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1  |  INTRODUCTION

Self- regulation (SR) is a multifaceted construct that can be 
defined as the ability to control cognition and behavior in 
service of an identified goal.2,3 SR emerges rapidly across 
the early childhood period (3– 5 years of age) and includes 

distinct, yet interrelated cognitive and behavioral fea-
tures.2 Cognitive SR reflects a child's internal processing 
capacity and executive functioning skills such as working 
memory, whereas behavioral SR reflects a child's capacity 
to harness such skills to intentionally control behavior and 
refrain from impulsive actions in the moment.2,3 Cognitive 
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and behavioral SR skills often work together, and each has 
been associated with a range of early childhood outcomes, 
including academic achievement,4 visuomotor skills,5 and 
prosocial behavior.6

Early childhood is also a period of rapid development 
of motor competence, particularly motor skills such as 
running, jumping, and throwing.7 Motor competence in 
young children is often operationalized as motor skills or 
goal- directed movements that can be improved through 
practice and instruction. Although motor competence and 
SR share common fundamental processes such as the abil-
ity to plan sequenced actions, control body movements, 
and engage in goal- directed activity,8 motor competence is 
not considered central to most conceptualizations of early 
SR. Yet, motor competence and SR are each needed to suc-
cessfully navigate early classroom settings,9 and emerging 
work suggests motor competence interventions may be a 
novel and developmentally appropriate method to promote 
both behavioral and cognitive SR in preschool- aged chil-
dren.10,11 Indeed, exercise- based interventions in pediatric 
populations may improve a range of cognitive and psycho-
social outcomes, including physical self- perceptions, but 
that the mechanisms remain unclear.12 Other evidence 
supports that exercise conditions that include a motor 
skill or motor competence element yield larger cognitive 
benefits than exercise conditions without skill learning.13 
These cognitive benefits mirror the underlying facets of 
SR (e.g., working memory, cognitive flexibility, and inhibi-
tion;3) supporting use of such interventions as potentially 
mechanisms to improve SR outcomes. Unfortunately, 
motor competence interventions have not typically eval-
uated both behavioral and cognitive aspects of SR, which 
would increase understanding of whether and how such 
interventions may support specific aspects of SR.

Motor competence interventions in a mastery climate, 
a child- centered environment that encourages indepen-
dent navigation and choice in task, duration, and diffi-
culty, are effective in improving motor outcomes14 and 
may be particularly important for SR. Mastery- oriented 
learners perceive success based on their individual effort 
and performance relative to their previous performance, 
compared to valuing external rewards; thus, a mastery- 
oriented learning climate increases children's actual com-
petence1,15 and self- perceptions of skill competence12,15 
which should lead to greater engagement in skills and 
physical activity.15,16 The mastery- oriented learning cli-
mate is unique in that children gain and maintain skills 
across these interventions14,17 even with the independent 
navigation of the intervention session. Child behaviors 
during mastery- oriented learning environments remain 
relatively unexplored, but recent evidence supports that 
children only engage in appropriate motor behaviors 
for 36% of time during the motor skill practice portion 

of the intervention.17 Hence, there is unaccounted time 
during the intervention whereby children are not practic-
ing motor tasks and are self- navigating interactions with 
peers, instructors, or managing their own emotions in 
an environment that is active and constantly changing. 
Therefore, motor interventions that use mastery- oriented 
learning climates may enhance SR not only through over-
lap of fundamental processes and neurological processing 
but also through the enactment of SR children must per-
form to successfully navigate these settings. Preliminary 
evidence suggests that children who engaged in mastery 
climate motor competence interventions maintained their 
SR skills assessed using a snack delay task, compared to 
children in control conditions who decreased in their 
skills, but this study did not examine impacts on cogni-
tive aspects of SR.1 Mastery- oriented motor competence 
interventions may be an effective, yet overlooked ap-
proach for engaging and motivating children in activities 
that can improve SR. Mastery- oriented motor competence 
interventions may be a particularly important approach 
to enhance both motor competence and SR skills among 
children from low- income families, who often experience 
greater SR difficulties18 and motor delays19 compared to 
their middle- income peers.

1.1 | Goal of current study

The goal of this study was to test the impact of a mas-
tery climate motor competence intervention (Children's 
Health Activity Motor Program [CHAMP])1 on aspects 
of behavioral and cognitive SR among preschool- aged 
children growing up in low- income families. We hypoth-
esized that children who participated in CHAMP would 
show improved cognitive and behavioral SR. We also ex-
amined associations among indicators of cognitive and 
behavioral SR. Given identified maturational factors20 and 
sex differences21 related to SR during this developmental 
period, we also considered child age, child sex, and time-
point of assessment (Fall/pre- test vs. Spring/post- test) as 
covariates.

2  |  METHOD

2.1 | Study design, eligibility, and 
recruitment

The Promoting Activity and Trajectory of Health (PATH) 
Study is a two- cohort, 16- week school- based, cluster- 
randomized controlled trial (RCT) that was completed 
prior to the COVID- 19 pandemic.22 PATH was conducted 
in two Head Start centers in the Midwestern United 
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States. Head Start is a federally funded preschool program 
serving children from families living in poverty. The first 
cohort of children aged 3.5 years or older participating in 
PATH were eligible to participate in the current study, en-
titled PATH- Science of Behavior Change (PATH- SOBC).23 
The purpose of PATH- SOBC was a supplemental study to 
assess the impact of the CHAMP intervention on behavio-
ral and cognitive SR in young children. Exclusion criteria 
included medical and/or developmental conditions that 
would affect participation in CHAMP (information was 
obtained through school records).

Parents/guardians received a letter introducing the 
study in preschool welcome packets and were compen-
sated $5 for returning a consent form. Given the cluster 
randomization by classroom, children whose parents did 
not consent could be in CHAMP classrooms, but these 
children were not assessed or included as study partici-
pants. Classrooms were randomly assigned to receive ei-
ther CHAMP or the control condition (outdoor recess). 
CHAMP was implemented during the preschool year; 
evaluation assessments were conducted prior to CHAMP 
start (pre- test; September/October) and within 2 weeks 
after CHAMP had concluded (post- test; April/May). See 
the CONSORT diagram (Figure 1) for sample and recruit-
ment details; sample size calculations were that with 70 
children in the intervention and 50 children in the control 
group, we would have 80% power to detect an effect size of 
0.52 with a Type 1 error level of 0.05.23 The study was ap-
proved by the Institutional Review Board at the University 
of Michigan (HUM00133319) and registered on Clini calTr 
ials.gov (NCT03189862). Informed consent was obtained 
from parents and child verbal assent was obtained during 
assessments.

2.2 | Participants

We enrolled 116 preschoolers (mean age = 53.4 months 
at enrollment; range: 45– 60 months; 68 girls). Sample 
race/ethnicity was 68% African- American; 13% White, 5% 
Hispanic, 14% Bi- racial/Other.

2.3 | Intervention

CHAMP has been shown to improve child motor skills, 
physical activity, and perceived motor competence.1,15 
Grounded in Achievement Goal Theory, CHAMP cre-
ates a mastery climate for learning and practicing 
motor skills. The mastery climate encourages chil-
dren to learn and develop new motor skills, increase 
their level of motor competence, and achieve a sense 
of motor skill mastery based on their perceptions. 

CHAMP uses specific learning environment structures 
that have been identified as critical for creating mastery 
climates. These TARGET structures (Task, Authority, 
Recognition, Grouping, Evaluation, and Time) encour-
age children to select their own activities that range 
in difficulty (Task), choose their own goals/activities 
to work on (Authority), review their own performance 
(Recognition), choose with whom and how they engage 
in the activities (Grouping), self- monitor their progress 
regarding their own performance and not the perfor-
mance of others (Evaluation), and participate in activi-
ties as long as desired (Time).24,25 CHAMP's application 
of TARGET structures may support cognitive and be-
havioral SR development by encouraging self- navigated 
engagement, planning and self- selected goal- setting, 
and self- paced learning (see Table 1).23

Due to logistical considerations at the schools, we were 
unable to complete the intervention dose proposed in trial 
registration. Instead, CHAMP was implemented 3 days 
a week for 16 weeks from November– April (48 sessions, 
45- minute/session, total dose  =  2160 min). Each session 
consisted of the following: (1) 2  min warm- up activity, 
(2) 3– 4  min of motor skill instruction, (3) 32– 35 min of 
autonomy- based motor skill engagement, in which chil-
dren were free to choose which activity to practice and 
attempt, and (4) a 2– 3 min closure activity. Two graduate 
student instructors led each session. One had 6 years of 
previous experience with CHAMP and the other had a 
background in physical education.

2.3.1 | CHAMP fidelity checks

Fidelity checks were completed daily. The fidelity checklist 
was specifically developed for the CHAMP intervention (see 
supplemental material). This checklist included 10 of the 12 
items from the Template for Intervention Description and 
Replication (TIDieR).26,27 Specifically, the checklist included 
information on name [TIDieR #1], why/rationale/goal ele-
ments [TIDieR #2], procedures/activities/process [TIDieR 
#4], who provided [TIDieR #5], where [TIDieR #7], when 
and how much [TIDieR #8], tailoring [TIDieR #9], modifi-
cation [TIDieR #10], how well/planned [TIDieR #11], and 
how well/actual [TIDieR #12]. TIDier #3, what/materials, 
was not included on the checklist, but daily photographs 
were recorded of the intervention setup to ensure docu-
mentation of all materials used. TIDier #6, how, was not 
considered needed as the mode of delivery was always in 
person by a trained member of the research team. To miti-
gate potential bias in reporting, fidelity checks were com-
pleted by two research team members who were not the 
primary CHAMP instructors. CHAMP was implemented 
with high fidelity; 100% of intervention sessions included 

http://clinicaltrials.gov
http://clinicaltrials.gov
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all instructional elements and incorporated all TARGET 
structures properly.

2.4 | Control condition

Children in the control group participated in the standard of 
care which was a daily free play session (i.e., recess). These 

sessions took place on either the outdoor school playground 
or inside a large, ample indoor open space. The playground 
included an open grassy area, fixed playground equipment, 
swings, basketball hoops, etc., while the indoor play areas 
included balls, hoppy balls, scooters, etc. The outdoor and 
indoor play areas and equipment were designed for gross 
motor play and appropriate physical activity engagement 
but no formalized motor skills instruction was provided.

F I G U R E  1  CONSORT Diagram

Assessed for eligibility (n=216) 

Excluded (n=100) 
♦ Not meeting inclusion criteria (n=36) 
♦ Declined to participate or 

unresponsive (n= 59) 
♦ Other reasons (n= 5)

Analysed   

HTKS (n= 68) 
♦ Excluded from analysis (lost to follow up) (n=  
2)

Mr. Ant (n= 69) 
♦ Excluded from analysis (lost to follow up) (n=  
1)

Boats/Rabbits (n= 68) 
♦ Excluded from analysis (lost to follow up) (n=  
2)

Lost to follow-up (unknown) (n=1) 

Discontinued intervention (moved) (n= 2) 

Allocated to CHAMP (n= 70) 
♦ Received allocated intervention (n= 67)
♦ Did not receive allocated intervention  (n= 3)

Lost to follow-up (give reasons) (n= 1) 

Discontinued intervention (n= 0) 

Allocated to Control (n= 46) 
♦ Received allocated control/standard of care 

(n= 45)
♦ Did not receive allocated control/standard of 

care (n= 1)

Analysed   

HTKS (n= 45) 
♦ Excluded from analysis (lost to follow up) (n=  
1)

Mr. Ant (n= 46) 
♦ Excluded from analysis (lost to follow up) (n=  
2)

Boats/Rabbits (n= 46) 
♦ Excluded from analysis (lost to follow up) (n=  
2)

Randomized (n=116) 
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2.5 | Measures

Parents reported on child sex (male or female), age 
(months), and race/ethnicity. Behavioral and cognitive 
SR were assessed at pre- test and post- test by trained re-
search assistants using direct assessment and standard-
ized computer- based tasks. Standardized instructions 
were read aloud by the assessor or as part of the computer 
task. Research assistants were not blinded to participant 
group assignment.

2.5.1 | Behavioral aspects of self- regulation

Behavioral SR was assessed using the Head- Toes- Knees- 
Shoulders Task (HTKS).4 The HTKS requires the child 
to enact behaviors in response to a series of commands, 
while inhibiting dominant responses. For example, 
children are told “Touch your head” and must touch 
their toes. To execute the task, children must remember 
the rules, inhibit their initial behavioral reaction, and 
change their behavioral response to the opposite of the 
verbal instruction. The HTKS includes three parts, each 
including verbal instructions and between 4– 6 practice 
trials preceding 10 test trials. All practice and test trials 
are scored from 0– 2 points. Children receive a 2 if they 
successfully complete the trial, 1 if they self- correct dur-
ing a trial, or 0 if they fail to complete the trial correctly. 
Children advance if they receive at least 4 points dur-
ing the test trials. In the first part, children touch their 
head and their toes. In the second part, children add 
their knees and shoulders so that they must touch their 

head when asked to touch toes and touch their knees 
when asked to touch shoulders. In the third and final 
part, the rules are switched so that head goes with knees 
and shoulders go with toes. HTKS trials were coded live 
by trained administrators who achieved inter- rater reli-
ability (intraclass correlation = 0.99) before assessment. 
Total number of points earned in test (not practice) tri-
als are summed to generate HTKS score (range: 0– 60), 
with higher scores indicating better behavioral SR. The 
HTKS has been shown to be reliable and valid with di-
verse samples of preschool- aged children.4,28

2.5.2 | Cognitive aspects of self- regulation

Cognitive SR was assessed using computerized tasks as-
sessing visual– spatial working memory (“Mr. Ant”) and 
cognitive flexibility (“Boats and Rabbits”) from the Early 
Years Toolbox (EYT), a normed collection of iPad- based 
game- like tasks. The EYT has demonstrated expected de-
velopmental sensitivity and shown good convergent valid-
ity with comparable NIH Toolbox tasks with fewer floor 
effects in a large, diverse sample of Australian children 
ages 2.5– 5 years.29

Working memory
In “Mr. Ant,” children are presented with a cartoon 
ant figure who “puts” stickers on different body parts. 
Children must remember the location of each sticker and 
put it back on Mr. Ant. The game includes eight progres-
sive levels with three trials each (level 1 = 1 sticker; level 
8 = 8 stickers). Children must correctly place stickers in 

T A B L E  1  CHAMP intervention TARGET structures and links to SR

TARGET Structure Use of TARGET Structure in CHAMP to Promote SR

Task: Provide a variety of tasks/activities 
that vary in difficulty

Self- select from tasks/activities that vary in difficulty (create goals and strategies, plan and 
implement actions, make decisions, self- manage, self- monitor, and self- correct behavior)

Authority: Foster by allowing children 
to actively participate in the decision- 
making process

Self- manage and self- monitor behaviors (create goals and strategies, plan and implement 
actions, make decisions, self- manage, self- monitor, and self- correct behavior, manage 
emotions, understand and appropriately navigate social environments)

Recognition: Instructor and child 
recognize individual progress. 
Feedback is provided privately and 
individually.

Self- monitor and evaluate own performance (self- monitor behaviors, self- reflection of progress, 
manage emotions, focus attention, persist on a task, understand and appropriately navigate 
social environments, collaborative efforts)

Grouping: Focuses on grouping patterns 
Children are not grouped but given 
the opportunity to self- select their 
engagement with others

Self- select own engagement in task; give child ability to self- govern learning experience (plan 
actions and make decisions, self- monitor behavior, self- correct behaviors, manage emotions, 
appropriately navigate social environments, collaborative efforts)

Evaluation: Determine progress based on 
self- norms, not global norms

Self- evaluate own performance (self- monitor behaviors, self- reflection of progress, manage 
emotions, focus attention)

Time: Individualize the pace of 
instruction and learning experience

Self- direct own learning (plan actions and make decisions, self- monitor behaviors, self- correct 
behaviors, manage emotions)
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at least one trial to progress to the next level. Children ad-
vance until they fail to get all three trials correct. Children 
receive 1 point for each level completed with at least two 
correct trials and 1/3 of a point for levels with only 1 cor-
rect trial. The total number of earned points is summed 
across the assessment (0– 8), with higher scores indicating 
better cognitive SR.

Cognitive flexibility
“Rabbits & Boats” is a dimensional card- sorting task. 
Children are shown six stimuli “cards” at a moat bifurca-
tion and instructed to sort the cards into the correct castle 
at the end of each moat. Cards are sorted based on shape 
(rabbit vs. boat) or color (red vs. blue). The game has three 
series: pre- switch, post- switch, and border- task phases. 
Children sort by color (red vs. blue) in the pre- switch se-
ries; shape (boat vs. rabbit) in the post- switch series; and 
by either shape or color depending on whether a card is 
surrounded by a black border in the border- task series. 
Each series includes two practice trials and six test trials. 
Children receive a point for each correctly sorted card and 
must receive at least 5 points in both the pre-  and post- 
switch series to progress to the border- task series. Total 
number of correctly sorted cards (post- switch) are summed 
(range: 0– 12). Higher scores indicate better cognitive SR.

2.6 | Statistics

Descriptive statistics, including frequencies and percent-
ages for categorical variables and means and standard 
deviations for continuous variables, were computed to sum-
marize characteristics of the overall sample and of the in-
tervention and control groups. Between- group comparisons 
were conducted using two- sample t- tests or Wilcoxon tests 
or Fisher's exact tests as appropriate to evaluate the success 
of randomization and unadjusted group differences in be-
havioral and cognitive aspects of SR at pre- test. Bivariate 
associations among pre-  and post- test behavioral and cogni-
tive SR indicators were assessed using correlations.

As initial inspection of the distributions revealed many 
zero scores for all SR variables, we tested the impact of 
CHAMP on each SR outcome using zero- inflated ran-
dom effect hurdle models.30 These mixed- effect regres-
sion models can account for non- normal distributions 
with zero- inflated scores. They simultaneously model 
the likelihood that a child in the intervention condition, 
compared to control, will have a non- zero SR score at 
post- test (“zero- inflated” component of model), and that 
given a non- zero score, how much a child in the inter-
vention condition compared to control will increase in SR 
from pre- to post- test (“conditional” component of model). 
Comparisons between intervention and control groups at T
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pre-  and post- test were conducted using these models, in-
cluding child age, child sex, and timepoint of assessment 
as covariates that could predict SR. Model selection was 
done using Akaike Information Criterion (AIC).31 A quasi- 
Poisson family was chosen to handle overdispersion.32

3  |  RESULTS

3.1 | Descriptive statistics and bivariate 
associations

See Table  2 for pre-  and post- test sample sizes, means, 
and percent of children scoring zero on each task for the 
total sample and intervention and control groups. Percent 
of zero responses at pre- test and post- test did not differ 
between intervention and control groups (all p's > 0.05). 
Table  3 presents bivariate correlations among SR out-
comes at pre-  and post- test.

3.2 | Intervention effects

The zero- inflated random effect hurdle models simultane-
ously tested for impact of intervention condition on the odds 
of earning a non- zero score at post- test and the likelihood of 
increasing one's score given that the child achieved a non- 
zero score. Models included child sex, age at pre- test, and 
timepoint of assessment (pre- test; post- test) as covariates.

Overall, results indicated that there was an interven-
tion effect on behavioral SR (HTKS), but only for the odds 
of earning a non- zero score at post- test (p < 0.001), not 
on cognitive SR indicators (Mr. Ant conditional model 
p = 0.96, zero- inflated model p = 0.15, Boats/Rabbits con-
ditional model p  =  0.94, zero- inflated model p  =  0.44). 
Table 4 presents results of the mixed effects hurdle model 
estimating impact of intervention receipt on HTKS scores. 
Results from the zero- inflated part of the model indicate 
that children receiving the intervention, compared to not, 
were almost 3 times more likely to have non- zero scores at 
post- test; OR: 2.98 (CI 1.53, 5.81). Results from the condi-
tional part of the model indicate that assuming the child 
achieved a non- zero score, the intervention did not have 
a significant impact on HTKS (RR 1.00, CI 0.63, 1.59). 
Figure  2 presents boxplots of the HTKS score changes 
after intervention compared to pre- intervention for the in-
tervention and control groups.

3.3 | Age, sex, and timepoint of 
assessment as predictors of self- regulation

Covariates were not significant predictors of odds of earn-
ing a non- zero score at post- test (all p's < 0.05). Results 

from the conditional component of the model indicated 
that pre- test age was not significantly associated with 
HTKS score, but that timepoint of assessment (post vs. 
pre- test) and child sex (girls vs. boys) was associated with 
increased HTKS score, regardless of intervention condi-
tion. The timepoint of assessment finding indicates that 
among children who earned a non- zero HTKS score, post- 
test HTKS scores increased by 76% (calculated as exp(Beta 
0.57)- 1, p = 0.014) compared to pre- test, regardless of in-
tervention condition. The child sex finding indicates that 
among children who earned a non- zero HTKS score, boys' 
expected mean HTKS scores were only 62% (calculated 
as exp(Beta 0.49)- 1, p = 0.02) as high as girls' scores (see 
Figure 3).

4  |  DISCUSSION

The goal of the current study was to test the impact of 
a mastery- oriented motor competence intervention de-
livered in preschool settings serving children from low- 
income families on child behavioral and cognitive SR. 
We found that: (1) the CHAMP intervention had effects 
on behavioral, but not cognitive aspects of SR, and only 
among children who scored zero at pre- test; (2) child fac-
tors, including being a girl and having longer classroom 
exposure/maturation were associated with improved be-
havioral SR regardless of intervention condition; and (3) 
behavioral and cognitive SR scores were generally low, 
and moderately intercorrelated across domains. Results 
are discussed regarding implications for SR assessment 
and the potential for mastery- focused group learning cli-
mates and movement interventions to enhance SR during 
the preschool years.

4.1 | Impacts on behavioral and cognitive 
aspects of self- regulation

Many interventions that have specifically targeted cogni-
tive SR skills such as working memory have yielded mixed 

T A B L E  3  Bivariate correlations among behavioral and 
cognitive SR variables at pre- test (below diagonal) and post- test 
(above diagonal)

HTKS Mr. Ant Boats/Rabbits

HTKS 0.59*** 0.32*** 0.29**

Mr. Ant 0.26** 0.54*** 0.34***

Boats/Rabbits 0.19* 0.29** 0.25**

Note: Values on the diagonal indicate autocorrelation or stability of each 
measure from pre-  to post- test.
*p < 0.05; **p < 0.01; ***p < 0.001.
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or limited impact; the challenge of “near” versus “far” 
transfer of cognitive SR skills in cognitive training stud-
ies has been well- described.33 The finding that CHAMP 
impacted behavioral, but not cognitive aspects of SR was 
consistent with these observations as well as prior litera-
ture on motor skills interventions. Motor competence re-
quires planning, monitoring, and controlling large muscle 
groups, skills that are a focus of CHAMP and proximally 
related to behavioral SR.34 Prior motor skills interventions 
with children have shown impacts on behavioral SR. For 
example, among 107 preschoolers, children receiving a 
gross motor skills intervention demonstrated better be-
havioral SR (HTKS) 6 weeks later compared to controls,11 
and a prior evaluation of CHAMP showed impacts on 
behavioral SR as assessed using a snack delay task.1 An 
8- week intervention involving both fine and gross motor 
activities found impacts on both aspects of SR, but greater 
effects for behavioral (inhibitory control) compared to 
cognitive aspects (working memory) among only 53 pre-
schoolers.10 In contrast, our 16- week intervention did not 
improve cognitive SR. Researchers have noted that fine 
motor competence and behavioral SR skills are only mod-
estly related and that each contributes distinctly to early 

school achievement.9,35 Hudson et al10 may have found 
improvements in cognitive SR because their interven-
tion included fine motor skill components that may be 
closely connected to cognitive control pathways,8 whereas 
CHAMP's focus on gross motor skills may explain its im-
pacts on behavioral SR. Motor skills interventions that in-
tegrate both fine-  and gross- motor skill practice may be a 
promising direction for enhancing both aspects of SR9,34; 
to inform such work, future observational research should 
articulate specificity in associations of fine versus gross 
motor skills across different SR domains.

4.2 | Mastery climates for 
motor competence

Prior classroom- based interventions that have impacted 
cognitive SR in young children, such as Tools of the Mind,36 
seek to promote mastery by fostering autonomy and choice, 
similar to CHAMP, which does so in a motor context. It 
has been suggested that physical activity interventions that 
stimulate cognition may be most effective for improving 
SR, specifically executive functioning skills (PESCE 2021; 

T A B L E  4  Mixed- effect hurdle model results testing impact of CHAMP on HTKS (n = 112)

Zero- Inflated Component (odds of non- zero score at post- test)

Predictor Variable Regression Coefficient (Unstandardized B) Odds Ratio (95% CI) p value

Intervention Receipt 1.09 2.98 (1.53, 5.81) 0.001

Conditional Component (post- test score, conditional on having non- zero score)

Predictor Variable Regression Coefficient (Unstandardized B) Relative Ratio (95% CI) p value

Intervention Receipt 0.002 1.00 (0.63, 1.59) 0.99

Covariates

Timepoint: Post- test vs. Pre- test 0.57 1.76 (1.12, 2.77) 0.014

Child Sex: Male vs. Female −0.49 0.62 (0.41, 0.93) 0.02

Child Age at Pre- test 0.04 1.04 (0.99, 1.10) 0.24

F I G U R E  2  Intervention results: Boxplots of HTKS changes 
at post- test compared to pre- test for the intervention and control 
groups F I G U R E  3  Boys' and girls' HTKS scores at pre-  and post- test
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DOI:10.1080/17509 84X.2021.1929404), although results 
with older children have been mixed.37 Mastery- oriented 
interventions permit children to control their own learn-
ing experience, maintaining cognitive engagement, and 
motivation to learn as they focus on improving their own 
performance rather than making normative or social com-
parisons.15 In CHAMP, children select their own goals, 
activities, and with whom they engage in those activities. 
CHAMP's mastery climate challenged children to master 
increasingly difficult motor skills, which engaged behav-
ioral SR skills (e.g., inhibiting muscle movements).14,17 It 
is possible that CHAMP did not equally challenge work-
ing memory or cognitive flexibility, resulting in improved 
behavioral but not cognitive SR. The cognitive challenge of 
engaging in specific, mindful movements may also be im-
portant for enhancing cognitive aspects of SR;9,34,38 apply-
ing such techniques in mastery- focused learning climates 
may yield positive results. Mastery- focused motor compe-
tence interventions with young children could also pro-
mote cognitive SR over time through indirect pathways. 
For example, a mastery- oriented motor skills intervention 
that enhanced children's motor competence could increase 
their cognitive and emotional engagement in physical ac-
tivity and determination to seek out greater physical learn-
ing challenges in future, which in turn could enhance 
cognitive aspects of SR via neurobiological and cognitive 
stimulation pathways.12,38,39 Future longitudinal studies 
could disentangle these pathways as well as determine 
whether there are “sleeper effects” on cognitive aspects 
of SR for children who participated in mastery- oriented 
motor competence interventions as preschoolers.

4.3 | Child and socialization factors 
predicting self- regulation growth

We found that regardless of intervention, child sex –  
specifically, being a girl –  and timepoint of assessment 
–  specifically, post- test compared to pre- test –  were asso-
ciated with increased behavioral SR. The timepoint effect 
suggests a strong “over time” component to behavioral 
SR. This finding could reflect maturation, longer expo-
sure to the classroom context, or both. Prior work using 
school cutoff designs that can disentangle “schooling 
effects” from developmental maturation suggests that 
both maturation (e.g., related to brain development) and 
experiencing the structure of preschool (e.g., classroom 
routines) can promote behavioral SR.20,40 The current 
study design could not tease apart preschool experience 
and maturational factors, but this is an important ques-
tion for future work. The finding that girls improved 
their SR more than boys could also reflect generally 
greater early- life immaturity of males,41 socialization of 

gendered expectations for behavior control,42 or their 
combination. Although CHAMP intervention effects 
on motor competence were not found to differ for boys 
and girls in prior work,43 other motor interventions have 
found sex- specific effects, including on SR outcomes. 
For example, among preschoolers from low- SES com-
munities, a rhythm, and movement intervention de-
signed to practice SR skills improved attention- shifting 
cognitive SR skills for boys, but not girls.44 Such indi-
vidual differences in response to intervention have also 
been discussed in the cognitive training SR literature.45 
Future research on motor skills interventions that seek 
to improve SR for young children thus may also benefit 
from unpacking how sex differences or other individual 
factors such as maturation and/or socialization may 
drive intervention impacts.

4.4 | Assessment implications

Like other studies finding that intervention effects are 
stronger for children performing poorly at pre- test,10 we 
found that CHAMP primarily increased the odds of chil-
dren obtaining non- zero HTKS scores, rather than in-
creasing scores for children with non- zero scores. As in 
prior work with the HTKS35 and EYT,29 many children in 
our sample scored zero on SR measures. This may indicate 
floor effects and/or sample characteristics. Floor effects 
can occur particularly in young, high- poverty samples;46 
recent work has sought to adapt the HTKS to address 
this concern.47,48 Although direct assessments like HTKS 
and computer- based tasks allow objective measurement, 
it may also be helpful to combine them with teacher re-
ports.49 Floor effects on direct assessments may be due to 
competence- performance distinctions, for example, such 
that children who may possess SR skills cannot perform 
them for the examiner in the moment. Although it may 
be easier for young children to demonstrate SR skills in 
a behavioral task like HTKS compared to more abstract 
computer tasks, HTKS is still an individually adminis-
tered assessment that may evoke anxiety, resulting in poor 
performance.

Although the HTKS has been validated for use in di-
verse samples,28 it is also increasingly recognized that 
SR interventions should occur in contextually meaning-
ful contexts33; this also applies to SR assessment. Our 
sample of preschoolers from low- income families was 
challenged by these tasks, consistent with prior litera-
ture,18,35,46 but also suggesting a need for alternate as-
sessment methods that are contextually relevant as well 
as easy to administer, like the HTKS- R.47 Finally, as ex-
pected and as other studies have found,50 we found that 
individual behavioral and cognitive SR indicators were 

https://doi.org/10.1080/1750984X.2021.1929404
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moderately intercorrelated, confirming the multifaceted 
nature of the SR construct and the importance of multi-
ple measurement approaches.

4.5 | Strengths and limitations

The current study had several strengths, including the 
cluster- randomized RCT design, which allowed us to de-
termine the effectiveness of CHAMP compared to outdoor 
recess. CHAMP was also administered with high fidelity, 
which is recommended but not always assessed in physi-
cal activity- focused interventions.38 Further, we focused 
on children from low- income families, who often experi-
ence SR difficulties given exposure to chronic stressors.18 
As with all studies, there were also limitations. First, 
reflecting challenges in the field,2,3 SR assessments may 
overlap conceptually. For example, to successfully com-
plete the HTKS, children must be able to enact the behav-
ioral skills of inhibiting prepotent responses and engaging 
alternate responses, yet HTKS also requires cognitive SR 
(e.g., working memory to recall instructions; cognitive 
flexibility to act opposite to instructions). Thus, HTKS 
measures complex SR skills.47 Similarly, although work-
ing memory and cognitive flexibility index cognitive SR, 
they also require behavioral responses (e.g., fine motor 
skills). Second, although examiners were trained to reli-
ability on SR task administration, children's general poor 
performance may have reflected limited understanding. 
A strength of the hurdle model approach was that it al-
lowed us to account for this non- normal distribution by 
simultaneously modeling non- zero and zero- value scores, 
which yielded unique information about both how the 
intervention worked among children who scored poorly 
and those who had non- zero scores. Finally, as our sam-
ple included only children living in poverty and attending 
Head Start, our findings are not generalizable beyond this 
population.

4.6 | Perspective

Motor competence interventions that use mastery- 
oriented approaches to instruction are an appealing way 
to engage children in activities that may enhance behav-
ioral aspects of SR, although effects were specific to chil-
dren who received zero scores at pre- test. There was no 
evidence that such interventions enhanced cognitive SR. 
CHAMP provides a mastery- oriented approach to motor 
skill instruction that engages children in self- selected 
gross motor skill activities in a non- competitive context. It 
was shown to be effective for improving motor outcomes14 
and, to some degree, SR.1 Current findings expand on this 

work and suggest that this mastery- oriented motor com-
petence intervention effectively improves behavioral SR, 
but only for children who performed poorly on the behav-
ioral SR assessments. It is important to consider mastery- 
oriented motor competence interventions like CHAMP as 
an effective approach to improving not only motor skills 
but also behavioral SR in young children, as each of these 
factors can have important and lasting impacts on chil-
dren's development and health.
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