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ABSTRACT
. Introduction: The present study aimed to compare the effects of 3 school-based physical exercises
Article info: . o . .
with different levels of cognitive engagement on executive functions.
Received: 14 Aug 2019 :
Accepted: 29 Sep 2019 Materials and Methods: In total, 47 students aged 13-14 years were randomly divided into 3

groups, as follows: the Integrated Physical and Cognitive (IPC) exercise, peer physical exercise group
(with the same physical challenge), and control group (the routine physical education program).
A Continuous Performance Test (CPT), the N-back test, and the Stroop test were used to evaluate
executive functions in pretest and posttest.
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Results: The obtained results indicated that the IPC group significantly improved more than the
other groups on the executive functions. Accordingly, physical exercise with a higher cognitive load
benefitted both speed and accuracy on cognitive tasks significantly more than the same physical

activity alone.
Keywords: : Conclusion: Therefore, in the integrated physical and cognitive exercise, the cognitive and
Executive functions, Physical ¢ physiological effects of this training style interact with each other; therefore, their beneficial effects
exercise, rehabilitation, : can be gradually increased, while interventions that only focus on the physical dimension would be
Cognitive training less effective in promoting cognitive functions.
Introduction selective attention, working memory, and cognitive flex-
ibility. Optimal levels of these functions significantly im-
ognitive functions play an essential role pact individuals’ health, job success, academic achieve-
in improving the quality of life. These ment, and other important facets of life [2]. Executive
functions include distinct but inter- functions continue to improve throughout adolescence
related processes, i.e., responsible for [3]. Accordingly, adolescence is a crucial and significant
controlling and organizing goal-directed period for studying executive functions [4]. Several stud-
behaviors [1]. The executive functions ies investigated factors affecting executive functions.
are critical cognitive functions and include self-control, Various interventions were used to optimize them, in-
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cluding physical exercise, cognitive training, and neuro-
psychological interventions, including brain stimulation,
and so on [5-7]. Some of these interventions, like physi-
cal activity related to lifestyle changes, have received
more attention in recent decades [8, 9]. School-Based
physical training is a common program in the school cur-
riculum, i.e., available to most students [10]. Although
most physical education programs focus on children’s
physical health, further attention has been given to the
possible cognitive benefits [11].

Previous studies have examined the beneficial effects
of physical activity and physical fitness on cognitive func-
tions [12]. To achieve this beneficial effect, the physical
load is an essential factor that places a greater empha-
sis on aerobic activity [13]. Accordingly, some studies
reported that aerobic fitness is associated with better
cognitive functions [4, 14, 15]. For example, improved
aerobic fitness in a sample of 13-year-old Spanish stu-
dents was correlated with enhanced overall cognitive
functions [16]. The point of such studies is that most
of the research conducted in a laboratory environment
has only focused on physiological mechanisms.

Another mechanism that might explain the impact
of physical activity on cognitive functions is that mo-
tor skills require many of the same brain regions as do
higher-level cognitive processes [17]. Perhaps studies
of the effects of physical activity on cognitive functions
should focus more on motor coordination and balance
[18-21]. Training motor coordination may improve cog-
nitive functions [22]. Executive functions are critical for
school success, indeed Bittmann et al. found they could
discriminate good students from poorer ones with 80%
accuracy based on their balancing skills alone [23].

Research findings indicated that different mentioned
physical activities may result in changes in the brain
functions and sometimes brain structures [24]; however,
some researchers believe that lack necessarily leads to
improved executive functions in real contexts [6]. These
researchers believe that to improve the benefits of phys-
ical activity for cognition, physical exercise should con-
tain cognitive challenges [6, 25]. Accordingly, exercise
presents beneficial effects on brain function; however,
to recognize demonstrable cognitive benefits, perhaps
the exercise needs to be cognitively, as well as physically,
demanding. This perspective on the improvement of
cognitive functions through exercise is also emphasized
by the hypothesis of cognitive stimulation [11, 26, 27].

Most sports, in addition to physical challenges, require
numerous executive functions (e.g., planning, attention,
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memory, inhibition, keeping goals in mind, adapting to
changing environments, & decision-making). Conse-
quently, individuals implicitly practice executive func-
tions by performing open skill sports [28]. However, the
types of cognitive components (e.g., working memory
or inhibition) as well as the difficulty and complexity of
stimuli in the sport contexts (cognitive load) are usually
presented randomly. Moreover, they are not completely
under the control of the instructor, while the overload
principle is among the main concepts in exercise science.

Although the hypothesis of combining physical ex-
ercise with cognitive training sounds appealing, the
question then arises as to what kind of physical and
cognitive components to combine. Several studies have
addressed this issue with different protocols; however,
the general paradigm in the area of physical training in-
cludes aerobic [13, 29] and perceptual-motor training
programs (coordination & balance) [18, 30]. Further-
more, the core of most cognitive training focuses on
working memory [31]. Studies of physical activity have
often considered effects on other executive functions.
For example, Tomporowski et al. focused on task switch-
ing and inhibition as well as the updating component of
working memory [27]. Schmidt et al. argued that physi-
cal exercise with high Cognitive Engagement (CE), com-
pared to similar physical exercise with low CE improved
task switching, but not updating or inhibition [11].

Changing the cognitive paradigms used in the com-
bination of cognitive training and physical exercise, or
changing the cognitive demands of the physical activity,
will most probably change the aspects of the affected
cognition [32]. The present study aimed to investigate
the effects of integrative physical and cognitive exercise
on executive functions, compared to other physical exer-
cises with low cognitive engagement. We increased the
cognitive demands of physical exercise through com-
mon protocols of cognitive training. The physical activi-
ties posed physical and cognitive challenges; cognitive
challenges were added to aerobic, balance, and coordi-
native exercise. Additionally, due to the importance of
the school curriculum in the formation of health-related
activities, school-based exercises were used.

Materials and Methods

In total, 47 students aged 13-14 years voluntarily par-
ticipated in the current study. All research participants
were right-handed and had no history of a medical
condition. Informed written consent forms were ob-
tained from all research participants. All procedures
performed in studies involving human participants were
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per the ethical standards of the Allameh Tabataba’i Uni-
versity Research Committee. The study participants
were randomly divided into 3 groups, as follows: Inte-
grated Physical and Cognitive (IPC) exercise, physical ex-
ercise alone (with the same physical challenge), and a
control group, which participated in the routine physical
education program. The Continuous Performance Test
(CPT), N-back, and Stroop tests were used to evaluate
sustained attention, working memory, and inhibitory
control, respectively.

In our visual continuous performance test [33], 400
stimuli divided into two categories (Go/No-Go) were
presented to the study participants. For Go, stimuli sub-
jects were to press the key on a computer keyboard.
Failure to respond to a Go stimulus constituted an omis-
sion error. For No-Go stimuli, the study participants
were not to do anything. Pressing the computer key for
a No-Go stimulus constituted a commission error. The
order of presentation of the stimuli was random. De-
pendent measures included omission and commission
errors, reaction time, and reaction time variability.

The N-back test was used to evaluate working memory
[34]. In this test, several visual stimuli were serially dis-
played on the screen; the individual had to press the tar-
get key if any stimulus was similar to the two previous
stimuli. This task performs two main working memory
operations, as follows: storing information, then updat-
ing it continuously. New information was simultane-
ously and instantaneously analyzed, compared with pre-
stored information, and guided decision making. The
error and correct percentages were evaluated as perfor-
mance accuracy; while reaction time and its variability
index were evaluated as information processing speed.

A computerized version of the Stroop test was used
to evaluate the interference control and inhibition [35].
The 4 colors (green, yellow, blue, & red) were used in
this test, identified using color labels on the correspond-
ing keys. In this test, the stimuli were divided into com-
patible and non-compatible categories, i.e., randomly
presented during task execution. In compatible trials,
the name and color of displayed words were similar
(i.e., the word blue is displayed in blue), and in incompat-
ible trials, the color name was contrasted with the dis-
played color (e.g., the word blue was shown in yellow).
In both of these trails, one has to respond to the word
color regardless of the meaning of the word. In this test,
the number of errors and correct responses and reac-
tion time in compatible and incompatible trials, inter-
ference score (difference between the number of errors
in compatible & incompatible trails), and interference

Winter & Spring 2020, Volume 12, Number 1

time (reaction time difference between compatible &
incompatible trails) were recorded.

In the first session, after explaining the experiment
process, all subjects participated in the pretest. Then,
the study participants in each group practiced in 3 dif-
ferent interventions (low or high cognitive engagement
training & the routine physical education class) for 8
weeks (16 sessions). All training groups performed two
60-minute training sessions per week. The first and last
10 minutes of each session were devoted to warm-up
and cool-down; approximately 40-45 minutes were de-
voted to the main activity per session. In the routine
physical education program (control group), in addition
to warm-up and cool-down, they practiced physical fit-
ness, volleyball, and basketball; however, different train-
ing programs were performed in the other two groups.
Physical challenges were attempted to be almost similar
in these two groups; the only difference between the
study groups was in using cognitive paradigms.

During the training, both study groups encountered
bio-motor challenges, such as balance, coordinated
movements, and aerobic exercise with a high-intensity
interval game approach; however, in the IPC group, cog-
nitive challenges were combined with physical ones. The
cognitive paradigms used in the IPC group included dig-
it-forward, digit-backward, N-back, Switching, Stroop,
and Go/ No- Go like tasks. Additionally, the aiming tasks
were used for focused attention. For example, partici-
pants in the IPC group solved a puzzle while running,
or they had to remember the sequence of movements
according to the color of the cones while performing co-
ordination steps on the agility ladder. At the end of the
exercise sessions, the Stroop, N-back, and Continuous
Performance Tests were re-administered. For data anal-
ysis, the two-way repeated-measures Analysis of Vari-
ance (ANOVA) was used to investigate the trend of the
changes in groups induced by different interventions.

Results

Table 1 presents the results of the CPT test in different
groups and test stages. The results of two-way repeated-
measures ANOVA in omission error revealed a signifi-
cant main effect of group (F, ,,=3.65, P=0.034, n*=0.14);
however, the main effect of the test was not significant
(FL 4=0:57, P=0.45, n*=0.01). Moreover, no statistically
significant difference was observed between the study
groups concerning tests (F2'44=2.98, P=0.06, n?=0.12).

In commission error component, the main effect of
test (F, , =3.55, P=0.06, n*=0.07), the main effect of

1, 44
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Table 1. Mean+SD values of the CPT sub-tests
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Mean1SD
Tests Groups
Omission Error Commission Error Reaction Time Reaction Time Variability

IPC 13.83+12.31 64.85+43.43 414.75+78.5 114.54425.82

Pretest Physical 19.65+16.38 64.56+43.79 397.91468.9 125.75+39.62

Control 10.85+11.4 51.08+31.82 381.42+81.01 101.46+37.49

IPC 8.351£14.6 44.8+51.6 390.1+64.15 102.83+2.35

Posttest Physical 29.7+31.6 58.33+37.3 415.72+69.65 121.79+39.74

Control 12.33+15.5 44.74+42.35 360.53+64.66 108.62+40.07
Exercise Science and Medicine
group (F, ,,=0.5, P=0.6, n’=0.02), and the interaction icant. However, the trend of the change in groups dur-
effect (F, ,,=0.64, P=0.533, n’=0.028) were also non- ing the test stages was significantly different (F, , =4.16,

significant. The results of reaction time revealed that
the main effect of the test (Fl/ »=1.5, P=0.22, n?=0.03)
and the main effect of group (F2,44=1.3, P=0.27, n*=0.05)
were not significant; however, there was a significant in-
teraction between groups and tests (le =329, P=0.04,
Nn?=0.13). The IPC reduced reaction time during the test
stages; however, this reduction was not observed in
the physical group. In the standard deviation of reac-
tion times, the main effect of group (le w=1.4, P=0.25,
n?=0.06), the main effect of test (F, ,,=0.69, P=0.41,
n?=0.01), and the interaction effect (F, , =2.5, P=0.09,
n?=0.1) were not significant.

2,44

Table 2 illustrates the results of the N-back test in dif-
ferent groups and test stages. The results of the correct
response percentage showed that the main effect of the
group (F, ,,=0.89, P=0.41, n’=0.04) and the main effect
of the test (F, ,,=0.78, P=0.38, n?=0.017) were not signif-

Table 2. Mean+SD scores of the N-back sub-tests

2,44

P=0.02, n*=0.16). Accordingly, the IPC group had more
progress than the other groups.

In the reaction time of the N-back test, the main ef-
fect of group (F, ,=0.23, P=0.79, n’>=0.01) and inter-
action effect (F, 4'4=2.7, P=0.07, n*=0.11) were not sig-
nificant; howevér, the results indicated that the main
effect of the test was significant (FL ,=16.19, P=0.0001,
Nn?=0.27). Accordingly, all training groups in this compo-
nent manifested the same improvement. Additionally,
the analysis of standard deviation of reaction time in
N-back test revealed that the main effect of group (FZ'
=0-97, P=0.39, n*=0.04), the main effect of the test (F,
,=0.008, P=0.92, n?=0.0001), and the interaction effect
(Fzy «=1.47, P=0.23, n>=0.06) was also not significant.

The results of the Stroop test are listed in Table 3.
The interference score revealed that the main effect of

MeantSD
Tests Groups
Correct Response Percentage Reaction Time Reaction Time Variability

IPC 56.94+10.31 707.94+240.12 294.81+97.51

Pretest Physical 56.75+13.85 778.25+219.71 330.75+77.11
Control 65.4+15.57 729.0+154.33 296.26+58.74

IPC 67.81+12.33 694.75+217.74 230.5+71.99

Posttest Physical 57.43+19.0 670.06+185.08 266.87+87.73
Control 60.0+19.49 629.46+103.95 439.8469.58

Exercise Science and Medicine

Mardasangi Dulabi S, et al. Executive functions, Physical exercise, Cognitive training. JESM. 2020; 12(1):47-56.




Winter & Spring 2020, Volume 12, Number 1

Exercise Science and Medicine

Table 3. Mean+SD scores of the Stroop sub-tests

MeanxSD
Tests Groups
Interference Score Interference Time
IPC 0.06+1.28 26.38+37.57
Pretest Physical 1.06+1.29 24.81+35.94
Control 0.2+1.08 37.67+41.65
IPC 0.56+0.96 29.87+34.34
Posttest Physical 0.43+1.15 30.93+32.44
Control 0.2+1.2 25.2+39.95
Exercise Science and Medicine
group (F, ,,=2.9, P=0.06, n*=0.11), the main effect of test was observed in all groups. Therefore, the current re-

2,44

(FL ,=0-41, P=0.35, n?=0.008), and the interaction effect
(F, ., =3.01, P=0.06, n?=0.12) were not significant.

2,44

Similar results were observed in the interference time
in the Stroop test, suggesting that the main effect of
group (FZ’ ,=0.08, P=0.91, n’*=0.06), the main effect of
the test (F1l44=0.016, P=0.9, n?=0.0001), and interaction

search results demonstrated that different exercise
types affected the response accuracy or speed.

The obtained data supported the combination of
physical and cognitive challenges in improving cognitive
functions and specifically in the subtests of the N-back
test and CPT. These findings were in line with those indi-

effect (F, ,,=0.58, P=0.56, n°=0.02) were not significant. cating that the qualitative dimension of physical training
is as crucial as its quantitative dimension [25]. Accord-
Discussion ingly, the effects of cognitive training along with physical

The current study investigated the effects of 3 school-
based physical exercises with different cognitive loads
on executive functions. Accordingly, participants in 3
groups practiced different types of physical exercise.
The relevant results indicated that the Integrated Physi-
cal and Cogpnitive exercise (IPC) group significantly im-
proved, compared to the other groups in terms of the
reaction time of the CPT test. The reaction time of CPT
reflected the processing speed of targeted stimuli or
stimuli that participants must respond to them. The
collected results indicated that the omission and com-
mission errors were not affected by the exercises; how-
ever, the different improvement was observed only in
the reaction time of CPT. Previous studies signified that
the effect of physical exercise on response accuracy and
speed was different [36]. Therefore, there was a more
positive effect on reaction time than response accuracy,
i.e., in line with the findings of McMorris et al., indicat-
ing that physical exercise is more likely to influence the
reaction time [36]. Furthermore, the result of the N-
back test reflected that the physical exercise group with
a higher cognitive load had more progress in response
accuracy, compared to the other groups; however, the
improvement in the reaction time of the N-back test

exercise can be merged, leading to improving its effects
[37]. Diamond and Ling believe that “aerobic training,
or resistance training, without cognitive challenges,
does little or no benefit to executive functions”. Accord-
ing to some studies, sports and physical exercises that
require mental engagement, such as traditional mar-
tial arts, yoga, tai chi, etc., can help improve executive
functions [6]. Pesce et al. suggested that the attention
of typically developing children improved when physical
activity was combined with cognitive challenges [26]. In
a study conducted on obese children aged 9-10 years,
the results revealed that physical activity combined with
cognitive challenges improved cognitive functions, com-
pared to routine physical education programs [38]. How-
ever, some researchers cautioned against making deci-
sions based on this small number of studies [39]. The
present study findings reflected that combined exercise
(IPC group) improved sustained attention and updating.

In addition, the results of the N-back test suggested
that reaction time was improved in different types of
exercise. Research has also indicated that different
types of exercise, regardless of qualitative or cognitive
dimension, can also improve some cognitive functions.
Hillman et al., in a review study, stated that motor skills
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and exercise, even when the cognitive load is low, can
improve executive functions. This is because of their ef-
fects on brain structures that can affect cognitive func-
tions [29]. Accordingly, executive functions largely de-
pend on the activity of specific areas of the brain. The
executive functions are mainly related to the Prefrontal
Cortex (PFC) and other neural regions. In this regard, ev-
idence highlighted that the intervention that affects the
PFC may also influence executive functions [29]. There-
fore, following physical activity and motor skills training,
these areas are affected even when the cognitive load is
low. Additionally, neurophysiological mechanisms may
be effective for explaining the effect of physical exercise
regardless of cognitive load. Increased blood flow and
oxygen supply to the brain as well as increased levels of
BDNF can be attributed to the mechanisms of improve-
ment through these exercises [40].

Some research suggested that adding physical exer-
cise to cognitive training does not provide additional
benefits to executive functions [41]. Our findings were
consistent with these results, which may be due to im-
proved reaction time, regardless of the type of exer-
cise; however, due to the different progression of the
combined group (IPC), compared to other groups; the
present findings may be inconsistent with those of the
above-mentioned studies.

Our results may be in contrast with those of Schmidt
et al., suggesting that updating in children and adoles-
cents has rarely changed as a result of physical exercise
[11]. However, the present study findings revealed an
improvement in the N-back test, which examined the
updating performance. These results can be considered
based on the contents of the cognitive challenges. In the
current study, much of the cognitive challenges used in
physical exercise were related to working memory-like
tasks. The digit-forward, digit-backward paradigms,
task-switching, and updating-like tasks were more relat-
ed to working memory. Besides, the Stroop and Go-No-
go-like tasks seem to use working memory [42]. These
results can be considered from the transfer perspective
of cognitive training. Based on studies conducted, cog-
nitive training can have narrow and near transfer [2, 6].

In the study by Schmidt et al., although they used in-
hibition and updating patterns in the design of the ex-
ercise, they placed further emphasis on the switching
component due to the nature of the sports games. This
may be due to the near-transfer effect, this component
was affected more than others. Accordingly, further ef-
fects are observed in tasks that have similar processing
needs, such as N-back, and the transfer of its effects to

Exercise Science and Medicine

interference control is difficult [32]. It is therefore rec-
ommended that future research requires to focus on
investigating the separate and combined effects of dif-
ferent cognitive challenges and physical exercise. The
results of the Stroop test also revealed no significant dif-
ference between the research groups concerning the
interference control component and interference time
component. Thus, the type of exercise could not provide a
different effect on the progression in interference control.

In line with our findings, Schmidt et al. observed no ef-
fect of different physical exercises on inhibition control.
Accordingly, the inhibitory control may well evolve in
children; therefore, it may be less readily affected [43].
On the other hand, some studies reflected that inhibi-
tion control can be affected [44].

In the combination of physical and cognitive challeng-
es, it seems necessary to mention a few limitations, as
follows: First, the issue of real cognitive versus artificial
cognitive load. Based on this, real sports activities, such
as tennis, soccer, and other sports seem to have various
cognitive challenges in addition to physical challenges
that can be created and fun. However, the worthwhile
point to consider in these exercises is that the cognitive
load in these sports fields, cannot be gradually controlled
by the coach, while controlling exercise components is
among the principles of exercise design. Therefore, this
challenging trade-off between actual and artificial cogni-
tive challenges and control of them will continue.

Accordingly, in the present study, in addition to con-
trolling the cognitive load of the exercise, we attempted
to use cognitive tasks close to the real environment.
Notable, the control of both challenges of the control
of cognitive components and the similarity of cogni-
tive tasks with the real environment is not completely
possible. Another limitation facing the combination
of physical exercise with cognitive challenges may be
that the focus of the performer on cognitive challenges
may cause the quality of performing motor skills to be
neglected and not practiced and this will reduce the
beneficial effects of physical exercise. However, the per-
formance accuracy was assessed by the trainers. In ad-
dition, cognitive challenges may reduce the enjoyment
of physical exercise, while enjoyment is a key prerequi-
site for improving cognitive functions through exercise
[8]; however, with a game-based approach, this prob-
lem was tried to be minimized.
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Conclusion

Overall, our findings demonstrated that positive ef-
fects of the cognitive functions were observed in inte-
grated physical and cognitive exercise; however, these
benefits were only observed in working memory and
attention components. Since the IPC exercise placed
more emphasis on working memory training paradigms,
this component was most affected by this exercise. Fur-
thermore, there seems to be a close relationship be-
tween working memory and attention interventions.
The physical exercise with higher cognitive load affected
both the performance speed and accuracy of cognitive
tasks, while physical training with low cognitive engage-
ment had only a positive effect on the component of
speed. Overall, our study can be considered as empirical
evidence of the benefits of physical and cognitive train-
ing combination. In this regard, there seems no inter-
vention that can improve all cognitive dimensions, and
each activity type can improve its related dimension.
Therefore, further research is necessary to investigate it.

Ethical Considerations

The present study was accordance with the ethical
standards of Allameh Tabataba'i University research
committee. Also, written informed consent was ob-
tained from all the participants

This study received no grant from any institution/com-
pany/university. The manuscript is taken from MSc. the-
sis of the first author.

Conceptualization: Methodology: all author; Investiga-
tion: Shohre Mardasangi Dulabi; Writing — original draft:
Shohre Mardasangi Dulabi, Mohammdreza Ghasemian;
Writing — review & editing: Shohre Mardasangi Dulabi,
Mohammdreza Ghasemian; Supervision: Mohammdre-
za Ghasemian, Mohammadali Aslankhani.

The authors declared no potential conflicts of interest.

The authors would like to thank all students and teach-
ers who participated in this study accurately and kindly.

Winter & Spring 2020, Volume 12, Number 1

References

[1] Hodges JR. Cognitive assessment for clinicians. Oxford: Ox-
ford  University Press; 2017. https://books.google.com/
books?id=QYcODWAAQBAJ&dq

[2] Diamond A. Executive functions. Annual Review of Psychology.
2013; 64:135-68. [DOI:10.1146/annurev-psych-113011-143750]
[PMID] [PMCID]

[3] Luna B. Developmental changes in cognitive control through ado-
lescence. Advances in Child Development and Behavior. 2009;
37:233-78.[D0I:10.1016/S0065-2407(09)03706-9] [PMID] [PMCID]

[4] Westfall DR, Gejl AK, Tarp J, Wedderkopp N, Kramer AF, Hillman CH,
et al. Associations between aerobic fitness and cognitive control in
adolescents. Frontiers in Psychology. 2018; 9:1298. [DOI:10.3389/
fpsyg.2018.01298] [PMID] [PMCID]

[5] Diamond A. Activities and programs that improve children’s execu-
tive functions. Current Directions in Psychological Science. 2012;
21(5):335-41. [DOI:10.1177/0963721412453722] [PMID] [PMCID]

[6] Diamond A, Ling DS. Conclusions about interventions, programs,
and approaches for improving executive functions that appear
justified and those that, despite much hype, do not. Develop-
mental Cognitive Neuroscience. 2016; 18:34-48. [DOI:10.1016/].
dcn.2015.11.005] [PMID] [PMCID]

[7] Diamond A, Ling DS. Review of the evidence on, and fundamental
questions about, efforts to improve executive functions, including
working memory. In: Novick JM, Michael F. Bunting, Dougherty
MR, Engle RW. Cognitive and Working Memory Training: Perspec-
tives From Psychology, Neuroscience, And Human Development.
Oxford: Oxford University Press; 2019. p. 143-431. [DOI:10.1093/
0s0/9780199974467.003.0008]

[8] Diamond A. Effects of physical exercise on executive functions: Go-
ing beyond simply moving to moving with thought. Annals of Sports
Medicine and Research. 2015; 2(1):1011. [PMID] [PMCID]

[9] Diamond A, Ling DS. Aerobic-exercise and resistance-training in-
terventions have been among the least effective ways to improve
executive functions of any method tried thus far. Developmen-
tal Cognitive Neuroscience. 2019; 37:100572. [DOI:10.1016/j.
dcn.2018.05.001] [PMID] [PMCID]

[10] Tarp J, Domazet SL, Froberg K, Hillman CH, Andersen LB, Bugge
A. Effectiveness of a school-based physical activity intervention on
cognitive performance in Danish adolescents: LCoMotion-learning,
cognition and motion-a cluster randomized controlled trial. PloS
One. 2016; 11(6):e0158087. [DOI:10.1371/journal.pone.0158087]
[PMID] [PMCID]

[11] Schmidt M, Jager K, Egger F, Roebers CM, Conzelmann A. Cogni-
tively engaging chronic physical activity, but not aerobic exercise,
affects executive functions in primary school children: A group-ran-
domized controlled trial. Journal of Sport and Exercise Psychology.
2015; 37(6):575-91. [DOI:10.1123/jsep.2015-0069] [PMID]

[12] Erickson KI, Hillman CH, Kramer AF. Physical activity, brain, and
cognition. Current Opinion in Behavioral Sciences. 2015; 4:27-32.
[DOI:10.1016/j.cobeha.2015.01.005]

[13] Best JR. Effects of physical activity on children’s executive func-
tion: Contributions of experimental research on aerobic exer-
cise. Developmental Review. 2010; 30(4):331-51. [DOI:10.1016/j.
dr.2010.08.001] [PMID]

[14] Ahn S, Fedewa AL. A meta-analysis of the relationship between
children’s physical activity and mental health. Journal of Pediat-

Mardasangi Dulabi S, et al. Executive functions, Physical exercise, Cognitive training. JESM. 2020; 12(1):47-56.



https://www.ncbi.nlm.nih.gov/pubmed/26535368
https://www.ncbi.nlm.nih.gov/pubmed/26535368
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4555588
https://doi.org/10.1016/j.knee.2006.01.005
https://www.ncbi.nlm.nih.gov/pubmed/16603363
https://doi.org/10.1016/j.ptsp.2017.12.002
https://www.ncbi.nlm.nih.gov/pubmed/29447910
https://doi.org/10.1002/art.11121
https://www.ncbi.nlm.nih.gov/pubmed/12794781
https://www.ncbi.nlm.nih.gov/pubmed/12794781
https://doi.org/10.4085/1062-6050-52.11.25
https://www.ncbi.nlm.nih.gov/pubmed/29154692
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5763249
https://doi.org/10.1177/0363546514548165
https://www.ncbi.nlm.nih.gov/pubmed/25214531
https://pubmed.ncbi.nlm.nih.gov/25883862/
https://pubmed.ncbi.nlm.nih.gov/25883862/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4387721/
https://doi.org/10.1016/j.ptsp.2013.05.001
https://www.ncbi.nlm.nih.gov/pubmed/23891143
https://www.ncbi.nlm.nih.gov/pubmed/23891143
https://doi.org/10.2519/jospt.2015.4986
https://www.ncbi.nlm.nih.gov/pubmed/25627151
https://doi.org/10.1080/1750984X.2012.723728
https://doi.org/10.1080/1750984X.2012.723728
https://doi.org/10.1007/s00167-019-05721-x
https://www.ncbi.nlm.nih.gov/pubmed/31541293
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6994440
https://doi.org/10.25036/jphr.2017.1.2.voight
https://doi.org/10.1016/j.pmrj.2014.08.361
https://www.ncbi.nlm.nih.gov/pubmed/25111946
https://doi.org/10.2147/OAJSM.S72432
https://www.ncbi.nlm.nih.gov/pubmed/26346471
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4556293
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4556293
https://doi.org/10.1111/sms.13309

Winter & Spring 2020, Volume 12, Number 1

ric Psychology. 2011; 36(4):385-97. [DOI:10.1093/jpepsy/jsq107]
[PMID]

[15] Hillman CH, Castelli DM, Buck SM. Aerobic fitness and neu-
rocognitive function in healthy preadolescent children. Medi-
cine and Science in Sports and Exercise. 2005; 37(11):1967-74.
[DOI:10.1249/01.mss.0000176680.79702.ce] [PMID]

[16] Raine LB, Biggan JR, Baym CL, Saliba BJ, Cohen NJ, Hillman CH.
Adolescent changes in aerobic fitness are related to changes in aca-
demic achievement. Pediatric Exercise Science. 2018; 30(1):106-14.
[DOI:10.1123/pes.2015-0225] [PMID]

[17] Diamond A. Close interrelation of motor development and cogni-
tive development and of the cerebellum and prefrontal cortex. Child
Development. 2000; 71(1):44-56. [DOI:10.1111/1467-8624.00117]
[PMID]

[18] Budde H, Voelcker-Rehage C, PietraRyk-Kendziorra S, Ribeiro P,
Tidow G. Acute coordinative exercise improves attentional perfor-
mance in adolescents. Neuroscience Letters. 2008; 441(2):219-23.
[DOI:10.1016/j.neulet.2008.06.024] [PMID]

[19] Rigoli D, Piek JP, Kane R, Oosterlaan J. An examination of the re-
lationship between motor coordination and executive functions in
adolescents. Developmental Medicine & Child Neurology. 2012;
54(11):1025-31. [DOI:10.1111/.1469-8749.2012.04403.x] [PMID]

[20] Haynes W, Waddington G, Adams RD. Associations among bal-
ance, physical activity, physical fitness, and academic results in
schoolchildren. Health Behavior and Policy Review. 2018; 5(1):57-
68. [DOI:10.14485/HBPR.5.1.6]

[21] Mihara M, Miyai |, Hatakenaka M, Kubota K, Sakoda S. Role of
the prefrontal cortex in human balance control. Neuroimage. 2008;
43(2):329-36. [DOI:10.1016/j.neuroimage.2008.07.029] [PMID]

[22] Liu JH, Alderman BL, Song TF, Chen FT, Hung TM, Chang YK. A ran-
domized controlled trial of coordination exercise on cognitive func-
tion in obese adolescents. Psychology of Sport and Exercise. 2018;
34:29-38. [DOI:10.1016/j.psychsport.2017.09.003]

[23] Bittmann FN, Gutschow S, Luther S, Wessel N, Kurths J. On the
functional relationship between postural motor balance and per-
formance at school. Deutsche Zeitschrift fiir Sportmedizin. 2005;
56(10):348-52.  https://publishup.uni-potsdam.de/frontdoor/in-
dex/index/docld/13501

[24] Hillman CH, Erickson KI, Kramer AF. Be smart, exercise your heart:
exercise effects on brain and cognition. Nature Reviews Neurosci-
ence. 2008; 9(1):58-65. [DOI:10.1038/nrn2298] [PMID]

[25] Pesce C. Shifting the focus from quantitative to qualitative exer-
cise characteristics in exercise and cognition research. Journal of
Sport and Exercise Psychology. 2012; 34(6):766-86. [DOI:10.1123/
jsep.34.6.766] [PMID]

[26] Pesce C, Crova C, Marchetti R, Struzzolino I, Masci |, Vannozzi G,
et al. Searching for cognitively optimal challenge point in physi-
cal activity for children with typical and atypical motor develop-
ment. Mental Health and Physical Activity. 2013; 6(3):172-80.
[DOI:10.1016/j.mhpa.2013.07.001]

[27] Tomporowski PD, McCullick B, Pendleton DM, Pesce C. Exercise
and children’s cognition: The role of exercise characteristics and a
place for metacognition. Journal of Sport and Health Science. 2015;
4(1):47-55. [DOI:10.1016/j.jshs.2014.09.003]

[28] Oberer N, Gashaj V, Roebers CM. Executive functions, visual-mo-
tor coordination, physical fitness and academic achievement: Lon-
gitudinal relations in typically developing children. Human Move-

Exercise Science and Medicine

ment Science. 2018; 58:69-79. [DOI:10.1016/j.humov.2018.01.003]
[PMID]

[29] Hillman CH, McAuley E, Erickson Kl, Liu-Ambrose T, Kramer AF.
On mindful and mindless physical activity and executive function:
A response to Diamond and Ling (2016). Developmental Cognitive
Neuroscience. 2019; 37:100529. [DOI:10.1016/j.dcn.2018.01.006]
[PMID] [PMCID]

[30] Luz C, Rodrigues LP, Cordovil R. The relationship between motor
coordination and executive functions in 4th grade children. Euro-
pean Journal of Developmental Psychology. 2015; 12(2):129-41. [D
01:10.1080/17405629.2014.966073]

[31] Novick JM, Bunting MF, Dougherty MR, Engle RW. Cognitive and
working memory training: Perspectives from psychology, neurosci-
ence, and human development. Oxford Scholarship Online. 2020.

[DOI:10.1093/0s0/9780199974467.001.0001]

[32] Covey TJ, Shucard JL, Shucard DW. Working memory training
and perceptual discrimination training impact overlapping and
distinct neurocognitive processes: Evidence from event-related po-
tentials and transfer of training gains. Cognition. 2019; 182:50-72.
[DOI:10.1016/j.cognition.2018.08.012] [PMID]

[33] Riccio CA, Reynolds CR, Lowe PA. Clinical applications of con-
tinuous performance tests: Measuring attention and impulsive
responding in children and adults. Hoboken: Wiley; 2001. https://
books.google.com/books?id=hq5rAAAAMAAI&q

[34] Ledn-Dominguez U, Martin-Rodriguez JF, Ledn-Carrion J. Ex-
ecutive n-back tasks for the neuropsychological assessment of
working memory. Behavioural Brain Research. 2015; 292:167-73.
[DOI:10.1016/j.bbr.2015.06.002] [PMID]

[35] Gorfein DS, MacLeod CM, MacLeod CM. Inhibition in cognition.
Washington DC: American Psychological Association; 2007. https://
books.google.com/books?id=M19gAAAAMAAI&q

[36] McMorris T, Sproule J, Turner A, Hale BJ. Acute, intermediate
intensity exercise, and speed and accuracy in working memory
tasks: A meta-analytical comparison of effects. Physiology & Behav-
jor. 2011; 102(3-4):421-8. [DOI:10.1016/j.physbeh.2010.12.007]
[PMID]

[37] Ward N, Paul E, Watson P, Cooke GE, Hillman CH, Cohen NJ, et al.
Enhanced learning through multimodal training: Evidence from a
comprehensive cognitive, physical fitness, and neuroscience inter-
vention. Scientific Reports. 2017; 7(1):5808. [DOI:10.1038/s41598-
017-06237-5] [PMID] [PMCID]

[38] Crova C, Struzzolino I, Marchetti R, Masci |, Vannozzi G, Forte R,
et al. Cognitively challenging physical activity benefits executive
function in overweight children. Journal of Sports Sciences. 2014;
32(3):201-11. [DOI:10.1080/02640414.2013.828849] [PMID]

[39] Northey JM, Cherbuin N, Pumpa KL, Smee DJ, Rattray B. Exercise
interventions for cognitive function in adults older than 50: A sys-
tematic review with meta-analysis. British Journal of Sports Medi-
cine. 2018; 52(3):154-60. [DOI:10.1136/bjsports-2016-096587]
[PMID]

[40] Drollette ES, Pontifex MB, Raine LB, Scudder MR, Moore RD,
Kao SC, et al. Effects of the FITKids physical activity randomized
controlled trial on conflict monitoring in youth. Psychophysiology.
2018; 55(3):e13017. [DOI:10.1111/psyp.13017] [PMID] [PMCID]

[41] Moreau D, Morrison AB, Conway AR. An ecological approach to
cognitive enhancement: Complex motor training. Acta Psycholog-
ica. 2015; 157:44-55. [DOI:10.1016/j.actpsy.2015.02.007] [PMID]

Mardasangi Dulabi S, et al. Executive functions, Physical exercise, Cognitive training. JESM. 2020; 12(1):47-56.



https://www.ncbi.nlm.nih.gov/pubmed/30242920
https://doi.org/10.1136/bjsm.2010.078287
https://www.ncbi.nlm.nih.gov/pubmed/21148569
https://doi.org/10.1016/j.ptsp.2018.05.015
https://www.ncbi.nlm.nih.gov/pubmed/29859898
https://doi.org/10.1016/j.jelekin.2017.04.004
https://www.ncbi.nlm.nih.gov/pubmed/28437781
https://doi.org/10.1186/1471-2474-11-265
https://www.ncbi.nlm.nih.gov/pubmed/21080945
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2998461
https://books.google.com/books?id=8wBHAAAAMAAJ&dq=Statistical%20power%20analysis%20for%20the%20behavioral%20sciences&source=gbs_book_other_versions
https://doi.org/10.1177/0363546517749474
https://www.ncbi.nlm.nih.gov/pubmed/29360406
https://doi.org/10.1177/2325967117726267
https://www.ncbi.nlm.nih.gov/pubmed/28959697
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5593213
https://doi.org/10.1007/s00167-018-5158-1
https://doi.org/10.1007/s00167-018-5158-1
https://www.ncbi.nlm.nih.gov/pubmed/30259145
https://www.researchgate.net/publication/317984321_Effects_of_hip_muscle_strengthening_program_on_functional_responses_of_athletes_submitted_to_reconstruction_of_the_anterior_cruciate_ligament
https://doi.org/10.1007/s40279-019-01171-0
https://doi.org/10.1007/s40279-019-01171-0
https://www.ncbi.nlm.nih.gov/pubmed/31493206
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6851221
https://doi.org/10.1016/j.ptsp.2019.07.004
https://www.ncbi.nlm.nih.gov/pubmed/31351340
https://doi.org/10.1016/j.humov.2020.102719
https://www.ncbi.nlm.nih.gov/pubmed/33232855
https://doi.org/10.1177/0363546509332253
https://www.ncbi.nlm.nih.gov/pubmed/19299530
https://doi.org/10.2519/jospt.2013.4693
https://doi.org/10.2519/jospt.2013.4693
https://www.ncbi.nlm.nih.gov/pubmed/24175599
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4163697
https://doi.org/10.1177/0363546517700128
https://doi.org/10.1177/0363546517700128
https://www.ncbi.nlm.nih.gov/pubmed/28441059
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5513747
https://doi.org/10.1123/jsr.18.1.76
https://doi.org/10.1123/jsr.18.1.76
https://www.ncbi.nlm.nih.gov/pubmed/19321908
https://doi.org/10.1016/j.clinbiomech.2012.08.008
https://www.ncbi.nlm.nih.gov/pubmed/22948078
https://www.ncbi.nlm.nih.gov/pubmed/22948078
https://doi.org/10.1519/JSC.0000000000003092
https://www.ncbi.nlm.nih.gov/pubmed/31453943
https://doi.org/10.1177/0363546507301585
https://www.ncbi.nlm.nih.gov/pubmed/17468378
https://doi.org/10.1249/01.MSS.0000128145.75199.C3
https://www.ncbi.nlm.nih.gov/pubmed/15179160
https://doi.org/10.2519/jospt.2005.35.5.292
https://www.ncbi.nlm.nih.gov/pubmed/15966540
https://doi.org/10.1016/j.ptsp.2020.11.035
https://www.ncbi.nlm.nih.gov/pubmed/33302113
https://doi.org/10.2519/jospt.2003.33.11.671

Exercise Science and Medicine

[42] Barbey AK, Koenigs M, Grafman J. Dorsolateral prefrontal contri-
butions to human working memory. Cortex. 2013; 49(5):1195-205.
[DOI:10.1016/j.cortex.2012.05.022] [PMID] [PMCID]

[43] Davidson MC, Amso D, Anderson LC, Diamond A. Development
of cognitive control and executive functions from 4 to 13 years: Evi-
dence from manipulations of memory, inhibition, and task switch-
ing. Neuropsychologia. 2006; 44(11):2037-78. [DOI:10.1016/j.neu-
ropsychologia.2006.02.006] [PMID] [PMCID]

[44] Kao S-C, Drollette ES, Ritondale JP, Khan N, Hillman CH. The acute
effects of high-intensity interval training and moderate-intensity
continuous exercise on declarative memory and inhibitory control.
Psychology of Sport and Exercise. 2018; 38:90-9. [DOI:10.1016/j.
psychsport.2018.05.011]

Mardasangi Dulabi S, et al. Executive functions, Physical exercise, Cognitive training. JESM. 2020; 12(1):47-56.



https://www.ncbi.nlm.nih.gov/pubmed/14669962
https://doi.org/10.4085/1062-6050-45.5.513
https://www.ncbi.nlm.nih.gov/pubmed/20831400
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2938326
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2938326

This Page Intentionally Left Blank



