and a significant interaction effect between the 
experimental condition and the SES status were found (see Table 5). 
Looking at the significant interaction effect, the program significantly 
impacted working memory problem scores, but only in low-SES 
children. This effect was similar to the effect displayed in Figure 1.

Shifting (shift)
Concerning the program’s effect on shifting, there was no 

significant main effect of the program. However, a significant main 
effect of SES and a significant interaction effect between the 

experimental condition and the SES status were observed (see 
Table 5). Concerning the interaction effect, the program significantly 
impacted shifting problem scores, but only in low-SES children. This 
effect was similar to the effect displayed in Figure 1.

Inhibition (inhibit)
No significant main or significant interaction effects were found 

regarding inhibition (see Table  5). Note the sensitivity analysis 
revealed that when outliers were excluded from the analysis (3 outliers 
were removed), a significant main effect of SES was found (β = 0.172, 
SE = 0.071, p = 0.015). In addition, the low-SES children had 
significantly higher problem scores at the posttest than the middle-to-
high-SES children after controlling for the pretest scores.

Planning and organizing (plan/org)
Regarding planning and organizing, again, a significant main 

effect of SES and a significant interaction effect between the 
experimental condition and SES status was observed. However, there 
was no significant main effect of the program (see Table  5). The 
low-SES group in the intervention condition had significantly lower 
problem scores on planning and organizing after controlling for the 
pretest levels. This effect was similar to the effect displayed in Figure 1.

Emotional control (emot. contr.)
For emotional control, no significant main effect of SES or 

experimental condition was found. Furthermore, there was no 
observed significant interaction effect.

Discussion

In this first pilot study, we explored the impact of an interaction-
based classroom program on preschoolers’ executive functioning (EF) 
skills. The “Put your EF glasses on” program emphasized the importance 
of developing optimal EF skills in this age group, as these EFs develop 
rapidly and are crucial for current and future well-being and 
functioning. In addition, research has demonstrated that children from 
low-SES families often have an early and persistent disadvantage in EFs. 

TABLE 3 Correlations between BRIEF-P scores at pretest and posttest.

BRIEF-P 
problem scales

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

(1) Inhibit PRE -

(2) Shift PRE 0.34** -

(3) WM PRE 0.68** 0.38** -

(4) Plan/Org. PRE 0.62** 0.40** 0.92** -

(5) Emot. Contr. PRE 0.56** 0.61** 0.36** 0.35** -

(6) GEC PRE 0.87** 0.58** 0.90** 0.87** 0.65** -

(7) Inhibit POST 0.78** 0.23** 0.51** 0.45** 0.41** 0.67** -

(8) Shift POST 0.29** 0.41** 0.29** 0.28** 0.34** 0.38** 0.37** -

(9) WM POST 0.52** 0.22** 0.69** 0.61** 0.23** 0.64** 0.65** 0.45** -

(10) Plan/Org. POST 0.50** 0.22** 0.66** 0.63** 0.27** 0.63** 0.60** 0.51** 0.91** -

(11) Emot. Contr. POST 0.52** 0.29** 0.25** 0.22** 0.67** 0.47** 0.60** 0.57** 0.31** 0.34** -

(12) GEC POST 0.69** 0.31** 0.64** 0.58** 0.45** 0.73** 0.87** 0.63** 0.89** 0.87** 0.65** -

WM, working memory; Inh., inhibition; Plan./Org., planning and organizing; Shift., shifting; Emot. Contr., emotional control; GEC, global executive composite; pre, measurement at pretest 
level; post, measurement at posttest level. Higher scores on the BRIEF indicate more EF problems. **Significant at 0.01 level (2-tailed).

TABLE 4 Pretest differences in BRIEF-P scores between SES groups.

Low-SES group Middle-to-high 
SES group

p r

n M SD n M SD

WM 104 26.11 8.60 115 22.51 7.01 <0.001 0.23

Inhibit 104 24.06 8.21 117 22.16 7.51 0.055 0.13

Plan./Org. 104 15.36 5.05 117 13.58 4.19 0.004 0.19

Shift 103 12.26 3.30 115 11.99 3.06 0.250 0.08

Emot. 

Contr.
104 13.05 4.20 116 13.16 3.98

0.855 0.01

GEC 103 90.76 23.36 112 82.54 21.25 0.003 0.20

WM, working memory; Inh., inhibition; Plan./Org., planning and organizing; Shift., shifting; 
Emot. Contr., emotional control; GEC, global executive composite. Please note that the 
r-coefficient, calculated by the Z-score divided by the square root of N, is used for non-
parametric tests. This can be interpreted via Cohen’s rules for Cohen’s d.
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The program aimed to boost children’s EFs through high-quality 
teacher-child interactions, EF-supporting activities (e.g., games), and a 
supportive classroom structure. This pilot study used a quasi-
experimental pretest-posttest design to compare the “Put your EF 
glasses on”program against standard practice, especially in schools with 
a high proportion of low-SES children. The effects of the program on 
the EF development of, specifically low-SES, children appear promising.

Effectiveness of the program

The “Put your EF glasses on” program positively affected most EF 
measures, but only in low-SES children. Much like in the study of 
Tominey and McClelland (2011), there was less room for improvement 
in the middle-to-high SES group, as they already had low pretest problem 
scores. Because these children likely come from more stable home 
environments with less stress and more stimulation, it is possible that the 
program did not significantly impact on their EF development (Koşkulu-
Sancar et al., 2023). For the low-SES group, the program was found to 
positively influence children’s total EF skills, as indicated by a stabilization 
in total problem scores. Specifically, teachers reported less problem 
behavior in low-SES children on working memory, shifting, and 
planning and organizing. This result is in line with other studies on 
preschool classroom programs (Diamond and Lee, 2011; Tominey and 
McClelland, 2011; Blair and Raver, 2014; Schmitt et al., 2015; Pauli-Pott 
et al., 2021). In addition, improving working memory is favorable for 
further academic success, as it is strongly related to school readiness, 
reading and mathematics achievement (Blair and Razza, 2007; Brock 
et  al., 2009; De Smedt et  al., 2009; Alloway and Alloway, 2010; 
Christopher et al., 2012; Vandenbroucke et al., 2017). Furthermore, core 
EFs, such as working memory and shifting, are the foundation of 
essential skills for future success, like reasoning, problem-solving, and 
planning (Diamond, 2013). These first indications of the program’s 
effectiveness may be attributed to several plausible factors. The program’s 
three building blocks (i.e., high-quality teacher-child interactions, 
EF-activities, and supportive classroom structure) can be linked to the 
Teaching Through Interactions framework (Hamre et al., 2013). The first 
building block, high-quality teacher-child interactions, was developed in 
line with the emotional and instructional support interactions. 
Attachment theorists suggest that children experiencing emotional 
supportive interactions from their teachers feel connected to and 
supported by their teachers (Downer et al., 2010; Hamre et al., 2013). 
This secure base encourages children to take risks and explore the 
learning environment, which in turn fosters learning and (EF) 
development (Verschueren and Koomen, 2012; Nguyen et al., 2020). The 
program also influences instructional support, where the teachers 
provide rich instructional opportunities by asking open-ended questions, 
providing feedback, challenging higher-order thinking and problem 
solving, and scaffolding, positively influencing children’s EFs (Downer 
et al., 2010; Bardack and Obradović, 2019). The second building block, 
EF-activities provides children with learning opportunities to practice 
EF-behaviors. The third building block, supportive classroom structure 
is based on organizational support within the program help promote 
children’s EFs and engagement in the classroom (Rimm-Kaufman et al., 
2009). For example, teachers ensure clear directions, rules, and 
expectations, and manages children’s productivity, engagement and 
behavior (Downer et al., 2010). Overall, the program’s effectiveness can 
be attributed to its three building blocks, aligned with the Teaching T
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Through Interactions framework. By training EFs directly and indirectly, 
in a child’s natural environment (Diamond and Lee, 2011), the program 
can significantly contribute to children’s learning and development by 
providing emotional and instructional support, explicitly practicing EF 
behaviors, and creating a supportive classroom environment that 
promotes EF development. In general, different activities were used to 
support the development of EFs in children. By providing more structure 
(building block 3), we believe children are less overloaded, thus providing 
a more developmentally-appropriate context necessary for optimal 
cognitive development, including EF development. Along with effective 
training of EF (building block 2) and teacher scaffolding interactions to 
support EF development (building block 1), we believe that children 
have improved in their EF (as reported by teachers). For instance, 
children were supported by the teachers to inhibit their initial reactions 
(for example, through the use of stop-think-do strategies), helped 
become aware of their thoughts and emotions (for example, through the 
use of think-aloud strategies), and encouraged to find their own 
solutions. However, future research needs to examine which building 
block has contributed most to the intervention effect. Although this 
program affected several EF-problem scales, our results showed no 
effects on inhibition and emotional control among low-SES children. 
However, there is a trend where low-SES children showed fewer 
inhibition problems after the program, but it was not significant, perhaps 
due to a lack of power (p = 0.088). Other preschool classroom programs 
also did not find an effect on inhibition (Domitrovich et  al., 2007; 
Bierman et al., 2008; Pauli-Pott et al., 2021; Sankalaite et al., 2021). In 
contrast, the Tools of the Mind program did affect inhibition and had 

even stronger effects for low-SES preschoolers (Diamond et al., 2007; 
Blair and Raver, 2014). An explanation could be that these studies used 
performance-based measures instead of questionnaires. Additionally, 
previous longitudinal research has shown limited internal validity of 
inhibition in young children (Roebers et al., 2011; Vandenbroucke et al., 
2017). As such, this construct might not be  ideal for measuring 
intervention effects.

The program also did not affect emotional control. Emotional 
control is the child’s ability to appropriately modulate an emotional 
response (Roth et al., 2013). Important to note here is that the program 
did not explicitly focus on emotional control strategies but embedded 
emotional control in the three building blocks. For example, as a part 
of building block 1 (high-quality teacher-child interactions), teachers 
are encouraged to provide stress relievers to the children. For instance, 
teachers introduced children to the stop bench. This stop bench is a 
place for a child to take a moment to reflect on the situation and their 
behavior and to learn to internalize the stop-think-act strategy. Thus, 
although the program attended to emotional control, it may not have 
been enough to improve emotion regulation. Similarly, a review study 
showed small effects of classroom programs on emotion regulation 
(Sankalaite et  al., 2021). However, preschool programs explicitly 
focusing on emotional competence only impacted emotion knowledge 
(Domitrovich et  al., 2007; Barnett et  al., 2008). On the contrary, 
another meta-analysis showed that implicit training of self-regulation 
through mindfulness, for instance, appears more promising than 
direct training of EFs (Takacs and Kassai, 2019). To nuance, in our 
pilot study, improving emotional control might be  unnecessary 
because there was no difference at the pretest in emotional control 
between low-SES and middle-to-high-SES children, suggesting no 
developmental deficit among low-SES children.

In the control schools (where the teachers practiced teaching as 
usual), our results suggested that low-SES children developed more 
EF problems after one school year. In contrast, the EF scores of 
children from middle-to-high-SES families remained stable, 
suggesting that their EFs developed normally. As such, there appears 
to be an expanding gap in the control group in EF problems between 
children from low-SES and middle-to-high-SES families.

In summary, our promising findings are consistent with earlier 
research showing that a universal interaction-based classroom program 
can stabilize the decline of children’s EFs in low-SES children (Bierman 
et al., 2008; Connor et al., 2010; Tominey and McClelland, 2011; Blair and 
Raver, 2014; Schmitt et al., 2015)., even in the youngest ones (Bierman 
et  al., 2008; Connor et  al., 2010; Tominey and McClelland, 2011; 

FIGURE 1

Changes in global executive composite problems across groups and timepoints. Higher scores reflect more EF problems.

FIGURE 2

Changes in global executive composite problems across conditions and 
timepoints in low-SES group. Higher scores reflect more EF problems.
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Diamond, 2012; Blair and Raver, 2014; Schmitt et al., 2015). Although 
positive effects were found among low-SES children, the program 
reduced but did not eliminate the expanding gap in EFs. Consequently, 
these results suggest that an EF program spanning over one school year 
is insufficient to remediate low-SES children’s low EF skills fully.

Strengths, limitations, and implications

We acknowledge several limitations of our study. First, given that 
the schools were selected based on the funder’s choice, we applied a 
quasi-experimental design. Future investigations of the effects of this 
classroom program should be done in a randomized controlled trial 
design. This RCT should also include an active control group, in order 
to minimize the influence of teacher’s expectations on their ratings. 
Second, there was possibly insufficient power to pick up smaller 
program effects due to the limited sample size. Larger sample size will 
allow for detecting small or medium effects: roughly 35 clusters of 
9 units are needed to have an estimated power of 0.80 (for medium 
effect size; Scherbaum and Ferreter, 2009). Cohen’s d based on post-
test scores is added in Supplementary Table 5. Third, the children’s EFs 
were assessed with a teacher-rated questionnaire and not with 
performance-based measures (Follmer and Stefanou, 2014). It is 
thought that questionnaires and performance-based measures each 
evaluate different parts of the same construct: questionnaires assess 
daily behaviors, while performance-based measures measure the 
cognitive component (Anderson, 2002). Research has shown that both 
measures deliver unique information and that combining measures 
results in the most reliable conclusions (Huizinga and Smidts, 2010; 
Toplak et al., 2013; Miranda et al., 2015). Moreover, the teacher who 
carried out the intervention program also evaluated each child’s EF 
development, making this evaluation prone to confirmation bias 
(Oswald and Grosjean, 2004). Especially since teachers were aware of 
the study’s hypothesis that the program would have a stronger impact 
for low-SES children, results should be  interpreted with caution. 
However, as there were no effects of the program for middle-to-
high-SES children, confirmation bias seems less plausible. Of course, 
it is also conceivable that the program not only stabilized the 
occurrence of EF problems in children, but also enhanced teachers’ 
perceived ability to manage them. In this line of thinking, the program 
could have improved the teachers’ self-efficacy beliefs, which research 
has positively linked to the quality of classroom processes (e.g., 
instructional support, emotional support and classroom organization; 
Guo et al., 2010; Zee and Koomen, 2016). Conclusively, improved 
teacher self-efficacy might lead to improved classroom processes 
which in turn lead to lower EF problem scores. Fourth, this study had 
two different experimental groups: an experimental full group and an 
experimental light group. The difference between the two groups was 
that the teachers in the first group received additional weekly in-class 
coaching on the program and peer-to-peer intervision sessions by an 
expert trainer (the author of the program). However, our analyses did 
not reveal different effects of the program for these groups, so the 
groups were collapsed in further analyses. While information about 
the optimal implementation model is necessary, this pilot study was 
not ideal for this research question. Future studies with larger sample 
sizes and more specific information on the content and form of the 
personal coaching and the peer-to-peer intervision sessions is 
necessary. Additionally, a follow-up assessment would possibly reveal 

differences between the groups, given the additional time for practice 
with detailed feedback. Fifth, we  focused on SES as defined in 
Belgium. However, we cannot conclude what specific factors related 
to SES status play a role in the program’s effect. Future research should 
delve more extensively into factors such as home language, income, 
and family chaos and examine how they influence the effects of 
interventions. Future research should monitor treatment fidelity (i.e., 
compliance) and dosage (i.e., the quantity of the program delivered) 
to ensure an optimal fit between the feasibility and usage of the 
program (Gottfredson and Gottfredson, 2002; Durlak and DuPre, 
2008; Howard et  al., 2020). Additionally, insight into the 
implementation quality through, for example, classroom observations 
would aid in determining which specific building blocks are most 
effective. While the program is theoretically supported, it is vital to 
gain insight into what works and what does not to achieve maximum 
impact and keep costs as low as possible. Future research should also 
focus on the program’s long-term effects because initially small or 
absent effects of the program may have a later self-boosting snowball 
effect (i.e., sleeper effect), or initially positive effects may disappear 
over time (fading effects; Diamond and Ling, 2016). Last, future 
research using larger samples should also include analyses of 
differential effects in specific age groups to assess whether the program 
benefits young school children of a certain age equally, more or less.

Conclusion

In summary, our pilot study showed that “Put your EF glasses on,” 
a classroom-based program targeting teachers’ EF-supporting skills, 
classroom organization and educational activities, positively affected 
core EFs in preschoolers with low SES. As children at 
sociodemographic risk (i.e., coming from low-SES families) show an 
early and persistent disadvantage in EF development (Mezzacappa, 
2004; Noble et al., 2005; Farah et al., 2006; Lawson et al., 2018), this 
program appears to be a protective buffer. However, a randomized 
controlled trial with sufficient statistical power is needed to confirm 
these first results.

Data availability statement

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

Ethics statement

The studies involving human participants were reviewed and 
approved by the Social and Societal Ethics Committee of KU Leuven 
approved this study (G-2016 07 589). Written informed consent to 
participate in this study was provided by the participants' legal 
guardian/next of kin.

Author contributions

JS, DB, and JW contributed to the conception and design of the 
study and oversaw data collection. JS and DB supervised the 

https://doi.org/10.3389/feduc.2023.1149977
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Kellens et al. 10.3389/feduc.2023.1149977

Frontiers in Education 12 frontiersin.org

writing of the manuscript. FD, JS, and DB performed the statistical 
analyses. SK and FD drafted different sections of the manuscript. 
All authors contributed to the article and approved the 
submitted version.

Funding

The implementation of this “Put your EF glasses on” program was 
supported by the city council of Aalst, Belgium. In addition, the 
Research Council at KU Leuven (3H210403 and 3H190237) and the 
Research Foundation Flanders (11G5422N) financed the research.

Acknowledgments

We thank all schools, teachers, and children for participating in 
this study. We also thank the steering committee for their support and 
the expert coach who implemented this program in different schools. 
Last, we are grateful to the master students of Educational Sciences 
and Psychology who contributed to the data collection.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

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

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/feduc.2023.1149977/
full#supplementary-material

References
Alloway, T. P., and Alloway, R. G. (2010). Investigating the predictive roles of working 

memory and IQ in academic attainment. J. Exp. Child Psychol. 106, 20–29. doi: 10.1016/j.
jecp.2009.11.003

Anderson, P. (2002). Assessment and development of executive function (EF) 
during childhood. Child Neuropsychol. 8, 71–82. doi: 10.1076/chin.8.2.71. 
8724

Baddeley, A. D. (2003). Working memory: looking back and looking forward. Nat. 
Rev. Neurosci. 4, 829–839. doi: 10.1038/nrn1201

Bandura, A. (1977). Social learning theory. Englewood Cliffs, N.J.: Prentice Hall.

Bardack, S., and Obradović, J. (2019). Observing teachers' displays and scaffolding of 
executive functioning in the classroom context. J. Appl. Dev. Psychol. 62, 205–219. doi: 
10.1016/j.appdev.2018.12.004

Barnett, W. S., Jung, K., Yarosz, D. J., Thomas, J., Hornbeck, A., Stechuk, R., et al. 
(2008). Educational effects of the tools of the mind curriculum: a randomized trial. Early 
Child. Res. Q. 23, 299–313. doi: 10.1016/j.ecresq.2008.03.001

Baron, A., Evangelou, M., Malmberg, L.-E., and Melendez-Torres, G. J. (2017). The 
tools of the mind curriculum for improving self-regulation in early childhood: a 
sytematic review. Campbell Syst. Rev. 13, 1–77. doi: 10.4073/csr.2017.10

Becker, D. R., McClelland, M. M., Loprinzi, P., and Trost, S. G. (2014). Physical 
activity, self-regulation, and early academic achievement in preschool children. Early 
Educ. Dev. 25, 56–70. doi: 10.1080/10409289.2013.780505

Beleduc (2017). Candy.

Best, J. R. (2010). Effects of physical activity on children’s executive function: 
contributions of experimental research on aerobic exercise. Dev. Rev. 30, 331–351. doi: 
10.1016/j.dr.2010.08.001

Best, J. R., and Miller, P. H. (2010). A developmental perspective on executive 
function. Child Dev. 81, 1641–1660. doi: 10.1111/j.1467-8624.2010.01499.x

Best, J. R., Miller, P. H., and Naglieri, J. A. (2011). Relations between executive 
function and academic achievement from ages 5 to 17 in a large, representative 
national sample. Learn. Individ. Differ. 21, 327–336. doi: 10.1016/j.
lindif.2011.01.007

Bierman, K. L., and Erath, S. A. (2006). “Promoting social competence in early 
childhood: classroom curricula and social skills coaching programs,” In K. McCartney 
and D. Phillips (Eds.). Blackwell handbook of early childhood development, 595–615. 
Malden, MA: Blackwell.

Bierman, K. L., Nix, R. L., Greenberg, M. T., Blair, C., and Domitrovich, C. E. (2008). 
Executive functions and school readiness intervention: impact, moderation, and 
mediation in the head start REDI program. Dev. Psychopathol. 20, 821–843. doi: 
10.1017/S0954579408000394

Blair, C., and Diamond, A. (2008). Biological processes in prevention and intervention: 
the promotion of self-regulation as a means of preventing school failure. Dev. 
Psychopathol. 20, 899–911. doi: 10.1017/S0954579408000436

Blair, C., and Raver, C. C. (2014). Closing the achievement gap through modification 
of neurocognitive and neuroendocrine function: results from a cluster randomized 
controlled trial of an innovative approach to the education of children in kindergarten. 
PLoS One 9:e112393. doi: 10.1371/journal.pone.0112393

Blair, C., and Raver, C. C. (2015). School readiness and self-regulation: a developmental 
psychobiological approach. Annu. Rev. Psychol. 66, 711–731. doi: 10.1146/annurev-
psych-010814-015221

Blair, C., and Razza, R. P. (2007). Relating effortful control, executive function, and 
false belief understanding to emerging math and literacy ability in kindergarten. Child 
Dev. 78, 647–663. doi: 10.1111/j.1467-8624.2007.01019.x

Blewitt, C., Fuller-Tyszkiewicz, M., Nolan, A., Bergmeier, H., Vicary, D., Huang, T., 
et al. (2018). Social and emotional learning associated with universal curriculum-
based interventions in early childhood education and care centers: a systematic 
review and meta-analysis. JAMA Netw. Open 1:e185727. doi: 10.1001/
jamanetworkopen.2018.5727

Bodrova, E., and Leong, D. J. (2019). Making play smarter, stronger, and kinder: 
lessons from tools of the mind. Am. J. Play 12, 37–53.

Boyce, W. T. (2004). Social stratification, health, and violence in the very young. Ann. 
N. Y. Acad. Sci. 1036, 47–68. doi: 10.1196/annals.1330.003

Brock, L. L., Rimm-Kaufman, S. E., Nathanson, L., and Grimm, K. J. (2009). The 
contributions of ‘hot’ and ‘cool’ executive function to children's academic achievement, 
learning-related behaviors, and engagement in kindergarten. Early Child. Res. Q. 24, 
337–349. doi: 10.1016/j.ecresq.2009.06.001

Brooks-Gunn, J., and Duncan, G. J. (1997). The effects of poverty on children. Futur. 
Child. 7, 55–71. doi: 10.2307/1602387

Burchinal, M., Krowka, S., Newman-Gonchar, R., Jayanthi, M., Gersten, R., Wavell, S., 
et al. (2022). Preparing young children for school (WWC 2022009). Washington, DC: 
National Center for Education Evaluation and Regional Assistance (NCEE). Available 
at:https://whatworks.ed.gov/

Byrne, B. M. (2013). Structural equation modeling with Mplus: Basic concepts, 
applications, and programming. New York: Routledge.

Cadima, J., Verschueren, K., Leal, T., and Guedes, C. (2016). Classroom interactions, 
dyadic teacher-child relationships, and self-regulation in socially disadvantaged young 
children. J. Abnorm. Child Psychol. 44, 7–17. doi: 10.1007/s10802-015-0060-5

Cameron, C. E., Connor, C. M., and Morrison, F. J. (2005). Effects of variation in 
teacher organization on classroom functioning. J. Sch. Psychol. 43, 61–85. doi: 10.1016/j.
jsp.2004.12.002

Cameron, C. E., and Morrison, F. J. (2011). Teacher activity orienting predicts 
preschoolers' academic and self-regulatory skills. Early Educ. Dev. 22, 620–648. doi: 
10.1080/10409280903544405

Chen, E., Matthews, K. A., and Boyce, W. T. (2002). Socioeconomic differences in 
children's health: how and why do these relationships change with age? Psychol. Bull. 
128, 295–329. doi: 10.1037/0033-2909.128.2.295

https://doi.org/10.3389/feduc.2023.1149977
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/feduc.2023.1149977/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/feduc.2023.1149977/full#supplementary-material
https://doi.org/10.1016/j.jecp.2009.11.003
https://doi.org/10.1016/j.jecp.2009.11.003
https://doi.org/10.1076/chin.8.2.71.8724
https://doi.org/10.1076/chin.8.2.71.8724
https://doi.org/10.1038/nrn1201
https://doi.org/10.1016/j.appdev.2018.12.004
https://doi.org/10.1016/j.ecresq.2008.03.001
https://doi.org/10.4073/csr.2017.10
https://doi.org/10.1080/10409289.2013.780505
https://doi.org/10.1016/j.dr.2010.08.001
https://doi.org/10.1111/j.1467-8624.2010.01499.x
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1017/S0954579408000394
https://doi.org/10.1017/S0954579408000436
https://doi.org/10.1371/journal.pone.0112393
https://doi.org/10.1146/annurev-psych-010814-015221
https://doi.org/10.1146/annurev-psych-010814-015221
https://doi.org/10.1111/j.1467-8624.2007.01019.x
https://doi.org/10.1001/jamanetworkopen.2018.5727
https://doi.org/10.1001/jamanetworkopen.2018.5727
https://doi.org/10.1196/annals.1330.003
https://doi.org/10.1016/j.ecresq.2009.06.001
https://doi.org/10.2307/1602387
https://whatworks.ed.gov/
https://doi.org/10.1007/s10802-015-0060-5
https://doi.org/10.1016/j.jsp.2004.12.002
https://doi.org/10.1016/j.jsp.2004.12.002
https://doi.org/10.1080/10409280903544405
https://doi.org/10.1037/0033-2909.128.2.295


Kellens et al. 10.3389/feduc.2023.1149977

Frontiers in Education 13 frontiersin.org

Christopher, M. E., Miyake, A., Keenan, J. M., Pennington, B., DeFries, J. C., 
Wadsworth, S. J., et al. (2012). Predicting word reading and comprehension with 
executive function and speed measures across development: a latent variable analysis. J. 
Exp. Psychol. Gen. 141, 470–488. doi: 10.1037/a0027375

Connor, C. M., Ponitz, C. C., Phillips, B. M., Travis, Q. M., Glasney, S., and 
Morrison, F. J. (2010). First graders' literacy and self-regulation gains: the effect of 
individualizing student instruction. J. Sch. Psychol. 48, 433–455. doi: 10.1016/j.
jsp.2010.06.003

Copeland, K. A., Kendeigh, C. A., Saelens, B. E., Kalkwarf, H. J., and Sherman, S. N. 
(2011). Physical activity in child-care centers: do teachers hold the key to the 
playground? Health Educ. Res. 27, 81–100. doi: 10.1093/her/cyr038

Cumming, M. M., Bettini, E., Pham, A. V., and Park, J. (2020). School-, classroom-, 
and dyadic-level experiences: a literature review of their relationship with students’ 
executive functioning development. Rev. Educ. Res. 90, 47–94. doi: 
10.3102/0034654319891400

De Smedt, B., Janssen, R., Bouwens, K., Verschaffel, L., Boets, B., and Ghesquière, P. 
(2009). Working memory and individual differences in mathematics achievement: a 
longitudinal study from first grade to second grade. J. Exp. Child Psychol. 103, 186–201. 
doi: 10.1016/j.jecp.2009.01.004

Diamond, A. (2012). Activities and programs that improve children's executive 
functions. Curr. Dir. Psychol. Sci. 21, 335–341. doi: 10.1177/0963721412453722

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi: 
10.1146/annurev-psych-113011-143750

Diamond, A., Barnett, W. S., Thomas, J., and Munro, S. (2007). Preschool program 
improves cognitive control. Science 318:1387. doi: 10.1126/science.1151148

Diamond, A., and Lee, K. (2011). Interventions shown to aid executive function 
development in children 4 to 12 years old. Science 333, 959–964. doi: 10.1126/
science.1204529

Diamond, A., and Ling, D. S. (2016). Conclusions about interventions, programs, and 
approaches for improving executive functions that appear justified and those that, 
despite much hype, do not. Dev. Cogn. Neurosci. 18, 34–48. doi: 10.1016/j.
dcn.2015.11.005

Doebel, S., and Lillard, A. S. (2023). How does play foster development? A new 
executive function perspective. Dev. Rev. 67:101064. doi: 10.1016/j.dr.2022.101064

Domitrovich, C. E., Cortes, R. C., and Greenberg, M. T. (2007). Improving young 
children’s social and emotional competence: a randomized trial of the preschool 
“PATHS” curriculum. J. Prim. Prev. 28, 67–91. doi: 10.1007/s10935-007-0081-0

Downer, J., Sabol, T. J., and Hamre, B. (2010). Teacher–child interactions in the 
classroom: toward a theory of within- and cross-domain links to children's 
developmental outcomes. Early Educ. Dev. 21, 699–723. doi: 
10.1080/10409289.2010.497453

Durlak, J. A., and DuPre, E. P. (2008). Implementation matters: a review of research on the 
influence of implementation on program outcomes and the factors affecting implementation. 
Am. J. Community Psychol. 41, 327–350. doi: 10.1007/s10464-008-9165-0

Eng, C. M., Pocsai, M., Fulton, V. E., Moron, S. P., Thiessen, E. D., and Fisher, A. V. 
(2022). Longitudinal investigation of executive function development employing task-
based, teacher reports, and fNIRS multimethodology in 4- to 5-year-old children. Dev. 
Sci. 25:e13328. doi: 10.1111/desc.13328

Eurostat (2018). Living conditions in Europe - 2018 edition. 2018.

Evans, G. W. (2004). The environment of childhood poverty. Am. Psychol. 59, 77–92. 
doi: 10.1037/0003-066X.59.2.77

Ezpeleta, L., Granero, R., Penelo, E., de la Osa, N., and Domènech, J. M. (2012). 
Behavior rating inventory of executive functioning–preschool (BRIEF-P) applied to 
teachers: psychometric properties and usefulness for disruptive disorders in 3-year-old 
preschoolers. J. Atten. Disord. 19, 476–488. doi: 10.1177/1087054712466439

Farah, M. J. (2017). The neuroscience of socioeconomic status: correlates, causes, and 
consequences. Neuron 96, 56–71. doi: 10.1016/j.neuron.2017.08.034

Farah, M. J., Shera, D. M., Savage, J. H., Betancourt, L., Giannetta, J. M., Brodsky, N. L., 
et al. (2006). Childhood poverty: specific associations with neurocognitive development. 
Brain Res. 1110, 166–174. doi: 10.1016/j.brainres.2006.06.072

Feryn, S. (2017). Zet je EF-bril op. Stimuleer de executieve functies van jouw kleuters. 
Die Keure.

Finn, A. S., Minas, J. E., Leonard, J. A., Mackey, A. P., Salvatore, J., Goetz, C., et al. 
(2017). Functional brain organization of working memory in adolescents varies in 
relation to family income and academic achievement. Dev. Sci. 20:e12450. doi: 10.1111/
desc.12450

Follmer, D. J., and Stefanou, C. R. (2014). Examining the correspondence between a 
direct and indirect measure of executive functions: implications for school-based 
assessments. School Psychol. 68, 12–18.

Galbraith, S., Daniel, J. A., and Vissel, B. (2010). A study of clustered data and 
approaches to its analysis. J. Neurosci. 30, 10601–10608. doi: 10.1523/
JNEUROSCI.0362-10.2010

Garon, N., Bryson, S. E., and Smith, I. M. (2008). Executive function in preschoolers: 
a review using an integrative framework. Psychol. Bull. 134, 31–60. doi: 
10.1037/0033-2909.134.1.31

Gioia, G. A., Isquith, P. K., Guy, S. C., and Kenworthy, L. (2000). TEST REVIEW 
behavior rating inventory of executive function. Child Neuropsychol. 6, 235–238. doi: 
10.1076/chin.6.3.235.3152

Gottfredson, D. C., and Gottfredson, G. D. (2002). Quality of school-based prevention 
programs: results from a national survey. J. Res. Crime Delinquency 39, 3–35. doi: 
10.1177/002242780203900101

Guo, Y., Piasta, S. B., Justice, L. M., and Kaderavek, J. N. (2010). Relations among 
preschool teachers' self-efficacy, classroom quality, and children's language and literacy 
gains. Teach. Teach. Educ. 26, 1094–1103. doi: 10.1016/j.tate.2009.11.005

Hackman, D. A., Farah, M. J., and Meaney, M. J. (2010). Socioeconomic status and the 
brain: mechanistic insights from human and animal research. Nat. Rev. Neurosci. 11, 
651–659. doi: 10.1038/nrn2897

Hamre, B. K., and Pianta, R. C. (2005). Can instructional and emotional support in 
the first-grade classroom make a difference for children at risk of school failure? Child 
Dev. 76, 949–967.

Hamre, B. K., Pianta, R. C., Downer, J. T., DeCoster, J., Mashburn, A. J., Jones, S. M., 
et al. (2013). Teaching through interactions. Testing a developmental framework of 
teacher effectiveness in over 4000 classrooms. Elem. Sch. J. 113, 461–487. doi: 
10.1086/669616

Heck, R. H., Thomas, S. L., and Tabata, L. N. (2022). Multilevel and longitudinal 
modeling with IBM SPSS. 3rd Edn. New York: Routledge.

Howard, S. J., Vasseleu, E., Batterham, M., and Neilsen-Hewett, C. (2020). Everyday 
practices and activities to improve pre-school self-regulation: cluster RCT evaluation of 
the PRSIST program. Front. Psychol. 11:137. doi: 10.3389/fpsyg.2020.00137

Howes, C., Wishard Guerra, A., Fuligni, A., Zucker, E., Lee, L., Obregon, N. B., et al. 
(2011). Classroom dimensions predict early peer interaction when children are diverse 
in ethnicity, race, and home language. Early Child. Res. Q. 26, 399–408. doi: 10.1016/j.
ecresq.2011.02.004

Hox, J. J., Moerbeek, M., and Van de Schoot, R. (2017). Multilevel analysis: Techniques 
and applications. New York: Routledge.

Hughes, C. (2011). Changes and challenges in 20 years of research into the 
development of executive functions. Infant Child Dev. 20, 251–271. doi: 10.1002/icd.736

Huizinga, M., Dolan, C. V., and van Der Molen, M. W. (2006). Age-related change in 
executive function: Develomental trends and a latent variable analysis. Neuropsychologia 
44, 2017–2036. doi: 10.1016/j.neuropsychologia.2006.01.010

Huizinga, M., and Smidts, D. P. (2010). Age-related changes in executive function: a 
normative study with the Dutch version of the behavior rating inventory of executive 
function (BRIEF). Child Neuropsychol. 17, 51–66. doi: 10.1080/09297049.2010.509715

Kassai, R., Futo, J., Demetrovics, Z., and Takacs, Z. K. (2019). A meta-analysis of the 
experimental evidence on the near- and far-transfer effects among children’s executive 
function skills. Psychol. Bull. 145, 165–188. doi: 10.1037/bul0000180

Kind en Gezin. (2019). Hoofdstuk 4 Welvaart, inkomen, armoede en 
kansarmoede. Available at: https://www.kindengezin.be/img/Welvaart-inkomen-
armoede-kansarmoede.pdf (Accessed October 28, 2022).

Koşkulu-Sancar, S., van de Weijer-Bergsma, E., Mulder, H., and Blom, E. (2023). 
Examining the role of parents and teachers in executive function development in early 
and middle childhood: a systematic review. Dev. Rev. 67:101063. doi: 10.1016/j.
dr.2022.101063

Lawson, G. M., Duda, J. T., Avants, B. B., Wu, J., and Farah, M. J. (2013). Associations 
between children's socioeconomic status and prefrontal cortical thickness. Dev. Sci. 16, 
641–652. doi: 10.1111/desc.12096

Lawson, G. M., and Farah, M. J. (2015). Executive function as a mediator between SES 
and academic achievement throughout childhood. Int. J. Behav. Dev. 41, 94–104. doi: 
10.1177/0165025415603489

Lawson, G. M., Hook, C. J., and Farah, M. J. (2018). A meta-analysis of the relationship 
between socioeconomic status and executive function performance among children. 
Dev. Sci. 21:e12529. doi: 10.1111/desc.12529

Letourneau, N. L., Duffett-Leger, L., Levac, L., Watson, B., and Young-Morris, C. 
(2013). Socioeconomic status and child development: a meta-analysis. J. Emot. Behav. 
Disord. 21, 211–224. doi: 10.1177/1063426611421007

Lezak, M. (1995). Neuropsychological assessment. 3rd Edn. New York: Oxford 
University Press.

Luby, J., Belden, A., Botteron, K., Marrus, N., Harms, M. P., Babb, C., et al. (2013). The 
effects of poverty on childhood brain development: the mediating effect of caregiving 
and stressful life events. JAMA Pediatr. 167, 1135–1142. doi: 10.1001/
jamapediatrics.2013.3139

Luna, B., Garver, K. E., Urban, T. A., Lazar, N. A., and Sweeney, J. A. (2004). 
Maturation of cognitive processes from late childhood to adulthood. Child Dev. 75, 
1357–1372. doi: 10.1111/j.1467-8624.2004.00745.x

Magnuson, K. A., Meyers, M. K., Ruhm, C. J., and Waldfogel, J. (2004). Inequality in 
preschool education and school readiness. Am. Educ. Res. J. 41, 115–157. doi: 
10.3102/00028312041001115

Magnuson, K. A., and Waldfogel, J. (2005). Early childhood care and education: effects 
on ethnic and racial gaps in school readiness. Futur. Child. 15, 169–196. doi: 10.1353/
foc.2005.0005

https://doi.org/10.3389/feduc.2023.1149977
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.1037/a0027375
https://doi.org/10.1016/j.jsp.2010.06.003
https://doi.org/10.1016/j.jsp.2010.06.003
https://doi.org/10.1093/her/cyr038
https://doi.org/10.3102/0034654319891400
https://doi.org/10.1016/j.jecp.2009.01.004
https://doi.org/10.1177/0963721412453722
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1126/science.1151148
https://doi.org/10.1126/science.1204529
https://doi.org/10.1126/science.1204529
https://doi.org/10.1016/j.dcn.2015.11.005
https://doi.org/10.1016/j.dcn.2015.11.005
https://doi.org/10.1016/j.dr.2022.101064
https://doi.org/10.1007/s10935-007-0081-0
https://doi.org/10.1080/10409289.2010.497453
https://doi.org/10.1007/s10464-008-9165-0
https://doi.org/10.1111/desc.13328
https://doi.org/10.1037/0003-066X.59.2.77
https://doi.org/10.1177/1087054712466439
https://doi.org/10.1016/j.neuron.2017.08.034
https://doi.org/10.1016/j.brainres.2006.06.072
https://doi.org/10.1111/desc.12450
https://doi.org/10.1111/desc.12450
https://doi.org/10.1523/JNEUROSCI.0362-10.2010
https://doi.org/10.1523/JNEUROSCI.0362-10.2010
https://doi.org/10.1037/0033-2909.134.1.31
https://doi.org/10.1076/chin.6.3.235.3152
https://doi.org/10.1177/002242780203900101
https://doi.org/10.1016/j.tate.2009.11.005
https://doi.org/10.1038/nrn2897
https://doi.org/10.1086/669616
https://doi.org/10.3389/fpsyg.2020.00137
https://doi.org/10.1016/j.ecresq.2011.02.004
https://doi.org/10.1016/j.ecresq.2011.02.004
https://doi.org/10.1002/icd.736
https://doi.org/10.1016/j.neuropsychologia.2006.01.010
https://doi.org/10.1080/09297049.2010.509715
https://doi.org/10.1037/bul0000180
https://www.kindengezin.be/img/Welvaart-inkomen-armoede-kansarmoede.pdf
https://www.kindengezin.be/img/Welvaart-inkomen-armoede-kansarmoede.pdf
https://doi.org/10.1016/j.dr.2022.101063
https://doi.org/10.1016/j.dr.2022.101063
https://doi.org/10.1111/desc.12096
https://doi.org/10.1177/0165025415603489
https://doi.org/10.1111/desc.12529
https://doi.org/10.1177/1063426611421007
https://doi.org/10.1001/jamapediatrics.2013.3139
https://doi.org/10.1001/jamapediatrics.2013.3139
https://doi.org/10.1111/j.1467-8624.2004.00745.x
https://doi.org/10.3102/00028312041001115
https://doi.org/10.1353/foc.2005.0005
https://doi.org/10.1353/foc.2005.0005


Kellens et al. 10.3389/feduc.2023.1149977

Frontiers in Education 14 frontiersin.org

Malecki, C. K., and Demaray, M. K. (2006). Social support as a buffer in the 
relationship between socioeconomic status and academic performance. Sch. Psychol. Q. 
21, 375–395. doi: 10.1037/h0084129

Mattera, S., Rojas, N. M., Morris, P. A., and Bierman, K. (2021). Promoting EF with 
preschool interventions: lessons learned from 15 years of conducting large-scale studies. 
Front. Psychol. 12:640702. doi: 10.3389/fpsyg.2021.640702

McCoy, D. C., Jones, S., Roy, A., and Raver, C. C. (2018). Classifying trajectories of 
social–emotional difficulties through elementary school: impacts of the Chicago school 
readiness project. Dev. Psychol. 54, 772–787. doi: 10.1037/dev0000457

Melby-Lervåg, M., and Hulme, C. (2013). Is working memory training effective? A 
meta-analytic review. Dev. Psychol. 49, 270–291. doi: 10.1037/a0028228

Melby-Lervåg, M., Redick, T. S., and Hulme, C. (2016). Working memory training 
does not improve performance on measures of intelligence or other measures of “far 
transfer”: evidence from a meta-analytic review. Perspect. Psychol. Sci. 11, 512–534. doi: 
10.1177/1745691616635612

Mezzacappa, E. (2004). Alerting, orienting, and executive attention: developmental 
properties and sociodemographic correlates in an epidemiological sample of young, 
urban children. Child Dev. 75, 1373–1386. doi: 10.1111/j.1467-8624.2004.00746.x

Miranda, A., Colomer, C., Mercader, J., Fernandez, M. I., and Presentacion, M. J. 
(2015). Performance-based tests versus behavioral ratings in the assessment of executive 
functioning in preschoolers: associations with ADHD symptoms and reading 
achievement. Front. Psychol. 06:545. doi: 10.3389/fpsyg.2015.00545

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and 
Wager, T. D. (2000). The unity and diversity of executive functions and their 
contributions to complex “frontal lobe” tasks: a latent variable analysis. Cogn. Psychol. 
41, 49–100. doi: 10.1006/cogp.1999.0734

Moerbeek, M., and Teerenstra, S. (2016). Power analysis of trials with multilevel  
data. New York: CRC Press.

Moffitt, T., Arseneault, L., Belsky, D., Dickson, N., Hancox, R., Harrington, H., et al. 
(2011). A gradient of childhood self-control predicts health, wealth, and public safety. 
Proc. Natl. Acad. Sci. U. S. A. 108, 2693–2698. doi: 10.1073/pnas.1010076108

Muir, R. A., Howard, S. J., and Kervin, L. (2023). Interventions and approaches 
targeting early self-regulation or executive functioning in preschools: a systematic 
review. Educ. Psychol. Rev. 35:27. doi: 10.1007/s10648-023-09740-6

Musca, S. C., Kamiejski, R., Nugier, A., Méot, A., Er-Rafiy, A., and Brauer, M. (2011). 
Data with hierarchical structure: impact of intraclass correlation and sample size on 
type-I error. Front. Psychol. 2:74.

Muthén, L. K., and Muthén, B. O. (1998-2017). Mplus User's Guide. 8th Edn Muthén 
& Muthén.

Newman, D. A. (2014). Missing data: five practical guidelines. Organ. Res. Methods 
17, 372–411. doi: 10.1177/1094428114548590

Nguyen, T., Ansari, A., Pianta, R. C., Whittaker, J. V., Vitiello, V. E., and Ruzek, E. 
(2020). The classroom relational environment and children’s early development in 
preschool. Soc. Dev. 29, 1071–1091. doi: 10.1111/sode.12447

Noble, K. G., Norman, M. F., and Farah, M. J. (2005). Neurocognitive correlates of 
socioeconomic status in kindergarten children. Dev. Sci. 8, 74–87. doi: 
10.1111/j.1467-7687.2005.00394.x

Oswald, M. E., and Grosjean, S. (2004). “Confirmation bias” in Cognitive illusions. A 
handbook on fallacies and biases in thinking, judgement and memory. ed. R. F. Pohl (NY: 
Psychology Press), 79–96.

Pauli-Pott, U., Mann, C., and Becker, K. (2021). Do cognitive interventions for 
preschoolers improve executive functions and reduce ADHD and externalizing 
symptoms? A meta-analysis of randomized controlled trials. Eur. Child Adolesc. 
Psychiatry 30, 1503–1521. doi: 10.1007/s00787-020-01627-z

Pennington, B. F., and Ozonoff, S. (1996). Executive functions and developmental 
psychopathology. J. Child Psychol. Psychiatry 37, 51–87. doi: 10.1111/j.1469-7610.1996.tb01380.x

Peugh, J. L. (2010). A practical guide to multilevel modeling. J. Sch. Psychol. 48, 
85–112. doi: 10.1016/j.jsp.2009.09.002

Raver, C. C., Li-Grining, C., Bub, K., Jones, S. M., Zhai, F., and Pressler, E. (2011). 
CSRP's impact on low-income preschoolers' preacademic skills: self-regulation as a 
mediating mechanism. Child Dev. 82, 362–378. doi: 10.1111/j.1467-8624.2010.01561.x

Reardon, S. F., and Portilla, X. A. (2016). Recent trends in income, racial, and ethnic 
school readiness gaps at kindergarten entry. AERA Open 2:233285841665734. doi: 
10.1177/2332858416657343

Rimm-Kaufman, S. E., Curby, T. W., Grimm, K. J., Nathanson, L., and Brock, L. L. 
(2009). The contribution of children’s self-regulation and classroom quality to children’s 
adaptive behaviors in the kindergarten classroom. Dev. Psychol. 45, 958–972. doi: 
10.1037/a0015861

Roebers, C. M., Röthlisberger, M., Cimeli, P., Michel, E., and Neuenschwander, R. 
(2011). School enrolment and executive functioning: a longitudinal perspective on 
developmental changes, the influence of learning context, and the prediction of pre-
academic skills. Eur. J. Dev. Psychol. 8, 526–540. doi: 10.1080/17405629.2011.571841

Roorda, D. L., Koomen, H. M. Y., Spilt, J. L., and Oort, F. J. (2011). The influence of 
affective teacher-student relationships on students' school engagement and achievement: 
a meta-analytic approach. Rev. Educ. Res. 81, 493–529. doi: 10.3102/0034654311421793

Rosen, M. L., Hagen, M. P., Lurie, L. A., Miles, Z. E., Sheridan, M. A., Meltzoff, A. N., et al. 
(2020). Cognitive stimulation as a mechanism linking socioeconomic status with executive 
function: a longitudinal investigation. Child Dev. 91, e762–e779. doi: 10.1111/cdev.13315

Rosen, M. L., Sheridan, M. A., Sambrook, K. A., Meltzoff, A. N., and McLaughlin, K. A. 
(2018). Socioeconomic disparities in academic achievement: a multi-modal investigation 
of neural mechanisms in children and adolescents. NeuroImage 173, 298–310. doi: 
10.1016/j.neuroimage.2018.02.043

Roth, R. M., Lance, C. E., Isquith, P. K., Fischer, A. S., and Giancola, P. R. (2013). 
Confirmatory factor analysis of the behavior rating inventory of executive function-
adult version in healthy adults and application to attention-deficit/hyperactivity 
disorder. Arch. Clin. Neuropsychol. 28, 425–434. doi: 10.1093/arclin/act031

Sabol, T. J., Bohlmann, N. L., and Downer, J. T. (2018). Low-income ethnically diverse 
children's engagement as a predictor of school readiness above preschool classroom 
quality. Child Dev. 89, 556–576. doi: 10.1111/cdev.12832

Sabol, T. J., and Pianta, R. C. (2012). Recent trends in research on teacher–child 
relationships. Attach Hum. Dev. 14, 213–231. doi: 10.1080/14616734.2012. 
672262

Sankalaite, S., Huizinga, M., Dewandeleer, J., Xu, C., de Vries, N., Hens, E., et al. 
(2021). Strengthening executive function and self-regulation through teacher-student 
interaction in preschool and primary school children: a systematic review. Front. Psychol. 
12:718262. doi: 10.3389/fpsyg.2021.718262

Scherbaum, C. A., and Ferreter, J. M. (2009). Estimating statistical power and required 
sample sizes for organizational research using multilevel modeling. Organ. Res. Methods 
12, 347–367.

Schmitt, S. A., McClelland, M. M., Tominey, S. L., and Acock, A. C. (2015). 
Strengthening school readiness for head start children: evaluation of a self-regulation 
intervention. Early Child. Res. Q. 30, 20–31. doi: 10.1016/j.ecresq.2014.08.001

Scionti, N., Cavallero, M., Zogmaister, C., and Marzocchi, G. M. (2020). Is cognitive 
training effective for improving executive functions in preschoolers? A systematic review 
and meta-analysis. Front. Psychol. 10. doi: 10.3389/fpsyg.2019.02812

Sirin, S. R. (2016). Socioeconomic status and academic achievement: a meta-analytic 
review of research. Rev. Educ. Res. 75, 417–453. doi: 10.3102/00346543075003417

Snyder, H. R. (2013). Major depressive disorder is associated with broad impairments 
on neuropsychological measures of executive function: a meta-analysis and review. 
Psychol. Bull. 139, 81–132. doi: 10.1037/a0028727

Snyder, H. R., Miyake, A., and Hankin, B. L. (2015). Advancing understanding of 
executive function impairments and psychopathology: bridging the gap between clinical 
and cognitive approaches. Front. Psychol. 6. doi: 10.3389/fpsyg.2015.00328

Starkey, P., Klein, A., and Wakeley, A. (2004). Enhancing young children’s 
mathematical knowledge through a pre-kindergarten mathematics intervention. Early 
Child. Res. Q. 19, 99–120. doi: 10.1016/j.ecresq.2004.01.002

Ștefan, C. A., Dănilă, I., and Cristescu, D. (2022). Classroom-wide school interventions 
for preschoolers’ social-emotional learning: a systematic review of evidence-based 
programs. Educ. Psychol. Rev. 34, 2971–3010. doi: 10.1007/s10648-022-09680-7

Takacs, Z. K., and Kassai, R. (2019). The efficacy of different interventions to foster 
children’s executive function skills: a series of meta-analyses. Psychol. Bull. 145, 653–697. 
doi: 10.1037/bul0000195

Thorell, L. B., Lindqvist, S., Bergman Nutley, S., Bohlin, G., and Klingberg, T. (2009). 
Training and transfer effects of executive functions in preschool children. Dev. Sci. 12, 
106–113. doi: 10.1111/j.1467-7687.2008.00745.x

Tominey, S. L., and McClelland, M. M. (2011). Red light, purple light: findings from 
a randomized trial using circle time games to improve behavioral self-regulation in 
preschool. Early Educ. Dev. 22, 489–519. doi: 10.1080/10409289.2011.574258

Toplak, M. E., West, R. F., and Stanovich, K. E. (2013). Practitioner review: do 
performance-based measures and ratings of executive function assess the same 
construct? J. Child Psychol. Psychiatry 54, 131–143. doi: 10.1111/jcpp.12001

Upshur, C. C., Heyman, M., and Wenz-Gross, M. (2017). Efficacy trial of the second 
step early learning (SSEL) curriculum: preliminary outcomes. J. Appl. Dev. Psychol. 50, 
15–25. doi: 10.1016/j.appdev.2017.03.004

van der Sluis, S., de Jong, P. F., and van der Leij, A. (2007). Executive functioning in 
children, and its relations with reasoning, reading and arithmetic. Intelligence 35, 
427–449. doi: 10.1016/j.intell.2006.09.001

Vandenbroucke, L., Spilt, J., Verschueren, K., Piccinin, C., and Baeyens, D. (2018). The 
classroom as a developmental context for cognitive development: a meta-analysis on the 
importance of teacher–student interactions for children’s executive functions. Rev. Educ. 
Res. 88, 125–164. doi: 10.3102/0034654317743200

Vandenbroucke, L., Verschueren, K., and Baeyens, D. (2017). The development of 
executive functioning across the transition to first grade and its predictive value for 
academic achievement. Learn. Instr. 49, 103–112. doi: 10.1016/j.learninstruc.2016.12.008

Verschueren, K., and Koomen, H. M. Y. (2012). Teacher–child relationships from an 
attachment perspective. Attach Hum. Dev. 14, 205–211. doi: 10.1080/14616734.2012.672260

Vygotsky, L. S. (1967). Play and its role in the mental development of the child. Sov. 
Psychol. 5, 6–18. doi: 10.2753/RPO1061-040505036

Waters, N. E., Ahmed, S. F., Tang, S., Morrison, F. J., and Davis-Kean, P. E. (2021). 
Pathways from socioeconomic status to early academic achievement: the role of 

https://doi.org/10.3389/feduc.2023.1149977
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.1037/h0084129
https://doi.org/10.3389/fpsyg.2021.640702
https://doi.org/10.1037/dev0000457
https://doi.org/10.1037/a0028228
https://doi.org/10.1177/1745691616635612
https://doi.org/10.1111/j.1467-8624.2004.00746.x
https://doi.org/10.3389/fpsyg.2015.00545
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1073/pnas.1010076108
https://doi.org/10.1007/s10648-023-09740-6
https://doi.org/10.1177/1094428114548590
https://doi.org/10.1111/sode.12447
https://doi.org/10.1111/j.1467-7687.2005.00394.x
https://doi.org/10.1007/s00787-020-01627-z
https://doi.org/10.1111/j.1469-7610.1996.tb01380.x
https://doi.org/10.1016/j.jsp.2009.09.002
https://doi.org/10.1111/j.1467-8624.2010.01561.x
https://doi.org/10.1177/2332858416657343
https://doi.org/10.1037/a0015861
https://doi.org/10.1080/17405629.2011.571841
https://doi.org/10.3102/0034654311421793
https://doi.org/10.1111/cdev.13315
https://doi.org/10.1016/j.neuroimage.2018.02.043
https://doi.org/10.1093/arclin/act031
https://doi.org/10.1111/cdev.12832
https://doi.org/10.1080/14616734.2012.672262
https://doi.org/10.1080/14616734.2012.672262
https://doi.org/10.3389/fpsyg.2021.718262
https://doi.org/10.1016/j.ecresq.2014.08.001
https://doi.org/10.3389/fpsyg.2019.02812
https://doi.org/10.3102/00346543075003417
https://doi.org/10.1037/a0028727
https://doi.org/10.3389/fpsyg.2015.00328
https://doi.org/10.1016/j.ecresq.2004.01.002
https://doi.org/10.1007/s10648-022-09680-7
https://doi.org/10.1037/bul0000195
https://doi.org/10.1111/j.1467-7687.2008.00745.x
https://doi.org/10.1080/10409289.2011.574258
https://doi.org/10.1111/jcpp.12001
https://doi.org/10.1016/j.appdev.2017.03.004
https://doi.org/10.1016/j.intell.2006.09.001
https://doi.org/10.3102/0034654317743200
https://doi.org/10.1016/j.learninstruc.2016.12.008
https://doi.org/10.1080/14616734.2012.672260
https://doi.org/10.2753/RPO1061-040505036


Kellens et al. 10.3389/feduc.2023.1149977

Frontiers in Education 15 frontiersin.org

specific executive functions. Early Child. Res. Q. 54, 321–331. doi: 10.1016/j.
ecresq.2020.09.008

Welsh, J. A., Nix, R. L., Blair, C., Bierman, K. L., and Nelson, K. E. (2010). The 
development of cognitive skills and gains in academic school readiness for children 
from low-income families. J. Educ. Psychol. 102, 43–53. doi: 10.1037/ 
a0016738

White, L. K., Moore, T. M., Calkins, M. E., Wolf, D. H., Satterthwaite, T. D., 
Leibenluft, E., et al. (2017). An evaluation of the specificity of executive function 

impairment in developmental psychopathology. J. Am. Acad. Child Adolesc. Psychiatry 
56, 975–982.e3. doi: 10.1016/j.jaac.2017.08.016

Zee, M., and Koomen, H. M. Y. (2016). Teacher self-efficacy and its effects on 
classroom processes, student academic adjustment, and teacher well-being. Rev. Educ. 
Res. 86, 981–1015. doi: 10.3102/0034654315626801

Zelazo, P. D., Forston, J. L., Masten, A. S., and Carlson, S. M. (2018). Mindfulness plus 
reflection training: effects on executive function in early childhood. Front. Psychol. 9:208. 
doi: 10.3389/fpsyg.2018.00208

https://doi.org/10.3389/feduc.2023.1149977
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.1016/j.ecresq.2020.09.008
https://doi.org/10.1016/j.ecresq.2020.09.008
https://doi.org/10.1037/a0016738
https://doi.org/10.1037/a0016738
https://doi.org/10.1016/j.jaac.2017.08.016
https://doi.org/10.3102/0034654315626801
https://doi.org/10.3389/fpsyg.2018.00208

	The impact of an interaction-based classroom program on executive function development in low-SES preschoolers: first support for effectiveness
	Introduction
	Current study
	Materials and methods
	Study design
	Participants
	Instrument
	Program
	Data analysis

	Results
	Descriptive statistics
	Pretest differences
	Program effects
	Global executive composite (GEC)
	Working memory (WM)
	Shifting (shift)
	Inhibition (inhibit)
	Planning and organizing (plan/org)
	Emotional control (emot. contr.)

	Discussion
	Effectiveness of the program
	Strengths, limitations, and implications
	Conclusion

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

