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Despite the growing body of research indicating that integrated physical activity with 
learning benefits children both physically and cognitively, preschool curricula with integrated 
physical activities are scarce. The “Move for Thought (M4T) preK-K” program provides 
activities on fundamental motor skills that are integrated with academic concepts, executive 
function, and social-emotional skills in the preschool environment. The aim of this study 
was to evaluate the feasibility, usability, and effectiveness of the M4T preK-K program 
over an eight-week period in 16 preschool centers (N = 273; Mage = 4.22 SD = 0.61) that 
were randomly assigned to the intervention (8 M4T; n = 138; Mage = 4.31 SD = 0.61) and 
the control (8 traditional; n = 135; Mage = 4.13 SD = 0.60) group. In both groups, teacher 
ratings of children’s attention, behavioral control, and social skills (i.e., cooperation, 
assertion, and self-control) in the classroom, as well as children’s perceived motor skill 
competence and executive functions, were collected before and after the intervention. A 
daily teacher log measured intervention fidelity and perceived experiences with the 
program. Results showed a significant improvement on attention scores for children in 
the M4T preK-K group, compared to the control group. No significant differences emerged 
for behavioral control, social skills, executive functions, and perceived motor competence 
among groups. A significant time effect was evident for executive functions, with both 
groups improving over time. Further, the program was well-received, easy to implement 
in the preschool classroom and with high rates of satisfaction for both children and 
teachers. The M4T preK-K program is promising in helping teachers prepare preschool 
children for future educational success.

Keywords: integrated learning, early education, attention, behavioral control, perceived competence, hot 
executive functions , cool executive functions
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INTRODUCTION

Pioneering research has placed training of goal-directed 
behaviors responsible for thinking, acting, and problem-
solving (i.e., executive function skills) as the main target 
areas for young children’s cognitive development (Diamond 
and Lee, 2011). Students who learn to acknowledge and 
regulate emotions, form positive relationships, work well 
with their peers, and deal effectively with conflict, exhibit 
stronger executive function skills and self-regulation, and 
thrive in the school environment (Denham and Brown, 2010; 
Eisenberg et  al., 2010; Nadeem et  al., 2010). A bidirectional 
developmental model argues that brain areas linked with 
executive functions reciprocally interact with those areas 
underlying attention control, stress physiology, and emotion 
(Blair and Ursache, 2011). Notably, executive functions and 
self-regulation are both influenced by experience and have 
been shown to predict academic performance in later school 
years (Bull and Scerif, 2001; Bull et  al., 2008; Blair and 
Ursache, 2011; Durlak et  al., 2011).

However, recent evidence distinguishes between cool (i.e., 
cognitive) and hot (i.e., affective) executive functions 
corresponding to different neural trajectories in the prefrontal 
cortex (Leshem et  al., 2020). Hot executive functions are 
associated with the orbitofrontal cortex, anatomically suited 
for the integration of affective and non-affective information, 
and regulation of motivated responses (Happaney et  al., 2004). 
Thus, they are addressing social and emotional skills, based 
on emotion regulation (Garon, 2016; Pesce et  al., 2020). Cool 
executive functions are linked to the lateral prefrontal cortex 
and can be  elicited by abstract, decontextualized problems, 
and affective neutral conditions (e.g., sorting by shape or size; 
Pesce et  al., 2020). The core executive function skills consist 
of inhibition (i.e., the ability to stay focused and resist 
temptations), working memory (i.e., the ability to information 
in mind while mentally working with it), and cognitive flexibility 
(i.e., the ability to easily and quickly switch focus of attention; 
Diamond, 2013).

A recent meta-analysis found that training executive 
function skills can be  more effective and enjoyable for 
children when is embedded in everyday activities, such as 
constantly challenging games (Takacs and Kassai, 2019). For 
example, the “Tools of Mind” program, initially, was based 
on Vygotski’s theory and in particular on the notion that 
learning promotes cognitive development when it occurs 
within a sociocultural context (Bodrova and Leong, 2006). 
This program has been expanded nowadays primarily in 
private education, known as Montessori pedagogy, offering 
activities for promoting both cool and hot executive functions, 
including self-regulatory private speech (e.g., telling yourself 
what to do), dramatic play and aids to facilitate memory 
and attention. It was found that preschool children in the 
intervention group that used the Tools of the Mind program 
had highest scores in executive function tasks, especially 
the most demanding ones, than children in the control 
group (Diamond et  al., 2007). Practices targeting social and 
emotional learning, such as children following directions, 

taking turns and sharing, persisting at challenging tasks, 
creating greater enjoyment for school, and paying attention, 
have been identified in the literature as vital for school 
programs to be  effective, especially if those qualities are 
also integrated with academic learning (Bierman et al., 2017).

Child development experts emphasized that to optimize 
academic outcomes, the environment needs to target both 
cool and hot executive functions by nurturing the social, 
emotional, physical, and cognitive abilities of children 
(Diamond and Ling, 2016; Bierman et  al., 2017). In 2010, 
Diamond argued toward a whole-child approach by addressing 
skills and attitudes instead of content. In particular, she 
stated that the most efficient and cost-effective ways to 
enhance children’s academic outcomes are to focus on 
academic, social, emotion, and physical development. To 
this vein, physical health can also be  enhanced by targeting 
emotional, social, and cognitive wellness (Diamond, 2010). 
Nearly a decade later, Tomporowski and Pesce (2019) advocated 
that skills acquisition is the common underlying mechanism 
during training of motor and cognitive tasks, evident in 
exercise, sports, and performance arts. When dual tasks 
(i.e., motor and cognitive) are performed simultaneously, 
mental processes activated may enhance declarative memory 
(Tomporowski and Qazi, 2020).

Physical activity participation and motor skill development 
offer substantial benefits for preschool children’s physical, motor, 
cognitive, and psychosocial development (Bart et  al., 2007; 
Piek et  al., 2008; Carson et  al., 2017). Benefits of physical 
activity in preschool children include improved motor 
development and fitness, as well as bone and skeletal health 
(Carson et al., 2017). Physical activity in children and adolescents 
has been shown to improve academic achievement, student 
engagement, executive function skills, and metacognition (Owen 
et  al., 2016; Álvarez-Bueno et  al., 2017a,b). Recent 
recommendations by the World Health Organization (2019) 
suggest that preschool children should spend at least 180 min 
in a variety of types of physical activity at any intensity, of 
which at least 60 min is moderate-to-vigorous intensity physical 
activity, spread throughout the day. Children with high levels 
of actual and perceived physical competence (i.e., ability or 
perceived ability to perform motor tasks) are more likely to 
engage in higher level of physical activity, with mutual benefits 
on both areas of physical competence and activity (Stodden 
et  al., 2008; Barnett et  al., 2015).

Early childhood centers are important settings because 
children spend a large amount of their waking hours there 
(OECD, 2017). However, physical activity is becoming 
compromised as children are mostly engaged in sedentary 
activities (O’Brien et  al., 2018). The integration of physical 
activity in the academic classroom has received increased interest 
by educators, researchers, and professional organizations (Institute 
of Medicine, 2013; ASCD, 2014; Webster et  al., 2015), and 
the number of intervention programs has rapidly increased 
during the last decade (Vazou et al., 2020). A body of research 
on movement integration (i.e., physically active lessons or active 
breaks and cognitively engaging physical activity) has shown 
physical and cognitive benefits in children and adolescents 
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(e.g., academic achievement and on-task behavior; Watson 
et al., 2017; Daly-Smith et al., 2018; Bedard et al., 2019; Norris 
et  al., 2020).

Research in the area of cognitively engaging physical activity 
is leaning toward the qualitative characteristics (e.g., task novelty, 
complexity, and selection of mental strategies for problem-
solving), rather than the quantitative aspects (i.e., dose, intensity, 
and duration) of physical activity (Pesce, 2012). Current empirical 
evidence is mainly targeting cool executive functions. For 
instance, in a six-week program, 14 kindergarten classes were 
randomly assigned to one of the three experimental conditions 
(Schmidt et  al., 2020): In the physical-cognitive condition, 
children were engaged with games combining physical and 
cognitive demands. These games were adapted from original 
common games (e.g., Simon says) but inherently included 
training of cool executive function skills (e.g., rule changes 
and response to target stimuli and inhibit from non-target 
stimuli). The cognitive condition included the same game with 
the physical-cognitive condition, but children were engaged 
with fine motor movements of light intensity. Finally, children 
in the control condition did not alter their usual daily practice. 
Results showed that the physical-cognitive and cognitive 
conditions elicited improvements on children’s updating 
performance, with children reporting equal levels of enjoyment, 
but no changes on inhibition and shifting. In the “Red Light, 
Purple Light” program, preschool children practiced inhibition 
with physically active games during circle time. Greater gains 
were found in self-regulation and academic achievement over 
the preschool year for the intervention group (Schmitt et  al., 
2015), as well as significant gains in letter-word identification 
after an 8-week implementation period (Tominey and 
McClelland, 2011).

Few physical activity programs have included hot executive 
functions: For instance, the “Animal Fun” program with duration 
of 6 months imitated animal movements to enhance preschool 
children’s social and behavioral outcomes (Piek et  al., 2015). 
Children’s prosocial behavior and inattention were improved 
after 6 months and maintained after 18 months of follow-up. 
Acute positive effects on verbal and social engagement in the 
classroom were evident after structured physical activity lessons 
that challenged executive functions and social-emotional skills, 
compared to the non-physically active days in preschoolers 
(Vazou et  al., 2017). Other programs, including sport games, 
found less peer-relationship and emotional problems as well 
as higher scores in prosocial behaviors of preschool children 
(Griffith et al., 2010). Physical play in the classroom was found 
to be  positively related to emotional competence (i.e., peer 
relationships) in boys (Linsey and Colwell, 2003).

Overall, despite the strong consensus among educators, 
researchers, and policy makers that education should have a 
more holistic approach with equal focus on cognitive, social-
emotional, and physical development (ASCD, 2014; Bierman 
et al., 2017), classroom-based physical activity programs targeting 
explicitly psychosocial, cognitive and physical development, are 
lacking. Physical activity programs, including both cool and 
hot executive functions in early education, are scarce (Diamond 
and Lee, 2011; Vazou et  al., 2019). This is one of the very 

few studies designed in the preschool classroom, combining 
a whole-child approach, integrating physical activity with 
academic content, executive functions, and social-emotional 
skills (self-regulation, self- and social awareness, and relationships 
skills). The program focused on providing enjoyable and 
cognitively engaging physical activities targeting motor skill 
development, as well as regulation of executive function and 
social–emotional skills. Concomitantly, social environment is 
fundamental in influencing feelings of competence and social 
acceptance, which is also, impacting motivation and behavior 
(Harter, 1978).

The present feasibility study was designed to help 
researchers and practitioners determine whether the “Move 
for Thought (M4T) preK-K” program should be recommended 
for a larger scale and potentially implemented as a physical 
activity program on preschool children’s motor, socio-
emotional, and cognitive skills. Our study goals were aligned 
with current literature emphasizing the importance of early 
examinations of the feasibility of interventions with a focus 
on acceptability, demand, implementation, practicality, and 
limited-efficacy testing (Bowen et  al., 2009). Specifically, 
the first purpose was to examine the feasibility and usability 
of the M4T preK-K program on children’s physical and 
cognitive engagement during the preschool day. The second 
purpose was to assess effectiveness of the program by 
examining changes in children’s attention and behavioral 
control, social skills, executive functions, and perceived motor 
skill competence, from the beginning to the end of the 
intervention period. It was expected that children would 
manifest improved social and cognitive skills as well as 
perceived motor skill competence and executive functions, 
at the end of the implementation of the M4T preK-K program, 
compared to the control group.

MATERIALS AND METHODS

Participants
Participants included 273 preschool children 3–5 years and 
their early childhood educators (n = 16) from 16 preschool 
classrooms across the State of Iowa. Preschool education 
is not mandatory in the United  States. Children were 
randomly assigned to the intervention (8 classrooms, 138 
children) or control conditions (8 classrooms, 135 children). 
Some outcomes (EF and perceived motor competence) were 
collected with a subsample from the existing sample, 
consisting of 141 children from 4 control (n = 73, Mage = 4.00 
SD = 0.61) and 4 intervention preschool classrooms (n = 70, 
Mage = 4.34 SD = 0.62). The study was exempt from the State 
University Institutional Review Board as the activities were 
offered as part of the regular instructional strategies by 
teachers and no children were identified in the data collection 
(student list was coded by the teachers). Teacher’s and 
school’s consent were obtained before the implementation 
of the program. Children’s assent was obtained before each 
testing. Parents were informed about the study and could 
have their child opt out from the data collection if desired. 
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Children’s and teachers’ demographic characteristics are 
presented in Table  1 whereas the flow of participants in 
portrayed in Figure  1.

Experimental Design
This study involved a randomized controlled trial at the school 
level. Randomization occurred after the pretest assessments 
using a computer-based algorithm by an independent researcher. 
Children were not aware of the purpose of the study or the 
experimental conditions. Implementation was done at the class 
level by the preschool teacher during regular classroom activities 
and school hours. All teachers were blind to the conditions 
and were informed that they would receive access to the M4T 
preK-K resources either immediately or at a later time due 
to limited research support (i.e., the control group received 
delayed implementation upon completion of the program for 
the intervention group).

Procedure
Outcome measures were assessed by early childhood educators 
at pretest and at the end of 8  weeks for both groups. The 
full sample was assessed by early childhood educators on 
attention, behavioral control, assertion, cooperation, and self-
control. Moreover, a subsample of children was assessed on 
inhibition and perceived motor skill competence at the preschool 
center individually by trained research assistants blinded to 
the experimental conditions.

Upon completion of the pretest measures, the intervention 
group received a printed copy of the M4T preK-K resources 
(book with the activities, CD with the M4T preK-K music, 
supporting academic materials, such as flashcards with pictures 
from the recommended literacy books) and a printed copy of 
the daily teacher log. An 1 h of training (webinar) was provided 
by the research team to the intervention group to become 
familiar with the program and the questionnaires. During the 
implementation period, early childhood educators in the 
intervention group completed the teacher log daily whenever 

they included a M4T preK-K activity during the preschool 
day. In the control group, teachers were instructed to continue 
with their usual practices without any changes in their regular 
instructional format.

Intervention
The teachers in the intervention group were instructed to 
use one cognitively engaging physical activity per day from 
the M4T preK-K program, for eight consecutive weeks during 
fall and before the holiday break. No further instructions 
were provided as the goal was for teachers to have the 
autonomy to select which, when, and how to integrate the 
physical activities during the school day, based on their 
students’ needs and their own level of comfort. This approach 
was followed to increase external and ecological validity by 
evaluating the real-world feasibility of the intervention. The 
M4T preK-K program was developed for children in the 
preschool and kindergarten environment and includes a total 
of 57 activities for large group, small group, and transitions 
in the classroom, as well as outdoor activities for large play 
areas, without the need of expensive equipment apart from 
the already existing ones in the preschool and kindergarten 
environment (e.g., popular age-appropriate children’s books, 
scarves, beanbags, small balls, tape, and hula hoops). The 
duration of the activities can vary based on the level of 
integration and the goals of the teacher, with some activities 
being very short (2–3 min; e.g., transitions), some lasting 
for 15–20 min (e.g., when explaining concepts like what 
comes first, next, and last in a story or a book), while the 
majority of the activities aimed to last about 10 min. All 
activities have recommendations for progression and for 
additional challenges. The M4T preK-K program is freely 
available on the website of Iowa State University.1

Each activity in the M4T preK-K program was designed 
to assist in meeting physical activity needs, improving physical 

1 www.moveforthought.org

TABLE 1 | Baseline characteristics of study sample.

Characteristics Intervention (n = 130) Control (n = 129) t-test p

Child age (in years), mean (SD) 4.31 (0.61) 4.13 (0.60)
Child female participants, n (%) 63 (48.5%) 61 (47.2%)
Preschools 4 6
Classrooms (No of teachers) 8 8
Female teachers 7 8
Age of teacher (years), mean (SD) 36.5 (7.67) 41 (15.07) 0.57 0.464
Race of teacher 100% White 100% White
Years teaching preschool, mean (SD) 10.25 (9.03) 9.94 (7.20) 0.006 0.940
Size of preschool 3 small schools (4–7 staff) 3 small schools (3 staff)
N children in classroom 16.50 17.75
N children per preschool, mean (SD) 84.12 (58.09) 85.37 (58.88) 0.002 0.967
Low parental income* 49% 75% 1.34 0.271
Full-day program 6 classes 7 classes
Headstart classes* 2 3
PA throughout preschool day 120.63 min (37.74) 131.25 min (73.77) 0.132 0.722

PA, physical activity *as an indicator of low socioeconomic status.
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literacy and fundamental gross motor skills (locomotor, 
non-locomotor, and manipulative skills) and adopt a “whole-
child” approach by practicing children’s physical, cognitive, 
social, and emotional skills. More specifically, in the M4T 
preK-K program, each activity aimed to help children: (1) 
achieve fundamental motor skill goals through modification 
and developmentally appropriate progression after practice and 
learning, (2) practice and be  assessed in physical, cognitive, 
socio-emotional and academic domain, (3) explore rhythmic 
and musical concepts through singing and dancing in original 
music, (4) explore age-appropriate popular books and develop 
positive experiences with math, literacy, and learning, (5) feel 
autonomous by encouraging them to have choices and 

self-exploration, (6) self-regulate by identifying emotions, 
practicing self-control, cognitive flexibility, and responsible 
decision making, and (7) develop social awareness and 
relationship skills by cooperating, sharing, and communicating 
with others through positive interactions with peers and their 
teachers. Figure  2 (panels A and B) provides an example of 
the structure and components of the M4T preK-K activities 
for each skill area. As shown in the figure, each activity includes 
the MOVE and CARE acronyms that refer to: MOVE-Mission 
(name of activity), Organization (instructions for activity; e.g., 
set up and equipment required), Variations (suggestions for 
progression in more complex motor tasks), Extra tips to keep 
children motivated. CARE stands for: Choose (different options 

FIGURE 1 | Flow Chart of Participants.
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to support autonomy), Assess (assessments based on preschool 
learning standards), Relate (recommendations for training peer 
social awareness and relationship skills among children), and 
Energize the brain (examples to train executive functions).

Measures
Demographic information was received via a questionnaire 
completed by teachers. The full sample of children was 
assessed on:

Attention and Behavioral Control in the 
Classroom
Attention (9 items) and Behavioral Control (i.e., 9 items) 
in the classroom was measured using the 18-item Strength 
and Weaknesses of ADHD symptoms and normal behavior 
(SWAN) questionnaire (Swanson et  al., 2012). Teachers 
responded on a 7-point Likert scale ranging from 1 “far 
below average” to 7 “far above average” for each student. 
Example questions include “settle down and rest (control 
constant activity)” for behavioral control and “Gives close 
attention to detail and avoids careless mistakes” for attention. 
The SWAN questionnaire has been distributed in a number 
of population-based studies with clinical and typical 
development groups, producing normal distributions in 
school-based studies, and having high internal consistency 
(α = 0.94–0.95; Swanson et al., 2012). It has also been shown 
to be appropriate from children as young as preschool (Lakes 
et al., 2012). Cronbach’s α coefficients of internal consistency 
were high (α = 0.94–0.95) for both factors.

Hot Executive Function Skills
Cooperation, Assertion, and Self-Control in the classroom was 
used using the 30-item Social Skills Rating Scale questionnaire 
(Gresham and Elliot, 1990). The Cooperation subscale includes 
behaviors such as helping others, sharing materials, and complying 
with rules. The Assertion subscale includes initiating behaviors, 
such as asking others for information, and responding to the 
actions of others. The Self-control subscale includes behaviors 
that emerge in conflict situations (e.g., responding to teasing) 
and in non-conflict situations (e.g., taking turns and 
compromising). Teachers responded on a 3-point Likert scale 
ranging from 1 “never” to 3 “very often.” Example questions 
include “participates in game” and “follows directions” (i.e., 
cooperation), “invites others” and “make friends” (i.e., assertion), 
and “waits turns” and “accepts peer ideas” (i.e., self-control). 
This questionnaire has been previously used in preschool 
children (Frey et  al., 2011). In the current study, the alpha 
coefficient of internal consistency was high for all factors 
(α = 0.87–0.94).

The subsample was also assessed on:

Cool Executive Function Skills
The computerized Stroop-like “DayNight” (Gerstadt et  al., 
1994) was used to measure inhibition and task switching. 
The test consisted of a set of pictures showing either a 
picture of the moon or the picture of the sun. Children 
were instructed to say “day” to a picture of moon and 
“night” to a picture of sun (e.g., “When you  see the picture 
of a sun, I  want you  to say “night”). During this task, the 
child must inhibit and switch simultaneously to provide the 

FIGURE 2 | Example of “Move for Thought” preK-K Activities.
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correct answer without receiving any feedback. The task 
included 2 practice trials (up to 3 practice sessions if the 
child misses either trial in practice) and 16 testing trials 
(half are sun pictures and half are moon pictures). The 
stimulus presentation time was 1500 ms. Children’s answers 
were recorded with a microphone and were processed using 
the Audacity software. Children received 1 point for correct 
responses, with an aggregated score for accuracy.

Perceived Movement Skill Competence
The “Pictorial scale for Perceived Movement Skill Competence 
(PMSC) for young children” (Barnett et  al., 2016) tool was 
used. The 12-item questionnaire assesses six locomotor (run, 
gallop, hop, leap, horizontal jump, and slide) and six object 
control skills (striking a stationary ball, stationary dribble, 
catch, overhand throw, and underhand roll). A pictorial plate 
presentation format is used, comprising of two gender-specific 
pictures displayed side by side. The pictures depict one child 
competent in a particular task and a child who is not. Children 
are asked to choose the picture that represents them the most 
(e.g., picture that looks more like him/her). If children choose 
the competent picture, they are asked “are you  really good at 
….?.” Children’s responses score in a 4-point Likert scale between 
1, “poorly skilled child” to 4, “highly skilled child.” Cronbach’s 
alpha coefficient of internal consistency was acceptable (α = 0.81, 
0.77, for pre and post-test, respectively).

Process Evaluation
Daily Teacher Log
Session fidelity in the intervention group was recorded by 
early childhood educators on a daily basis. If there were no 
M4T preK-K activities on a particular day, the daily log was 
not completed. The daily long included questions regarding: 
(1) name, frequency, and duration of M4T preK-K activities, 
(2) area the activity was conducted, and (3) teacher overall 
experience from the M4T preK-K program, which was broken 
down into:

 1. Teacher and child satisfaction on the M4T preK-K activities, 
on 5-point scale (1, “very unsatisfied” to 5, “very satisfied”).

 2. Children’s physical and cognitive engagement during M4T 
preK-K activities, on a 3-point scale (1, “not at all” to 3, 
“very”).

 3. Evidence of children’s engagement regarding working with 
others, regulating emotions, and exhibiting self-control (“yes” 
or “no” checklist).

Upon completion of the implementation period, teacher 
overall reflection in implementing the M4T program was 
measured. Using a 5-point scale (1 = not at all to 5 = very much), 
teacher’s ability to: (1) lead physical activities in the classroom, 
(2) teach motor skills, (3) implement the M4T preK-K program, 
and (4) implement variations of the activities (progression) 
were reported by teachers. Further, teachers were asked whether 
they believed they needed additional training on how to use 
the M4T preK-K activities during the implementation period, 
using the same response scale.

Statistical Analyses
Data derived from the teacher logs were analyzed with Excel 
and are presented descriptively. Statistical analyses were 
conducted using IBM SPSS (version 26), and alpha level 
was set at p < 0.05 for the quantitative data. Mixed ANOVAs 
were conducted with two groups (intervention vs. control) 
for the between-subject factor and two time points (pre vs. 
post) for the within-subject factor, separately for each outcome. 
To account for the nesting nature of the data, follow-up 
analyses of the significant outcomes were conducted using 
linear mixed models in IBM SPSS Statistics, version 26.0 
(2010 SPSS Inc., IBM Company). Linear mixed models 
adjusted for clustering at the class level were used to assess 
the impact of the group (M4T, AB or control), time (treated 
as categorical with levels baseline and 8 weeks), and the 
group-by-time interaction. A random intercept was used to 
account for the repeated measures of each participant. Cohen’s 
d provided a measure of effect size (adjusted difference 
between intervention and control group over time divided 
by the pooled standard deviation of change; Vacha-Haase 
and Thompson, 2004). Cohen’s d = 0.2 were considered small, 
d = 0.5 medium, d = 0.8 as large effect sizes (Cohen, 1988; 
Vacha-Haase and Thompson, 2004).

RESULTS

A summary of the detailed descriptive statistics of the outcomes 
is presented on Table  2.

Mixed Analyses of Variance
Attention
Both the main effect of time [F(1, 255) = 13.00, p < 0.001, 
η2 = 0.048] and interaction between time and condition [F(1, 
255) = 11.18, p < 0.001, η2 = 0.028] on children’s attention scores 
were found significant. The main effect of condition [F(1, 
255) < 1, p = 0.734] was not significant. At post-test, both groups 
improved their scores; however, the intervention group 
outperformed the control group. After accounting for the nesting 
nature of the data, the interaction between time and condition 
on children’s attention was significant for the intervention group 
(Adjusted mean difference = 0.26, 95% CI 0.06 to 0.45, p = 0.013) 
but not for the control group (Adjusted mean difference = 0.03 
CI −0.17 to 0.23, p = 0.757).

Behavioral Control
The main effects of time [F(1, 255) = 1.36, p = 0.245] and 
condition [F(1, 255) < 1, p = 0.496] on children’s behavioral 
control scores were not significant. However, the interaction 
between time and condition [F(1, 255) = 11.71, p < 0.001, 
η2 = 0.044] was significant. At post-test, the intervention group 
performed better than the control. After accounting for the 
nesting nature of the data, the interaction between time and 
condition on children’s behavioral control was not significant 
(Adjusted mean difference = 0.24, 95% CI −0.04 to 0.52, 
p = 0.094).
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Hot Executive Function Skills
There were no main effects of time [F(1, 257) < 1, p = 0.439] 
and condition [F(1, 257) <1, p = 0.743] on children’s cooperation 
skills. In addition, the interaction between and time and 
condition was not significant [F(1, 257) = 1.04, p = 0.310].

There were no main effects of time [F(1, 257) = 2.4, p = 0.122] 
and condition [F(1, 257) <1, p = 0.778] on children’s assertion 
skills. Also, the interaction between time and condition was 
not significant [F(1, 257) < 1, p = 0.364].

The main effects of time [F(1, 257) < 1, p = 0.859] and 
interaction between time and condition [F(1, 257) < 1, 
p = 0.447] were not significant on self-control skills. However, 
the main effect of condition [F(1, 257) = 6.48, p = 0.012] was 
statistically significant. Regardless of time, the intervention 
group had lower scores on self-control, compared to the 
control group.

Cool Executive Function Skills
The main effect of time was found to be  significant [F(1, 
103) = 8.78, p = 0.004]. However, the main effect of condition 
[F(1, 103) < 1, p = 0.744] and the interaction between time and 
condition were not significant [F(1, 103) < 1, p = 0.471].

Perceived Fundamental Movement Skills
The main effects of time [F(1, 100) = 1.44, p = 0.233], condition 
[F(1, 100) = 1.80, p = 0.182], and interaction between time and 
condition [F(1, 100) = 1.25, p = 0.267] were not significant.

Process Evaluation
Teacher Log Data
All early childhood educators (8/8) returned the daily teacher 
log. They reported that the dose of the intervention was implemented 
as intended on average 98% (SD = 0.10), meaning once per day. 
The average duration of each session was 10.65 min (SD = 3.17). 
Early childhood educators reported high satisfaction with the 
program and activities (M = 4.23/5, SD = 0.45), as well as high 
satisfaction from the children (M = 4.12/5, SD = 0.69). Early childhood 
educators reported that children were both physically (M = 2.81/3, 

SD = 0.12) and cognitively engaged (M = 2.59/3, SD = 0.35) during 
the M4T preK-K activities. Finally, teachers reported that children 
during the M4T sessions were given several opportunities to 
exhibiting self-control (M = 85%, SD = 0.14), whereas the focus on 
regulating emotions (M = 35%, SD = 0.67) and working with others 
(M = 42%, SD = 0.29) was less evident.

The majority of the activities were conducted inside the 
classroom (M = 65%, SD = 0.14). Alternatively, activities were 
conducted in the common area (M = 23%, SD = 0.13), while 
only few occurred outside (M = 7%, SD = 0.05). One-fourth of 
the times the early childhood educators used the supporting 
files (M = 22%, SD = 0.17), and about one-third of the lessons 
incorporated the M4T preK-K music (M = 31%, SD = 0.15). 
Detailed responses per class are portrayed in Figure 3. Further, 
teachers’ confidence in their ability to teach motor skills and 
PA in the classroom, in general, was 4.5/5 (SD = 0.53), to 
implement the M4T preK-K program was 4.43 (SD = 0.53), 
and to implement variation of the M4T preK-K (as a progression) 
was 4.37 (SD = 0.52). Lastly, the teachers reported low to 
somewhat need for additional training on the M4T preK-K 
program (M = 2.12, SD = 0.64).

DISCUSSION

This study examined the feasibility, usability, and effectiveness 
of an 8-week intervention study in preschool children with 
the M4T preK-K program that integrated physical activity with 
academic content, executive function, social, and emotional 
skills. The study targeted improving children’s attention and 
behavioral control, social skills, executive functions, and perceived 
motor skill competence, which are acknowledged as crucial 
for school readiness and academic success. Results showed 
that children’s attention was significantly improved after the 
intervention, compared to the control group. However, behavioral 
control, social skills, inhibition on a computerized task, and 
perceived motor competence were not improved for both groups. 
In addition, intervention fidelity results showed that the 
implementation of short (i.e., around 10 min) M4T preK-K 

TABLE 2 | Means (and standard deviations) per outcome as a function of condition.

Variables

Move for Thought Control

N
Pre Post

Post-pre ES N
Pre Post

Post-pre ES

M (SD) M (SD) M (SD) M (SD)

Attentiona (SWAN) 129 4.12 (0.74) 4.36 (0.76) 0.32 128 4.21 (0.81) 4.21 (0.76) 0.00
Behavioral Controla (SWAN) 129 4.07 (0.75) 4.24 (0.81) 0.22 128 4.26 (0.90) 4.18 (0.75) −0.10
Hot Executive Functions Assertionb (SSRS) 130 2.35 (0.68) 2.43 (0.62) 0.12 129 2.40 (0.66) 2.42 (0.76) 0.03
Cooperationb (SSRS) 130 2.69 (0.56) 2.70 (0.53) 0.02 129 2.73 (0.47) 2.70 (0.47) −0.06
Self-Controlb (SSRS) 130 2.49 (0.61) 2.51 (0.63) 0.03 129 2.67 (0.49) 2.66 (0.49) −0.02
Cool Executive Functionc (DayNight) 53 10.94 (4.59) 11.93 (4.16) 0.23 52 10.39 (4.77) 12.00 (4.00) 0.37
Perceived FMSd (PMSC) 55 3.35 (0.56) 3.36 (0.50) 0.02 47 3.40 (0.47) 3.53 (0.50) 0.27

M, mean; SD, Standard deviation; Post-pre Effect Size (ES), Cohen’s d; FMS, Fundamental movement skills. 
a5-point Likert scale.
b3-point Likert scale.
caccuracy scores.
d4-point Likert scale.
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sessions daily was a feasible and realistic goal for preschool 
children, who were both physically and cognitively engaged.

Confirming our hypotheses, children’s attention performance 
improved significantly after participating in cognitively engaging 
physical activities, compared to the control group. However, 
children’s behavioral control scores remained unaffected. The 
high levels of cognitive engagement were also evident in the 
teachers’ daily log, reporting that during the M4T preK-K 
sessions, children were both physically and cognitively engaged. 
These results are in line with previous literature, supporting 
that integrating physical activity during learning process can 
contribute to cognitive benefits in children without compromising 
academic time (Mavilidi et  al., 2018, 2019). For example, a 
series of studies found improved learning outcomes in preschool 
children when integrating physical activity during several 
academic domains, such as language, geography, math, and 
science (Mavilidi et  al., 2015, 2016, 2017, 2018; Toumpaniari 
et  al., 2015). Notably, the preschool environment is typically 
the first structured environment for young children, so training 
programs that help children exhibit higher levels of self-regulation 
in the classroom are beneficial for school readiness and constitute 
an aspirational goal in the educational system (Greenberg and 
Weissberg, 2018).

The M4T preK-K program was predicated on the idea that 
providing physical activities in the classroom in integration 
with cognitive (literacy books and academic content) and motor 
skills is both appropriate and beneficial for the children’s 
development. Emerging evidence suggests that we  should shift 
the focus of quantitative characteristics (e.g., dose, intensity, 
and frequency) toward qualitative characteristics of physical 
activity (e.g., movement coordination, type, novelty, and 
complexity of movement, activation of mental strategies; Pesce, 
2012; Vazou et  al., 2019). In particular, the role of motor 
competence in the exercise-cognition interplay is essential (van 
der Fels et  al., 2015; Tomporowski and Pesce, 2019).

In this study, children’s perceptions of motor skill competence 
were measured for object control and locomotor skills, as 
practiced in the M4T preK-K program, with no significant 
changes for both groups. The absence of a significant change 
in perhaps unsurprising considering the self-reported nature 
of the scale and that the sample was a little younger than the 
typical age the scale has been used before (Mage = 4.2, SD = 0.60, 
in this study, whereas Mage = 4.7, SD = 0.46 and Mage = 6.5, SD = 0.8, 
in the Barnett et  al., 2015, 2016, respectively). Children that 
young tend to have relatively undifferentiated and exaggerated 
perceptions of competence as they lack extensive experience 
in applying those skills in games, which might result in low 
validity of the scale. The lack of a clear perception on motor 
skill competence may have led to a ceiling effect, as evidenced 
by the very high scores of 3.35–3.55 on a 4-point scale (with 
SD = 0.50). Overcoming this limitation of the study, future 
research can consider (1) the use of objectively measures of 
motor skill competence and (2) the use of accelerometers to 
account for the intensity of physical activities (Cliff et al., 2009).

Importantly, the current study was consisted of cognitively 
engaging physical activity in the form of challenging games 
with continuous change of rules and instructions with 

simultaneous focus on preacademic concepts. Research shows 
that these qualitative characteristics may transform physical 
activity into meaningful learning experiences for cognitive 
development (Pesce et al., 2019). Cognitively engaging physical 
activity which combines motor and cognitive tasks may act 
as brain stimulators, explicitly training skills, such as executive 
functions (Diamond and Ling, 2016; Pesce and Ben-Soussan, 
2016). For example, a recent study in preschool children found 
improvements in updating performance after participating in 
games consisting cognitively engaging physical activity (Schmidt 
et  al., 2020). However, even though there were significant 
changes on attention, contrary to our hypothesis, there were 
no significant differences between groups on inhibitory control, 
as measured with the subsample. All children regardless of 
their group improved on the sun/moon task from the beginning 
to the end of the 8-week period, which likely reflects a learning 
effect, possibly modulated by the environment and experience. 
The non-significant differences among groups could be attributed 
to the small subsample size, which is a limitation of this study, 
possible methodological challenges with the task due to the 
young age of the sample (e.g., accurate measure of perceived 
competence in young children), and/or insufficient dose of 
implementation. A replication of this finding with a large 
sample and with a longer intervention (more weeks) is warranted.

Of note, the vast body of current research focuses mostly on 
executive functions, with rare examples existing targeting hot 
executive functions (Diamond and Lee, 2011; Vazou et  al., 2017; 
Pesce et  al., 2020). For example, a mindful martial arts training 
program occurring two-three 45-min sessions/week for 3 months 
in children from kindergarten through Grade 5 found improvements 
on their cognitive, affective, and physical self-regulation, as well 
as classroom conduct and prosocial behavior (Lakes and Hoyt, 
2004). The present study included training of children’s social 
and emotional self-regulation skills. However, contrary to previous 
literature, we  did not find any changes between the control and 
intervention group at end of the program (Lakes and Hoyt, 
2004; Diamond et al., 2007; Piek et al., 2015; Vazou et al., 2017). 
Assertion and cooperation skills remained stable for both groups 
whereas self-control skills, as well as inhibitory control skills, 
improved for both groups.

As reported by early childhood educators, fidelity check 
evaluations confirmed that teachers targeted more on children’s 
physical and cognitive engagement and less on practicing their 
social and emotional skills (see Figure  3, panel F). In fact, in 
some classes, activities engaging children with “regulating emotions” 
and “working with others” were absent. “Exhibiting self-control” 
was practiced more often. If early childhood educators did not 
engage children’s social and emotional skills as intended per 
protocol, it is logical to assume that there could not be improvements 
after the end of the program on such skills. Interestingly, this 
program provided with instructions and variations to task complexity 
based on children’s responses and progress level as increased 
scaffold. However, early childhood educators chose to implement 
the easiest options of the activities. Possibly, early childhood 
educators lack deeper understanding on improving social and 
emotional skills in integration with physical activity in preschool 
children or lack time to explore and progress on the more advanced 
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versions of the activities without any guidance or support. The 
training included in this study was very limited as we  wanted 
to explore the level of feasibility of the program based on teachers’ 
existing experience and knowledge. Hence, it is evident that future 
research should incorporate more explicit guidance through concrete 
examples (e.g., video-based resources) to support teachers on 
progression and implementation of these components.

Another possible explanation for the null findings of this 
study on hot and cool executive function skills could be attributed 
to the short duration of the program. Previous studies had 
substantially longer durations (e.g., 3 months, Lakes and Hoyt, 
2004; 6 months with sustained effects at 18-month follow-up, 
Piek et  al., 2015; 1–2 years; Diamond et  al., 2007). Of note, 
the post-intervention effect sizes of the intervention group are 
small but positive compared to the pre-intervention values, 
whereas in the control group are smaller for assertion (M4T 
preK-K ES = 0.12 vs. control ES = 0.02), and negative for 
cooperation and self-control. Longer duration of the program 
may have been able to provoke larger effects.

Finally, another purpose of the study was to examine 
the feasibility and usability of the M4T preK-K program. 
The results based on the daily teacher logs were positive. 
The duration of M4T preK-K program was well-received 

by early childhood educators with the dose of the physical 
activity sessions delivered as intended (98% and an average 
duration of approximately 10 min daily). Both early childhood 
educators and children reported high levels of satisfaction 
with the program (Figure  3). These findings are very 
encouraging rendering this approach as an effective solution 
for overcoming teacher barriers related to lack of time 
(Naylor et  al., 2015). Furthermore, this program was found 
to be feasible, with potential for future acceptability, adaptation, 
and implementation by early childhood educators.

Despite the fact that this study focused on the feasibility 
and effectiveness of the M4T preK-K program on preschoolers, 
the activities expand to the Kindergarten years. Programs with 
cognitively engaging physical activity aiming at kindergarten 
children may offer a smoother transition to the school 
environment. Previous research found kindergarten to be more 
responsive to improvements on attention and behavioral control 
compared to preschool and 2nd grade children (Vazou et  al., 
2021). Further examination of the feasibility and effectiveness 
of the program with kindergarteners is warranted. Additionally, 
a replication of the study with a larger sample in a cluster 
randomized controlled trial of longer duration should 
be  considered in the future. It is important to note that the 

A B

C D

E F

FIGURE 3 | Process Evaluation Results for Intervention Class. Panel A: Days of Implementation, Panel B: Average Duration of a M4T preK-K Activity, Panel C: 
Teacher and Student Satisfaction from Implementation, Panel D: Level of Physical and Cognitive Engagement during Implementation, Panel E: Area of 
Implementation, and Panel F: Social-Emotional Skills (Working with Others, Regulating Emotions, Exhibiting Self-Control) Practiced During Implementation.
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small sample size of this study (especially for the subsample) 
limits statistical power and restricts generalizability to the 
broader population of preschoolers. Notably, the significant 
results on children’s attention scores were completed by the 
not-blinded teachers, while measures which were executed by 
blinded research assistants were not significant. Another limitation 
of the study was the measurement of the outcome variables 
with the teacher reported scales, presenting challenges for 
possible biases in providing desirable responses, even though 
such scales are acceptable in research involving preschool 
children. Overall, intervention programs in children need to 
be  tailored based on children’s age, skill levels, and cognitive  
development.

Nevertheless, an undisputable strength of the present study 
is its inclusion of both cool and hot executive function skills. 
To the best of our knowledge, there is no other such physical 
program existing for preschool children in the academic 
classroom. In particular, the emphasis of the present study on 
enhancing preschool children’s cognitive, motor, social, and 
emotional skills through integrating physical activity during 
the classroom instruction provides a unique contribution to 
the field. Programs usually include only one element, most 
commonly cool executive functions, whereas programs on hot 
executive functions are scarce.

Diamond (2015, p.963) proposed that interventions that 
improve executive functions: (1) train and challenge diverse 
motor and executive function skills, (2) bring joy, pride, and 
self-confidence, and (3) provide a sense of belonging. 
Concomitantly, training of executive function skills has been 
shown to be more enjoyable and effective when is incorporated 
in everyday activities and games (Takacs and Kassai, 2019). 
The current program included all these components and is 
aligned with self-determination theory, advocating that 
relatedness, competence, and autonomy are comprising the 
basic psychological needs, contributing to intrinsic motivation 
and positive motivational outcomes (e.g., commitment, effort; 
Ryan and Deci, 2000). Indeed, there was a clear focus of the 
program on team work and collaboration.

Lastly, the inclusion of evaluation of the implementation 
and delivery of the program constitute another strength of 
the present study. The findings from fidelity checklists showed 
that pragmatic implementation of the program was successful, 
permitting for greater confidence in generalizing the findings 
to real-world school settings. A recent systematic review 
showed that around half of the interventions with movement 
integration were researcher-led, undermining their possibilities 
for sustainability, dissemination, and scalability (Vazou et al., 
2020). It was concluded that regarding delivery of 

interventions, researchers should be  more consistent on 
reporting fidelity.

CONCLUSION

Physical activity programs could serve as the basis of a holistic 
approach to child development, supporting not only physical 
health but also cognitive, motor, social, and emotional benefits 
in children (Diamond and Ling, 2016; Carson et  al., 2017). 
The present study was well-received by early childhood educators 
and children, providing evidence of the feasibility and usability 
of a physical activity program integrating with academic 
instruction, with potential benefits on children’s cognitive, social, 
and emotional skills. Promoting interventions in early childhood 
is fundamental for school readiness, academic performance, 
and success in career and life in the long-term (Moffitt 
et  al., 2011).
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