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Introduction: The present study aimed to compare the effects of 3 school-based physical exercises 
with different levels of cognitive engagement on executive functions. 

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. 

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. 

Conclusion: Therefore, in the integrated physical and cognitive exercise, the cognitive and 
physiological effects of this training style interact with each other; therefore, their beneficial effects 
can be gradually increased, while interventions that only focus on the physical dimension would be 
less effective in promoting cognitive functions.
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Introduction

ognitive functions play an essential role 
in improving the quality of life. These 
functions include distinct but inter-
related processes, i.e., responsible for 
controlling and organizing goal-directed 
behaviors [1]. The executive functions 

are critical cognitive functions and include self-control, 

selective attention, working memory, and cognitive flex-
ibility. Optimal levels of these functions significantly im-
pact individuals’ health, job success, academic achieve-
ment, and other important facets of life [2]. Executive 
functions continue to improve throughout adolescence 
[3]. Accordingly, adolescence is a crucial and significant 
period for studying executive functions [4]. Several stud-
ies investigated factors affecting executive functions. 
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, 

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 

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 (F2, 44=3.65, P=0.034, η2=0.14); 
however, the main effect of the test was not significant 
(F1, 44=0.57, P=0.45, η2=0.01). Moreover, no statistically 
significant difference was observed between the study 
groups concerning tests (F2,44=2.98, P=0.06, η2=0.12).

In commission error component, the main effect of 
test (F1, 44=3.55, P=0.06, η2=0.07), the main effect of 
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group (F2, 44=0.5, P=0.6, η2=0.02), and the interaction 
effect (F2, 44=0.64, P=0.533, η2=0.028) were also non-
significant. The results of reaction time revealed that 
the main effect of the test (F1, 44=1.5, P=0.22, η2=0.03) 
and the main effect of group (F2,44=1.3, P=0.27, η2=0.05) 
were not significant; however, there was a significant in-
teraction between groups and tests (F2, 44=3.29, P=0.04, 
η2=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 (F2, 44=1.4, P=0.25, 
η2=0.06), the main effect of test (F1, 44=0.69, P=0.41, 
η2=0.01), and the interaction effect (F2, 44=2.5, P=0.09, 
η2=0.1) were not significant.

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 (F2, 44=0.89, P=0.41, η2=0.04) and the main effect 
of the test (F1, 44=0.78, P=0.38, η2=0.017) were not signif-

icant. However, the trend of the change in groups dur-
ing the test stages was significantly different (F2, 44=4.16, 
P=0.02, η2=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 (F2, 44=0.23, P=0.79, η2=0.01) and inter-
action effect (F2, 44=2.7, P=0.07, η2=0.11) were not sig-
nificant; however, the results indicated that the main 
effect of the test was significant (F1, 44=16.19, P=0.0001, 
η2=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 (F2, 

44=0.97, P=0.39, η2=0.04), the main effect of the test (F1, 

44=0.008, P=0.92, η2=0.0001), and the interaction effect 
(F2, 44=1.47, P=0.23, η2=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 

Table 1. Mean±SD values of the CPT sub-tests

Tests Groups
Mean±SD

Omission Error Commission Error Reaction Time Reaction Time Variability

Pretest

IPC 13.83±12.31 64.85±43.43 414.75±78.5 114.54±25.82

Physical 19.65±16.38 64.56±43.79 397.91±68.9 125.75±39.62

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

Posttest

IPC 8.35±14.6 44.8±51.6 390.1±64.15 102.83±2.35

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

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

Tests Groups
Mean±SD

Correct Response Percentage Reaction Time Reaction Time Variability

Pretest

IPC 56.94±10.31 707.94±240.12 294.81±97.51

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

Posttest

IPC 67.81±12.33 694.75±217.74 230.5±71.99

Physical 57.43±19.0 670.06±185.08 266.87±87.73

Control 60.0±19.49 629.46±103.95 439.8±69.58
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group (F2, 44=2.9, P=0.06, η2=0.11), the main effect of test 
(F1, 44=0.41, P=0.35, η2=0.008), and the interaction effect 
(F2, 44=3.01, P=0.06, η2=0.12) were not significant. 

Similar results were observed in the interference time 
in the Stroop test, suggesting that the main effect of 
group (F2, 44=0.08, P=0.91, η2=0.06), the main effect of 
the test (F1, 44=0.016, P=0.9, η2=0.0001), and interaction 
effect (F2, 44=0.58, P=0.56, η2=0.02) were not significant. 

Discussion

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 Cognitive 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 

was observed in all groups. Therefore, the current re-
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-
cating that the qualitative dimension of physical training 
is as crucial as its quantitative dimension [25]. Accord-
ingly, the effects of cognitive training along with physical 
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 

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

Tests Groups
Mean±SD

Interference Score Interference Time

Pretest

IPC 0.06±1.28 26.38±37.57

Physical 1.06±1.29 24.81±35.94

Control 0.2±1.08 37.67±41.65

Posttest

IPC 0.56±0.96 29.87±34.34

Physical 0.43±1.15 30.93±32.44

Control 0.2±1.2 25.2±39.95
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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 

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.
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