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While the positive effect of exercise on health is widely accepted, little is known about the cognitive and emotional changes
that occur immediately after short-term exercise among adolescents. Many research conducted on the topic is unclear about
the methodologies used. This study aims to examine the effect of four levels of short-term exercise intensity on Stroop test
performance, evaluating the precision and speed of resolving cognitive conflicts together with mood states of adolescents. A
within-subjects design with eight high school students (6 males, 2 females) consisted of four 3-minute running sessions at
different intensity levels, determined by percentage of maximum heart rate (HRmax) = 220 - age. The Stroop performance
indices (PI) were assessed at 0, 5, 10, and 15 minutes after exercise. The mood of the subjects was assessed by the Profile of
Mood States (POMS) Total Mood Disturbance (TMD) at 1, 6, 11, and 16 minutes after exercise. The results suggest that mood
was decreasing steadily, cognitive function improved for all measures during the 15-minute exercise period. The mean Stroop
PI rose from 51.378 to 54.109 within 15 minutes. Mean POMS TMD decreased from 43.156 to 30.156 over 16 minutes, the
average number of completed items increased from 32.5 to 37.278. While we found no significant linear or quadratic inverted-U
associations between exercise intensity and Stroop performance (F = 0.30, p = 0.876; quadratic p = 0.515). POMS mood
scores exhibited a significant quadratic intensity relationship (F = 3.35, p = 0.020; quadratic t =−2.571, p = 0.0145).

Keywords: Adolescent cognition, Stroop test, exercise intensity, heart rate, inverted-U theory, POMS, Maximum heart
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Introduction

Firstly, the findings of Peruyero et al. (2017)1 reveal that ex-
ercise intensity has a role in inhibitory control, signifying that
the benefits of exercise on the cognitive domain might be de-
pendent on exercise. Secondly, Ludyga et al. (2017)2 revealed
the positive impact of aerobic exercise on executive functions,
but the effect size differed in different studies. Thirdly, re-
cently, a study carried out in Frontiers in Psychology (2025)3

found that acute exercise resulted in better attention, memory,
and executive functions in adolescents. This finding supports
the present study’s hypothesis about the influence of exercise
on improving cognitive performance in students. Thus, it is
reasonable to investigate the effects of different exercise in-
tensities on cognitive performance. Another research carried
out by Tsukamoto et al. (2024)4 revealed that exercising be-
fore performing a stressful Stroop task improved adolescents’
performance and the dorsolateral prefrontal cortex activation.
This provides support to the results obtained in the current re-
search about the positive influence of exercise on cognitive
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performance. Complementing this, Naito et al. (2024)5 found
a significant increase in oxygenated hemoglobin in multiple
prefrontal regions during all forms of exercise compared to
rest, suggesting that even light-intensity exercise is sufficient
to elevate prefrontal blood flow. Furthermore, Nieuwenhuis
(2024)6,7 offered neurobiological support for the inverted-U
framework, demonstrating that peak cognitive performance
in decision-making tasks is reached at moderate arousal lev-
els, with a computational model explaining the inverted-U-
shaped relationship between arousal and performance. How-
ever, there are also inconsistencies in the findings of previous
works. For instance, Alexandrino et al. (2026)8 did not reveal
any significant increase in the level of executive function and
inhibitory control after six weeks of HIIT exercise training. At
the same time, Wang (2026)9 revealed that the high-intensity
interval exercise resulted in more significant improvements in
inhibitory control in adolescents with obesity than moderate-
intensity exercise. Finally, Shen et al. (2024)10 found that
the prefrontal cortex oxygenation was directly related to ex-
ecutive functions. Regarding mood, Wang et al. (2024)11

meta-analyzed RCTs and found that physical exercise allevi-
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ates negative emotions and reduces the risk of mental illness in
adolescents, providing broader support for the POMS findings
in the present study. Together, these studies provide evidence
that acute exercise can enhance cognition while also highlight-
ing uncertainties regarding the consistency of these effects in
adolescents. Combined, these studies demonstrate how acute
exercise may be capable of increasing cognitive functioning,
but they also create uncertainty on the reliability of such an
effect.

The current study aims to advance this body of research
through its exploration of the connection between exercise and
cognitive performance in adolescents using an exercise proto-
col that can be easily replicated. Therefore, the current study
is an extension of this research because it measures cognitive
performance in an adolescent sample utilizing a standardized
exercise protocol.

Furthermore, understanding the immediate effects of exer-
cise of varying intensities on adolescent emotions (such as
energy, tension, and fatigue) could provide precise solutions
for using exercise interventions to alleviate immediate stress
(such as test anxiety) and improve mood if further studies were
done in the future.

One such possible application of this is that acute exercise
interventions may be utilized for contexts requiring height-
ened attention and cognitive control2; an individual could
carry out high-intensity physical activity in order to improve
the degree of cognitive capability and increase alertness. In
addition, this paper aims to lay the groundwork for further re-
search in this area by providing preliminary exploratory data.

Therefore, the objective of this investigation is to discover
the optimal physical exertion intensity12 and optimal length
of time after exercise13 that allows the maximum cognitive
alertness and awareness since they were unknown.

The hypothesis of our investigation is that cognitive per-
formance on the Stroop test and mood disturbance on POMS
test will follow an inverted-U relationship with exercise inten-
sity; performance will improve from very light to moderate
intensity but will significantly decline during vigorous inten-
sity.14,15

This phenomenon can be attributed to the brain experienc-
ing optimal oxygenation and stimulation, sharpening addi-
tional focus and boosting executive function. However, at high
levels of intensity, the brain is flooded with stress hormones
and metabolic fatigue, causing cognitive decline.

This prediction was derived from prior sport psychology lit-
erature documenting the individual zones of optimal arousal,
without presupposing biological mechanisms. No directional
causal claims were made and the hypothesis only anticipated
consistent correlational trends across graded exertion levels
within the sample.

The study was based on the exercise physiology principles;
they explain the physiological mechanisms of the effects of

different intensities of exercise on the bodies of adolescents.
We also use our data to correspond to different intensities and
find the different benefits of each intensity.16

To investigate these effects, the study made use of a within-
subjects design in carrying out an investigation of the impact
of various levels of exercise intensity in short-term exercises
on cognitive ability and emotional status in adolescents.

Specifically, the various levels of exercise intensity used in
the study included very light, light, moderate, and vigorous
exercise intensity in terms of percentages of maximum heart
rate (HRmax).16,17 All exercises were carried out for a stan-
dard period of three minutes.

Following each exercise session, the test for cognitive abil-
ity in terms of mental control and function was carried out
using the Stroop test, while a test for emotional status was
carried out using the Mood test for Total Mood Disturbance.

Finally, the measurements for improvement or deterioration
in cognitive ability were taken at different intervals.

Methods

The research is a randomized within-subjects experimental de-
sign. The goal of this research is to Figure out the effect of a
different time gap between the point to finish short-term exer-
cises and the time to test the POMS18 and Stroop test19 on the
results obtained from it. Participants are each getting tested
four times for each test after the short-term exercise, which is
three minutes2. The overall four categories, depending on the
percentage of maximum heart rate calculated by the formula
220 - age,20 are very light (<57% max heart rate (maxHR)),
light (57-63% maxHR), moderate (64-76% maxHR), and vig-
orous (77-95% maxHR).21 They are each tested for all par-
ticipants once a week, and the results from the two tests are
recorded immediately.

There are eight participants randomly selected, which is a
relatively small scale and is one of the serious limitations of
this study. The eight people are randomly chosen from a high
school, with each of them aged between sixteen and eighteen,
six males and two females, and everyone is an experienced
sports amateur trained at least once a week for one year. And
the sports they engage in are badminton, football, and Chinese
traditional dances.

The Stroop test is used to measure cognitive control, atten-
tion, and processing speed.19 The individual was shown a se-
lection of 5 colors with a separate word that appeared in the
color that was to be picked, but was randomly chosen from the
5 colors. The test was conducted under a timer of 1 minute,
and once the test was done, the performance index (PI) and
other statistics were shown.

The POMS test consists of 65 items. The POMS was
designed to evaluate individuals within seven different mood
domains: fatigue-inertia, anger-hostility, vigor-activity,
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confusion-bewilderment, depression-dejection, tension-
anxiety, and friendliness. The individual would rate the items
on a scale of 0 to 4. The scores are added together minus
vigor to obtain the Total Mood Disturbance (TMD) score.18

Just before each time, each participant finishes a three-
minute run, they will start to do the two tests using two re-
spective websites18,19 and their results will be recorded by
fitting them into two separate Excel graphs, named ”Stroop
test” and ”POMS,” which are the names of each test. Every
graph indicates the intensity, the participant’s name, the time
recorded after the test, and the raw data for each category. The
recording process is done by a research assistant to ensure data
integrity efficiently.

All participants had had at least eight hours of sleep persis-
tently seven days before each time they got tested, from ten
thirty p.m. to six thirty a.m. And the eight randomly chosen
adolescents, from age sixteen to eighteen, are tested at four
fifty p.m., having lunch at eleven thirty a.m. beforehand and
prohibited from ingesting any snacks between lunch and the
test to ensure the blood glucose level of each one is similar
and kept as a controlled variable. Also, participants are not al-
lowed to intake any caffeine starting from the time they sleep
the previous day from the first test day until all the tests are
completed. Besides, every participant is under normal blood
pressure, which is under 120 mm Hg systolic and 80 mm Hg
diastolic, tested just before the three-minute run begins.22 Ev-
ery female participant self-reports not being affected by their
menstrual cycle status prior to testing. This is to ensure the
results of the cognitive conflict test (Stroop test) and POMS
will not be affected by possible variants5

Before any tests begin, every participant has done Stroop
and POMS tests ten times each, once per day until the day of
the first test. This is to enable all participants to get familiar
with the tests and prevent the confounding effect of results due
to the repeated-test learning effect of them or exercises.

After all tests were done, including all four intensities, ev-
ery participant carries out the Stroop test, then POMS one
week after their last test, at eleven o’clock without any ex-
ercises being done within one hour of the time of testing.

The procedure of the study begins with a warm-up ses-
sion costing ten to fifteen minutes of light or moderate inten-
sity based on percentage of heart rate, according to the previ-
ous part in “research design”.21,23 Then, a three-minute con-
stantly paced run around a 400-meter track would be carried
out. Matching the intensity each time participants are getting
tested, which are very light, light, moderate, and vigorous.
After that, the Stroop test is tested immediately, five minutes
after, ten minutes after, and fifteen minutes after the short-term
exercise, while the participants test for POMS one minute af-
ter, six minutes after, eleven minutes after, and sixteen min-
utes after the three-minute run. The one-minute difference be-
tween the time to test POMS and the Stroop test is to enable

participants to finish the Stroop test within at most a minute
and keep the other follow-up tests consistent with the set time
points. In addition, the participants should be tested while
standing up, slowly walking during the gaps of each time point
of getting tested until ten minutes after the running session is
finished.23 This is designed to ensure enough flow of venous
blood through the skeletal muscle pump from the legs,18 grad-
ual recovery of heart rate into resting heart rate, and prevention
of possible faintness,24 minimizing risks.

During the three-minute run, the Borg scale is used to mea-
sure the rate of perceived exertion (RPE). For 6 being no ex-
ertion and 20 being maximum exertion, once 17 and 18 are
reached, participants are asked whether to continue or not and
forced to stop if it rises up to 19 or 20. This design is to ensure
that all participants are running under safe conditions, mini-
mizing risks. Also, this helps to maintain a more positive or
confidential mindset for the upcoming tests.25

Every participant is running with the accompaniment of
a volunteer helper, and the helper asks the participant every
20 seconds for their RPE, which is 9 times throughout the
3-minute-running process. Also, the helper asks the partici-
pant to check the smartwatch that monitors the heart rate ev-
ery 10 seconds, 18 times in three minutes, ensuring that it is
within the prescribed range. For each participant, their heart
rate should be within the prescribed range every time being
asked to check throughout the three-minute period. Running
is chosen to be the sport used for short-term exercise because
it maintains the body’s heart rate consistently and it is known
as continuous exercise, unlike other competitive sports, which
involve great fluctuation of heart rate.

This study has followed the Declaration of Helsinki, and our
advisor has guided us throughout. All participants were asked
before the tests and agreed to expose their data to the public
once tested, agreed to enable us to analyze the data, and had
provided their own assent orally, while they all have the right
to withdraw their own data. Meanwhile, the participants are
anonymized, names were replaced by numbers. Besides, one
parent of every participant has agreed to allow their child to
participate in this experiment. All participants had no history
of any heart diseases and hadn’t had a cold within a week be-
fore each test, and no participants had asthma within a year of
the time of testing. In addition, our participants are exposed to
an area where first aid is available within at most 220 meters,
at least 113 meters away. Two male volunteers were able to
carry one adult male to the first aid area within 90 seconds.

Results

To evaluate the results of this experiment, we conducted a one
way repeated measures ANOVA with orthogonal polynomial
contrasts to determine if exercise intensities (Low, Medium,
High, Highest) significantly affected Stroop test performance.
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Statistical significance was set at p < 0.05. The test was done
on both the PI scores from the stroop and the POMS scores
from the POMS test. A Post-hoc test was conducted when the
ANOVA test was significant.

Table 1 The table displays t-statistic, p-value, and statistical signifi-
cance for linear and quadratic trend contrasts derived from one-way
repeated-measures ANOVA.

Stroop

Effect t p Significance

Linear trend 0.701 0.488 Not significant
Quadratic trend 0.658 0.515 Not significant

POMS

Effect t-value p-value Significance

Linear (L) -1.033 0.3089 Not significant
Quadratic (Q) -2.571 0.0145 Significant

Figure. 1 Individual Stroop PI scores immediately post four exercise
intensities (n=8) across different intensities.

For Figure 2: Only P2, P3 and P6 show a mild inverted-U
with PI peaking at Medium intensity, other participants dis-
play flat, steadily rising or sharply dipping performance curves
across intensities.

For Figure 3: For Multiple participants show mild inverted-
U-shaped peaking at Medium or High intensity before falling
at the highest intensity, yet peak positions and score magni-
tudes differ widely across individuals. P3 and P6 show promi-
nent inverted-U curves peaking at High intensity, P1 peaks
sharply at Medium intensity before falling, P2, P7, P8 display
very shallow mid-intensity peaks with minor score shifts, P5

Figure. 2 Individual Stroop PI scores at 5-minute post-exercise re-
covery (n=8) across different intensities.

Figure. 3 Individual Stroop PI scores at 10-minute post-exercise re-
covery (n=8) across different intensities.

Figure. 4 Individual Stroop PI scores at 15-minute post-exercise re-
covery (n=8) across different intensities.

rises slowly to high intensity with almost no subsequent drop,
P4 forms a low-amplitude inverted-U with the lowest overall
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PI values.
For Figure 4: Every participant forms a shallow inverted-U

curve peaking at High intensity, with reduced score separation
between subjects relative to earlier recovery timepoints. P6
and P3 maintain the highest PI values, while P2 records the
lowest overall scores.

For Figure 5: P3 maintains a prominent inverted-U curve
peaking at High intensity and holds the highest PI range. P1,
P5, P6, P7 and P8 form shallow inverted-U with shared high-
intensity peaks. While P4 shows a linear trend and irregular
for P2.

A One-way Repeated Measure ANOVA using orthogonal
polynomial contrasts was used to test the effect of exercise
intensity on cognitive performance at five levels of intensity
(Control, Light, Low, Medium, High). There was no sig-
nificant effect of exercise intensity on cognitive performance
since F(4,35) = 0.30, p = 0.876. It means that there were
no significant effects on cognitive performance due to dif-
ferent intensities of exercise. Moreover, the application of
polynomial contrasts revealed that neither a linear relationship
(b = 3.18, p = 0.488) nor a quadratic relationship (b = 2.99,
p = 0.515) existed.

Figure. 5 TMD scores across four graded exercise intensities when
measured immediately after the exercise.

P1 exhibits the largest swing in mood disturbance magni-
tude, while P2 shows the flattest curve with minimal overall
score change. P6’s mood minimum occurs at Medium in-
tensity, whereas all remaining participants reach their lowest
TMD at High intensity.

The study of the effects of the intensity of physical activ-
ity on the mood states (POMS score) in five different con-
ditions (Control, Light, Low, Medium, and High) was per-
formed using one-way repeated measures ANOVA with or-
thogonal polynomial contrasts. One-way ANOVA analysis
showed the significant influence of the intensity of physical
activity on POMS score, F(4,35) = 3.35, p = 0.020; how-
ever, the effect size was determined mainly by variation be-

Figure. 6 TMD scores across four graded exercise intensity when
measured 5 minutes after the exercise.

Figure. 7 TMD scores across four graded exercise intensity when
measured 10 minutes after the exercise.

Figure. 8 TMD scores across four graded exercise intensity when
measured 15 minutes after the exercise.

tween conditions, rather than linear relationship. Linear trend
analysis did not detect linear (b = −8.48, p = 0.309) and
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quadratic (b = −21.11, p = 0.015) relationships. It appears
that the relationship between the intensity of physical activity
and POMS score is much more complicated than could have
been assumed. Generally speaking, one can conclude that the
intensity of physical activity significantly influences the mood
states, but not in a linear manner.

Though the tests were performed right after a high-intensity
activity, cognitive performance/clarity peak occurred in 10-to-
15 minutes recovery period.23

Discussion

The results do not support the hypothesis statistically that cog-
nitive performance follows an inverted-U relationship with ex-
ercise intensity. But Cognitive performance did improve dur-
ing the post-exercise recovery period, particularly between 5
and 15 minutes after exercise, while concurrent downward
shifts in POMS mood disturbance scores were recorded fol-
lowing all graded brief running sessions. These findings sug-
gest that short bouts of exercise are associated with both cog-
nitive function and emotional state in adolescents.

Moreover, the result suggests a ”window of enhancement”
where the performance rebounded and often exceeded the
baseline levels during the 5 to 15 minutes of the post-exercise
interval, suggesting that the cognitive benefits of exercise are
most accessible and evident to observe when the heart rate be-
gins to stabilize.

Likewise, mood scales (POMS) indicated that moderate ex-
ercise is associated with the highest levels of vigor and alert-
ness, whereas vigorous exercise temporarily increased subjec-
tive feelings of fatigue or tension.

The main significance of this study is to confirm that even
just 3 minutes of exercise can significantly affect cognition
and emotion in the sample of adolescents, while most exist-
ing literature has focused on exercise with considerable dura-
tion (20-60 minutes) to aim for health benefits. However, the
performance indicator improved immediately after such brief
training, suggesting that even the ”micro-interventions” in ex-
ercise can be highly effective for a cognitive boost.

Moreover, this research has practical application in the area
of education. Considering the fact that teenagers have to spend
much time while studying in a sedentary position in class,
one possible way of improving attention and brain activity is
through the use of physical exercises. The impact seen in the
enhancement window shows that brief physical exercises be-
fore difficult academic activities help enhance learning.

Theoretically, this study advances knowledge regarding the
inverted U-shaped relation between arousal level and physical
performance in the adolescent peer group (16-18 years old).
According to our results, the optimal level of arousal is not
static but variable and highly dependent on the sport experi-
ence and initial physical condition of each participant. Elite

participants showed stable or increasing Stroop PI values over
the entire 15-minute period after vigorous intensity, along with
a significant increase in the overall number of completed test
items. In turn, less experienced adolescents demonstrated a
drastic decrease in the minimum Stroop PI value from 27.5 at
the initial measurement point to 17.0 at the 5-minute point, as
well as the persistence of relatively high POMS TMD values
associated with increased fatigue and tension.

The descending part of the inverted U-shaped curve can
be effectively compensated for in the high-intensity workout.
This study serves as academic proof of the necessity to cus-
tomize an exercise program, as the identical 3-minute running
protocol within the same HRmax interval led to different re-
sults of Stroop tests and changes in mood. The vigorous in-
tensity helped the regular exercisers perform better in the cog-
nitive task and decreased their TMD values, whereas caused
some cognitive drop and TMD increase among less experi-
enced peers. Thus, if schools implement common exercise in-
tensity standards for all their students, the low-fitness adoles-
cents would not get any cognitive benefit or even have tempo-
rary cognitive fatigue, whereas the athletes could still achieve
optimal arousal levels.

Theoretically, this study deepens the understanding of the
inverted U-shaped relationship between arousal level and
sports performance among the adolescent group (aged 16-18).
Our findings indicate that the optimal arousal is not fixed but
dynamic and is strikingly influenced by individual sport ex-
perience and baseline physical fitness. At vigorous intensity,
elite participants maintained stable or rising Stroop PI across
the 15-minute recovery window, with steady growth in the to-
tal number of completed test items. In contrast, less sport-
experienced adolescents exhibited a sharp decline in the min-
imum Stroop PI value from 27.5 immediately post-exercise to
17.0 at the 5-minute time point, paired with persistently higher
POMS TMD scores that reflected greater fatigue and tension.

The downward-sloping segment of the inverted U-shaped
curve can be effectively offset during high-intensity training.
This provides academic evidence that exercise intervention
should be individualized, identical 3-minute running protocols
matched to fixed HRmax bands produced inconsistent Stroop
and mood outcomes across the sample. Vigorous intensity
boosted cognitive performance and lowered mood disturbance
for regularly trained adolescents, yet triggered temporary cog-
nitive drops and higher TMD scores among less active partici-
pants. If schools adopt unified exercise intensity standards for
all students, low-fitness adolescents may fail to or to gain less
cognitive benefits or even experience transient cognitive fa-
tigue, while athletic students could still reach optimal arousal
for executive function.

One of the core hypotheses of this study was supported by
the results. In particular, the predicted post-exercise cognitive
enhancement window and the positive emotional benefits of
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short-term exercise. However, the points regarding immediate
cognitive impairment induced by vigorous exercise were not
supported enough by the results, as well as the inverted U trend
for the Stroop PI, it turned out to be linear instead of following
the anticipated tendency.

Cognitive performance peaked at 10-15 mins post-exercise
with a 5-15 min enhancement window.

This part of the hypothesis was consistently supported
across all Stroop test measures, a correlated time-dependent
in cognitive performance improvement was observed in 5-15
minutes post-recovery window.

Our study only focuses on the performance of adolescents
aged 16-18 after exercise of varying intensities, including re-
action time and mood changes. Also, the sample size is too
little, this creates serious limitation. Our study did not include
information on the long-term effects of exercise of different
intensities, and we did not include any people with disabilities
or with some cognitive impairments either. Furthermore, our
data collection was insufficient, particularly regarding com-
parisons between different genders and physical conditions.

The prediction mentioned in the previous section indicated
an inverted-U shape curve in the relation between the exercise
intensity and the Stroop PI, where Stroop PI will increase at
lower and moderate levels of exercise intensity, but decrease
when the level reaches the vigorous range. However, this hy-
pothesis is not supported by the results through statistical tests.

While the repeated-measure ANOVA did not find any sig-
nificant effect of the intensity on Stroop PI (F(4,35) = 0.30,
(p = 0.876)). The quadratic polynomial contrast, which tested
directly for the inverted-U effect, was not significant ((t =
0.658), (p = 0.515)), along with the linear trend ((t = 0.701),
(p = 0.488)). No non-linear association was found in all
groups.

From Figure 2, 3, 4 and 5, many participants’ data did not
present the predicted quadratic inverted-U curve, but flat, in-
creasing or irregular curves.

Causes of this mismatching:
Individual differences in the inverted-U arousal curve in the

Stroop test.
The relationship between inverted-U arousal and cognitive

performance is affected by the variation in the physical fitness
and arousal tolerance.

And for most participants, arousal induced by short-term
vigorous exercise did not exceed their individual optimal
arousal threshold, this could be the reason why cognitive per-
formance observed matches the hypothesis.

For instance, for less physically fit participants whose inten-
sity exceeded individual capacity, we observed an isolated de-
cline in cognitive function: the lowest PI score dropped from
27.5 immediately post-exercise to 17.0 at 5 mins, indicating
that a small group of participants experienced transient cogni-
tive impairment as predicted. Therefore, such individual dif-

ferences in the inverted-U curve can result in no expected sig-
nificant decrease in the group mean values.

Also, within every participant, the total range of Stroop PI
variation across low to highest intensity was numerically triv-
ial. These minor score fluctuations are indistinguishable from
routine measurement noise inherent to the 1-minute Stroop
task.

Unexpected findings:
Even though no hypothesis has been made about how the

participants’ variability will change during and after the exer-
cise, the data still shows that the IQR and range values are
going down for almost all indicators. During the recovery
time after 15 minutes, the IQR of TMD decreased by 22.4%,
the IQR of Stroop’s PI decreased by 79.1%, and the IQR of
the number of questions answered reduced by 47.6%. This
unexpected finding indicates that the benefits of short-term
vigorous exercise were stronger in participants with poorer
baseline cognitive ability or higher levels of emotional dis-
tress/obstruction.

Although our research only reflects the short-term effects
of quick training sessions. There may also be long-term con-
sequences that are not yet researched. Our research can be
applied to adolescent education programs, using exercise of
varying intensities to regulate adolescent performance during
school. Future research could delve deeper into the long-term
effects of exercise on adolescents.

Firstly, the experimental data is insufficient, especially with
only two female participants and six male participants. A
small sample size creates inevitable restrictions in this prelim-
inary study. That is because few people are allowed to be ran-
domly selected for the experiment, and the other teachers do
not allow their students to take part in our experiment during
the time we are testing. Thus, we were not able to get abun-
dant experimental data. This makes it impossible to obtain a
relatively accurate dataset. Our experiment also doesn’t have
any data about special populations like disabled persons, and
we only focus on short- to medium-term effects; long-term
developmental impacts are not fully tracked.

Another limitation is that during the tests, although fe-
male participants self-reported themselves as not impacted by
their menstrual cycle, this can still be subjective.23 Objective
effects on cognitive and physical performance,5 subsequent
emotional changes due to decline in physical performance
may still occur as a result.

Moreover, a counterbalanced test order has not been used;
all participants had done the POMS after the Stroop test. This
may alter the results of POMS due to the results of the Stroop
test affecting the emotion of the participants.

Also, participants get to recover quickly from exercises; the
tension and fatigue values of the POMS test could decline.
This may occur during the case where participants are getting
tested with POMS one minute after exercise, since they are
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tested with the Stroop test immediately after exercise.
This also can help adolescents to maintain consistency; life-

long health habits are better than pursuing extreme intensity.
In future studies, researchers can use our data to develop a
systematic approach to help teenagers activate their brains in
a short period of time, such as using short activities to enhance
cognitive function before exams. Teachers can also encourage
children to maintain good study habits while improving their
learning. This can not only help children but also potentially
change teachers’ teaching methods, making them pay more
attention to children’s exercise habits and prompting teach-
ers to proactively consider how to make children participate
in sports more. Moreover, this experiment helps to provide
a chance for future scholars to develop therapies for patients
who suffer from dysfunction of cognitive conflict.
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