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Abstract. Creativity is a high-level cognitive activity that can" be affected by acute acrobic exercise. This paper aims to determine
how acute aerobic exercise intensities may influence aspects of divergent and convergent creative thinking. In this regard, to give an
insight into the results, the predictions of the transient hypofrontality thesis and the strength model of self-control have been taken into
consideration. Ninety-three healthy male college students (age = 21.18 £1.73 years) were randomly assigned to anaerobic threshold
intensity (%85 HR,,., n = 31), low intensity (%60 HR,,,,, n = 31), and control (n = 31) groups. Participants performed divergent
(Alternate Uses Task) and convergent (Raven's Advanced Progressive Matrices Test) creative thinking tasks before, during, and after
cessation of two anaerobic thresholds and low intensities and control conditions. For the divergent creative thinking, flexibility and
fluency performances during and after cessation of exercise in anaerobic threshold and low-intensity groups were improved in com-
parison to the control group. These results were consistent with the transient hypofrontality thesis and inconsistent with the strength
model of self-control predictions. In contrast, the performance of convergent creative thinking was relatively stable during and after
cessation of exercise in anaerobic threshold and low-intensity groups which was inconsistent with both the transient hypofrontality
thesis and the strength model of self-control predictions. The findings suggest that theoretical predictions of transient hypofrontality
thesis are more adaptable with literature than the strength model of self-control to consider the exercise-creative processes relationship
and further study of the issue would be of interest.
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Resumen. La creatividad es una actividad cognitiva de alto nivel que puede ser afectada por el ejercicio aerobico agudo. Este estudio
tiene como objetivo determinar como las intensidades de ejercicio aerobico agudo pueden influir en los aspectos del pensamiento
creativo divergente y convergente. En este sentido, para dar una vision de los resultados, se han tenido en cuenta las predicciones de la
tesis de hipofrontalidad transitoria y el modelo de fuerza del autocontrol. Noventa y tres estudiantes universitarios sanos (edad = 21.18
11.73 afios) fueron asignados al azar a grupos de intensidad umbral anaerébica (%85 HRmax, n = 31), baja intensidad (%60 HRmax,
n = 31), y control (n = 31). Los participantes realizaron tareas de pensamiento creativo divergente (Tarea de Usos Alternativos) y
convergente (Pruebas Progresivas Avanzadas de Raven) antes, durante y después de la cesacion de dos intensidades umbral anaerobicas,
baja intensidad y condiciones de control. Para el pensamiento creativo divergente, el rendimiento en flexibilidad y fluidez durante y
después de la cesacion del ejercicio en los grupos de intensidad umbral anaerobica y baja intensidad mejor6 en comparacion con el
grupo de control. Estos resultados fueron consistentes con la tesis de hipofrontalidad transitoria e inconsistentes con las predicciones
del modelo de fuerza del autocontrol. En contraste, el rendimiento del pensamiento creativo convergente fue relativamente estable
durante y después de la cesacion del ejercicio en los grupos de intensidad umbral anaerébica y baja intensidad, lo que fue inconsistente
con las predicciones tanto de la tesis de hipofrontalidad transitoria como del modelo de fuerza del autocontrol. Los hallazgos sugieren
que las predicciones teoricas de la tesis de hipofrontalidad transitoria se adaptan mejor a la literatura que el modelo de fuerza del
autocontrol para considerar la relacion entre el ejercicio y los procesos creativos, y el estudio adicional del tema seria de interés.
Palabras clave: Cognicion, Convergente, Creatividad, Divergente, Autoagotamiento, Actividad Fisica)
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Introduction

Among the considerable attention that has been paid to
research the impact of an acute bout of exercise on cognitive
functions (Cantelon & Giles, 2021), the effects of aerobic
acute exercise on creative thinking remains under-investi-
gated. Creativity as the generation process of new and use-
ful original ideas or solutions has generally been divided into
divergent thinking (DT) and convergent thinking (CT)
modes (Cortes etal., 2019). DT is a process in which many
ideas or alternative answers are generated on a particular
topic or problem from available information (Guilford,
1967). Regarding the use of the majority of available re-
sources to find several solutions to a question, this process
needs a weaker top-down control. Indeed, the unconscious

thought caused by the diminished prefrontal activity might
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be related to a type of spontaneous creative output and in-
creased generation of novel ideas (Heilman et al., 2003).
CT, as a high-level cognitive activity, is the process of se-
lecting the most appropriate solutions and strategies from
known information through step-wise analytical search
(Frith et al., 2020; Kounios & Beeman, 2014) for a partic-
ular problem based on conscious effort. Because CT is
linked to knowledge, an idea would be produced through
the manipulation of experience (de Rooij & Vromans,
2020). Then, this process entails more top-down cognitive
control and increases the activity of the administrative areas
in the brain (Dietrich, 2003) for a rational solution to a
given problem. Given that the thinking processes use the
attentional capabilities of the prefrontal area differently,
changes in prefrontal activity may lead to different results
for these types of creative thinking. The intensity of acrobic
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exercise has an essential role in the cognitive function-acute
exercise relationship (Tomporowski, 2003). Since the brain
codes the activity intensity based on neural firing, it has
been shown to cause temporary changes in cognitive func-
tioning (Salmon, 2001). In low-intensity exercise the brain
does not require to shift the metabolic resources from the
related to the unrelated areas to the task (Globus et al.,
1983). Conversely, in maximal-intensity exercise, the lim-
ited blood flow and oxygen uptake make it impossible to
continue the activities further to allocate the brain's energy
resources, resulting in exhaustion and exercise cessation.
Nevertheless, at moderate to high intensity, the brain con-
trols and maintains the activity of the neural motor areas by
temporarily down-regulating the prefrontal cortex's meta-
bolic activity, and rapid changes occur in the activity of the
neuronal populations. Then, metabolic resource allocation
inside the brain will changc and lead to transient hypofron—
tality. This is an altered state of consciousness, in which
brain activity decreases in the prefrontal cortex, leading to
a decrease in some higher executive functions (Dietrich,
2003).

To the authors’ knowledge, the effect of acute aerobic
exercise on creative thinking has been scarcely investigated
from the theoretical point of view of Transient Hypofron-
tality Thesis (THT) and Strength Model of Self-Control
(SMSC) models. THT predicts that when the brain is under
pressure, it starts reducing the activity of the specific brain
regions from top to down. Therefore, the brain’s limited
metabolic resources are saved for current functions that are
more important. This reduction starts with the areas sup-
porting higher executive functions and moves to the funda-
mental cognitive areas (Kemppainen et al., 2005). Thus,
the prefrontal cortex, as the highest structure in the hierar-
chy, becomes the first region subject to down-regulation
(Dietrich, 2003). Information processing in the brain relies
on competitive interaction among neurons and limited en-
ergy resources (Miller & Cohen, 2001). Then, when put
under pressure by short acute aerobic exercise intensity
around the anaerobic threshold, the brain allocates the re-
sources from higher cognitive structures. A short delay af-
ter exercise cessation, the body's metabolism is gradually
returned, and the arousal levels are also increased
(Audiffren et al., 2008). Consequently, normalization of
the neural activation patterns and improvement of cognitive
processing will occur (Dietrich, 2003). Besides, studies
showed that prefrontal activity might be influenced by acute
exercise at moderate intensity through increasing prefrontal
cortex oxygenation and positively influencing activation
changes of the dorsal and lateral prefrontal cortex (Kujach
ctal., 2018) during and after exercise cessation (Pires ctal.,
2018). Since acute aerobic exercise may affect neural circuit
stimulation (Dietrich, 2004), it is expected that the cogni-
tive processes involved in creativity are also impacted by
short-term aerobic exercise with moderate to high intensi-
ties.

Creativity, and in particular DT, is related to lower pre-
frontal activity and the altered transient cerebral state
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indicates a potential role of transient hypofrontality in pro-
ducing creative thinking (Heilman et al., 2003). Hence, it
is not surprising to claim that acute exercise affects creative
thinking. On the one hand, the improvement of DT result-
ing from light to high intensities of acute aerobic exercise
confirms this claim (Aga et al., 2021; Blanchette et al.,
2005; Zhao et al., 2022). On the other hand, based on the
presumptive hypothesis that executive functions change
during physical exercise (Cantelon & Giles, 2021), several
authors have demonstrated that divergent and convergent
processes could differently be affected by the intensities of
acute aerobic exercise (Aga et al., 2021; Colzato et al.,
2013; Matsumoto etal., 2022; Oppezzo & Schwartz, 2014;
Zhao et al., 2022). Colzato et al. (2013) investigated
whether two creative thinking modes in athletes and non-
athlete individuals are influenced by moderate and severe
intensities of acute exercise and rest conditions. They found
that moderate and intense exercise resulted in a drop in DT
in both athletic and non-athletic participants and improved
the CT in athletes, and a reduction in non-athlete individu-
als. Also, the moments of test administration did not signif-
icantly affect the results. Although according to the THT,
the temporarily changes in the prefrontal cortex's metabolic
activity are attributed to the intensity of acute exercise,
Colzato et al. (2013) stated that resource allocation relies
not only on the intensity of acute exercise but also on the
type of creativity task and skill level of the participant. Pro-
longed and intense (70-80% heart rate maximum (HR,..))
exercises are prerequisites for a steady-state protocol and
provide a state of transient hypofrontality (Tomporowski,
2003). Lack of enough time to reach the mentioned state
was probably the reason that DT dropped during and after
exercise, as well as the little temporal overlap between ex-
ercise and creative thinking tasks. Then, an individual’s cre-
ative thinking, regardless of the level of fitness, would prob-
ably benefit from oxygenation of acute exercise with mod-
erate intensity (Colzato et al., 2013). Oppezzo and
Schwartz (2014) measured changes in divergent and con-
vergent processes during 4-minute self-selected walking
conditions on a treadmill or outdoors as very-light to light
intensity through alternate uses test (AUT) and compound
remote-association test (CRA) tasks, respectively. Results
demonstrated that the originality subscale of divergent
thinking increased, while convergent thinking was impaired
compared to sitting.

In the last few years, much more information on the
acute exercise—creative thinking relationship has become
available to researchers. Investigating the effect of an acute
bout of aerobic exercise on divergent and convergent think-
ing with the regulating role of mood, Aga etal (2021) asked
subjects to conduct AUT and insight problem-solving
(matchstick arithmetic problems) tasks measuring diver-
gent and convergent thinking, before and after a 15-minute
exercise (light to vigorous intensities) or control interven-
tions. They found that exercise enhanced divergent think-
ing, especially in the flexibility and fluency subscales, inde-
pendent of subjects’ mood after exercise. In contrast, the
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effect on convergent thinking depended on subjects” mood
after exercise. Subjects reporting high vigor tended to solve
more insight problems and vice versa. In Matsumoto et al.
(2022) it was also shown that creative thinking modes are
differently influenced by physical activity. In their experi-
mental intervention, subjects were asked to walk down-
stairs from the fourth to the first floor and back at their
usual pace in the light intensity equal to 55% maximum
heart rate. Then, changes in divergent and convergent
thinking were evaluated through AUT and matchstick arith-
metic problem tasks, respectively. They found that, com-
pared to using the elevator, stair-climbing enhanced just
subjects’ originality subscale of divergent thinking but did
not affect convergent thinking. In a recent paper to investi-
gating the effects of short-term acrobic exercise on creativ-
ity, Zhao et al. (2022) asked undergraduate students to
complete Chinese compound remote associate problems
and alternates using tasks as convergent and divergent cre-
ativity tests, before, after 25 minutes of short-term aerobic
exercise, as well as, 30 minutes after finishing. The exercise
included a series of aerobic movements with high fre-
quency, more jumps, and 70-79% maximal heart rate in-
tensity in a short period. They found that short-term aero-
bic exercise immediate]y improved convergent creativity
and divergent creativity but not after a 30-minute delay.
The evidence from the literature intimates that rapid
changes in neural population activity can lead to change cre-
ative thinking modes like other execution functions.
Besides THT, it would be of interest to consider short-
term changes in creative thinking processes resulting from
acute aerobic exercises using other explanations of the rapid
changes in the activity of the execution functions. The
SMSC (Baumeister et al., 1998) has been presented as an
alternative and plausible mechanism for the explanation of
the causal relationship between exercise and cognitive pro-
cesses (Audiffren & Andre, 2015). Based on this model,
tasks such as persistence, emotion regulation, etc., that re-
quire self-control are supported by limited physiological
and psychological resources, the so-called single global
strength. According to this model, while implementing two
simultaneous tasks, the mentioned resources do not shift
rapidly, but they are gradually depleted to run the second
task. Self-control can be described as the capacity of indi-
viduals to exert control and alter their behavioral tenden-
cies to gain a specific goal through self-regulatory processes
(Snichotta et al., 2005). Because these processes are con-
scious, intentional, and goal-directed they must be fed by
self-control resources (Baumeister & Vohs, 2007). When
persons are carrying out two or more self-regulation tasks
simultaneously, they should divide the limited self-control
resources among them (Audiffren & Andre, 2015). In these
conditions, physical endurance and mental processes such
as response inhibition depend on limited and depletable re-
sources (Hagger et al., 2010) including subjective percep-
tions (Clarkson et al., 2010). SMSC predicts that exercise
cessation leads to the recovery and replenishment of self-
control resources (Tyler & Burns, 2008). Furthermore, the
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durability of the decrease in the performance of self-regula-
tion tasks, duo to acute exercise, depends on the level of
self-control resources necessary to maintain the intensity of
the exercise. In the current study, acute acrobic exercise
with a specific intensity is considered as a self-regulation
task. Given that acute aerobic exercise and cognitive func-
tions use a single global strength, the self-control resources
to carry out the next attention-demanding task will proba-
bly be depleted due to the implementation of acute exercise
(Audiffren & Andre, 2015).

In relation to gender differences in creative thinking, the
greater male variability hypothesis assumes that men have
more interindividual variability than women in both physi-
cal and psychological attributes (Ellis, 1894/1934). He and
Wong (2021) in examination of divergent and convergent
creativity in men and women providcd evidence for this hy—
pothesis. They attributed this, on one hand, to greater in-
ter-hemispheric connections in women’s brain (Abraham,
2016), and on the other, to higher levels of self-efficacy in
the analytical and problem-solving creativity of men
(Karwowski, et al., 2016). Thus, in the present study, ex-
periments were only carried out on male students and no
gender comparison was made. Acute aerobic exercise leads
to changes in cognitive functions (Lambourne &
Tomporowski, 2010; Tomporowski, 2003) which might be
explained by the THT and SMSC. Since acute exercise in-
creases the use of metabolic control resources, it is assumed
that during and immediately after exercise cessation, more
control-demanding tasks may be influenced more intensely
than the less control-demanding tasks. Thus, the present
study aimed to investigate how acute aerobic exercises with
low and anaerobic threshold intensities affect DT and CT
processes. Based on theoretical predictions of THT and
SMSC, we hypothesized that aerobic acute exercise at an
anaerobic threshold, compared to low-intensity one and no
exercise, improves flexibility, fluency, originality, and
elaboration subscales of DTs and reduces CT performances
during and immediately after exercise. Additionally, we ex-
pected, following the mentioned models, no differences be-
tween low-intensity exercise and no-exercise conditions.

Materials and Methods

Participants

Via posters placed on campus and department, male stu-
dents who participated in leisure sports activities were
asked to participate in the study. Using self-report assess-
ments and asking the question: “How many times a week do
you participate in moderate to vigorous physical activities?”,
their level of physical activity was considered. Those who
had 2-3 times regular exercise sessions were invited to the
experiment. After excluding 3 persons due to not meeting
the inclusion criteria for, 93 (age), =21.18 £ 1.73 years)
students were recruited. They were randomly assigned into
three groups of 31 persons including anaerobic threshold
(AT) (85% HRya, agey = 21.8 + 2.02), low intensity (LI)
(60% HR,,,, agey, = 20.55 1+ 1.59), and control groups

Retos, namero 58, 2024 (septiembre)



2024, Retos, 58, 880-890

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicidn impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

(agey=21.2 *+ 1.6). The randomization was done through
a dice method by rolling 1 or 2, subjects are assigned to an
AT group, 3 or 4 to an LI group, and 5 or 6 to a control
group. All selected participants had normal vision and had
no history of mental illness other diseases unsuitable for ex-
ercise. After explaining the test procedure, freely-given, in-
formed consent was obtained from all participants included
in the study. This study was performed in accordance with
the ethical standards as laid down in the Declaration of Hel-
sinki and the experiment protocol was also approved by the
local Ethics Committee (Figure 1, CONSORT).

A priori power analysis was performed for sample size
estimation. According to the estimated effect sizes in a
range of 0.35 to 0.38 based on literature (Colzato et al.,
2013; Davranche etal., 2015; Del Giorno etal., 2010), o=
0.05 and power = 0.95, the estimated sample sizes needed
with this range of medium effect sizes (G¥Power 3.1.9.7
software) were approximately n = 84 to 99. Thus, the pro-
posed sample size of this study, n=93, was more than ade-
quate for the evaluation of the objectives and control of the
possible mediating factors.

Measures

An electronic ergometer model Tuntory E980, Finland,
was used to administer the exercise manipulation. A polar
heart rate belt (PHRB) was used to continuously measure
heart rate during riding to control the intensity of exercise.
A printed version of Raven's Advanced Progressive Matri-
ces Test (RAPMT) and an Alternate Use Task (AUT) were
also employed to evaluate CT and DT processes, respec-
tively.

Convergent thinking task

The RAPMT was used to evaluate CT capability.
RAPMT as one of the insight problem-solving tasks corre-
lates with a convergent production sub-score of the creative
reasoning test (CRT) (Jaarsveld et al., 2012). Having three
levels of simple, medium, and difficult has made this test
appropriate to evaluate convergent thinking in the labora-
tory (Agactal., 2021). This task was language-independent
and consisted of a series of homogencous, progressively
more difficult items requiring the participant to choose
which shape (from eight options) is the best selection to
complete a pattern series presented across three rows of de-
signs. Forty-five items, including three 15-item parallel
versions, were prepared, matched and approved by three
professionally trained psychology lecturers. Each version
consisted of simple, medium, and challenging items. Ver-
sions 1, 2, and 3 were implemented before, during, and af-
ter acute aerobic exercise cessation, respectively, in ran-
dom order to follow counter-balance conditions. In this
way, 10 first, 10 second, and 11 third subjects performed
in the order of 1-2-3, 2-3-1, and 3-1-2 versions, respec-
tively.

Divergent thinking task
AUT as a valid test to evaluate DT (Aga et al., 2021;
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Matsumoto et al., 2022) was used in the present study. In
this task, several everyday objects’ names were provided to
participants. They were asked to express as many as possi-
ble new and different uses and applications of these tools.
Referring to the method of balancing AUT proposed in the
literature to ensure that the sets of AUT tasks are balanced
in difficulty (Fink et al., 2020), 3 items consisting of the
brick, newspaper, and pencil terms that are common in
everyday life and familiar to the participants were selected.
Same as convergent task condition, in order to follow coun-
ter-balance conditions, 10 first, 10 second, and 11 third
subjects performed the order of B-N-P, N-P-B and P-B-N
terms, respectively, before, during, and after exercise ces-
sation. In this study, four scores were examined: flexibility,
the number of different categories used; originality, each
response was compared to total responses from all partici-
pants. Those responses that comprised 5% and 1% of all
responses were considered unusual (one score) and unique
(two scores), respectively; fluency, a total of all answers;
and elaboration, the number of response details (Akbari
Chermahini & Hommel, 2010). All responses were ana-
lyzed for each criterion by two different raters. The inter-
rater agreements (Cohen’s K) between raters were 0.79,
0.77,0.98, and 0.79 for flexibility, originality, fluency, and

elaboration, respectively.

Number assessedfor cligibility (a = 96

Excluded (n=3)
- Notmeeting inclusion criteria (n= 3)

Randomized (= 93)

!

Anaerobic Threshold (AT)

(n=31) Low Intensity (L)) (n=31) Control (n=31)

Riding on ergometer in Riding on ergometer in Sitting onergometer in
intensity of §5% HR_; intensity of 60% HR ..
Analysis
Excluded (none)
Analysis all groupsin score subscales of the

divergent and convergent tasks

Figure 1. CONSORT diagram of experiment.

Procedure

The within-between pretest-posttest comparison de-
sign was used for this study. After entering the laboratory,
informed consent was obtained from each participant. After
the PHRB was fastened on their chest, they were seated on
the bike ergometer and given instructions. In both experi-
mental groups, participants performed a 5-minute warm-
up, consisting of two minutes riding with a 1 KJ/Kcal and
three minutes riding with a 2 KJ/Kcal workload. Then,
they were instructed to maintain a consistent speed within
the range of 50-60 rounds per minute. Power output was
different for each participant, determined based on their
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estimated HR,,,, and group assignments. HR,,, as a com-
mon method for prescribing and monitoring intensity dur-
ing acrobic exercise (American College of Sports Medicine,
2018; Cantelon & Giles, 2021) was assessed using the 208-
(ageX0.7) formula (Tanaka et al., 2001). In the AT group,
the acute exercise began with a 3.0-Watt workload, and
0.5-Watt was added to the workload per minute (Audiffren
etal., 2008) until the exercise intensity reached the anaer-
obic threshold of 85% of HR,,, (Pinto et al., 2016). Then,
they continued pedaling for 15 minutes at a constant inten-
sity of 85% of HR .« (Del Giorno etal., 2010), because ex-
ercising longer than 20 minutes leads to dehydration or fa-
tigue in high-intensity exercise protocols and causes a de-
crease in cognitive functions (Benton, 2011). In the LI
group, the same protocol was implemented until the exer-
cise intensity reached 60% of HR,,,, but they continued
pedaling for 25 minutes at a constant intensity of 60% of
HR,... (Lambourne et al., 2010). Cognitive engagement
control, a valid approach in the literature (Pontifex et al.,
2019), was adopted to manage the control condition. To
make the condition closer to the AT group’s condition, the
control group was allowed to sit on the ergometer, and they
were free for 15 minutes to study the sports journals.

All groups performed three versions of RAPMT and
AUT tasks before, during, and after exercise cessation. Two
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tasks were performed at a 1-minute interval between each
other and in the counterbalance order (Corgnet et al.,
2016). Before acute exercise, participants performed one
of the versions of RAPMT as CT for 4 minutes, along with
one of the mentioned terms of AUT as DT for 3 minutes.
The second batch of tests for the AT group was performed
5% minute after the beginning of exercise at 85% HR,,,, and
lasted until the 13" minute. Similarly, the LI group was
tested from the 10™ minute to the 18" minute. Following
acute exercise cessation, both groups rested for 1 minute,
and then the last version of RAPMT was implemented in 4
minutes. The third term of the AUT task also lasted for 3
minutes. Before and after acute exercise cessation, their re-
sponses were recorded by themselves, but during the exer-
cise, the participants saw the items, answered verbally, and
an examiner recorded their responses. The control group
performed the first version of RAPMT and AUT before
studying the journals, followed by the second version from
the 5" to13™ minute after the start of the protocol (sitting
on the ergometer without pedalling), and the last version
was performed one minute after sitting on the ergometer
for 15 minutes. For all groups, the number of correct an-
swers was recorded as a result of RAMPT performance
(Figure 2).

RAPMT = AUT
4 min 1 min interval  3Imin

15 min pedaling #t B55%

25 min pedaling at 60%

L &

b

e

Figure 2. Schematic illustration of the study design

Statistical Methods

The data normality was checked using the Shapiro—Wilk
test. 3 (groups) X 3 (times) Mixed ANOVA with Repeated
Measures was used for comparing between-group pre-test,
during and post-test effects, with groups (AT and LI vs.
control) as between-group factor and time (pre-test, during
and post-test) as the within-group factors. Due to an
RAPMT difference among groups in pre-exercise, RAPMT
was included as a covariate in to control the following
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conditions and univariate ANCOVA was used for analysis
of convergent task scores. Effect size (Cohen’s d) was cal-
culated and a significance level of p < 0.05 was used. The
statistical analysis was conducted with IBM SPSS Statistics
23.0.

Results

Descriptive results of the DT and CT tasks showed that
acute aerobic exercise influenced innovative thinking (see

Retos, namero 58, 2024 (septiembre)



2024, Retos, 58, 880-890

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicidn impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

Table 1). In a confirmatory analysis plan, the interaction,
time, and group effects were analyzed.

Results for Divergent Task

Time and group effects

Results of 3 (groups) X 3 (times) Mixed ANOVA with
Repeated Measures showed a significant main effects for
time (F00,= 36.33, Wilks' Lambda = 0.22, )°=0.78 p =
0.00) and group (F 00, = 4.53, Wilks' Lambda = 0.67, 1’
=0.18, p = 0.00), indicating the difference in effect on DT
for three groups.

Interaction effect

Results also showed an interaction effect (F; 0,= 3.28,
Wilks' Lambda = 0.58, )= 0.24, p = 0.00). Post hoc Bon-
ferroni analysis revealed that exercise in AT intensity led to
a reduction in elaboration (p = 0.01), as well as improve-
ment of fluency and flexibility (p = 0.00, both), no change
in originality (p = 0.32 and 0.6, respectively) compared to
before and after exercise cessation. LI group during com-
pared to before exercise had worse performance in elabo-
ration (p = 0.00) and originality (p = 0.03), but better in
fluency (p = 0.00) and flexibility (p = 0.00). This group
also performed better in originality after exercise cessation
compared with before (p = 0.04) and during exercise (p =
0.00). Besides, their performance in fluency (p = 0.00) and
flexibility (p = 0.00) during exercise was better than after
exercise cessation. The control group at the second try per-
formed better in fluency (p = 0.00) and flexibility (p =
0.00) compared with the first and third tries. Still, they per-
formed similarly in elaboration and originality (see Table 2)
(see Fig. 3).

Acute exercise in the anaerobic threshold and the low
intensities led to reduction of elaboration (p = 0.000,
both), but improvement of fluency (p = 0.00 and p = 0.03,
respectively) in comparison to the inactive condition. This
effect for the anacrobic threshold group was greater than

the low intensity group. Exercise in the low intensity in

Table 2.

comparison to the inactive condition led to improvement of

flexibility (p = 0.04).

Results for Convergent Task

Time and group effects

Because of the significant differences in the RAPMT in
pre-exercise time among groups (non-homogeneity) (F 3 90,
=8.54,1°=0.16, p = 0.00), RAPMT scores were consid-
ered as a covariate to control the following conditions. Re-
sults of univariate ANCOVA showed no significant differ-
ence for RAPMT score during and after exercise cessation,
meaning that no main effects were found for time (F, 30, =
0.14, n° = 0.00, p = 0.71). Group effect was significant
during and exercise cessation (F0, = 6.51,11’=0.13, p =
0.00 and F 00, = 7.5, 1’ = 0.14, p = 0.00, respectively).
Indeed, AT group had worse performance than LI (p =
0.04) and control group (p = 0.00). There was no signifi-
cant difference between LI and the control group (p = 0.67,
0.42, respectively). (see Tables 1 and 2).

Interaction gﬁ(ect
Results revealed no significant interaction effect (F 00,

=0.03,1>=0.00, p = 0.97).

Table 1.
Mean and standard deviation of Raven's Advanced Progressive Matrix Test
(RAPMT) and subscales of Alternative Uses Test (AUT) scores as a function of

groups and times.

RAPMT ElalAJora— Fluency Ongmal— Flexibility
tion it

Before  7.5(3.1) 3.9(2.8) 5(2.5) 1(1.3) 4(2) 74.2

AT During 6.9(2.6) 2(1.8) 8.8(3.3) 0.6(0.9) 6.3(2) 163.8
After  6.9(2.6) 3(2.5) 59(.2) 1(1.4) 42) 1194

Before 9.6 (2.6) 3.9(3.4) 5.9(3) 1.1(1.3) 4.9(2.5) 74.8

LI During  9.3(2.2) 2(2.2) 8.4(2) 0.4(0.9) 6.6(1.6) 121.1
After  9.2(1.9) 2.9(2.7) 5.1(2.5) 2.1(2.2) 4.6(1.9) 85.5

Before 10.35(2.6) 5(3.4) 6(2.6) 0.7(1) 4.7(1.8) 75.9
Control During 10.32(2.5) 5.4 (3.5) 6.7(1.9) 0.3(0.6) 5.5(1.5) 77.4
After  10.35(2.5) 4.4 (2.7) 5.2(1.9) 0.9(1.3) 4.3(1.6) 75.1

Bonferroni paired comparisons for Alternative Uses Test (AUT) subscales and Raven's Advanced Progressive Matrix Test (RAPMT) before, during, and after aerobic

acute exercise cessation

Anaerobic Threshold group

Low-Intensity group

Control group

Times Mean Difference Std. Error p d Mean Difference  Std. Error  p d Mean Difference Std. Error  p d
Before vs. During 1.87 0.57 0'?1 0.82 1.93 0.51 0'?0 0.67 -0.39 0.68 1 0.11
Fla. Before vs. After 0.774 0.6 0.62 0.34 1.03 0.72  0.49 0.32 0.64 0.54 0.73 0.19
During vs. After -1.03 0.51  0.15 0.46 -0.9 0.56 0.35 0.36 1.03 0.49 0.13 0.32
Before vs. During -3.77 0.47 0'90 1.31 -2.58 0.58 0'?0 1 0.71 0.42 0.31 0.31
Flu. Before vs. After -0.87 0.43 0.15 0.31 0.74 0.62 0.72 0.29 0.84 0.45 0.22  0.35
During vs. After 2.9 0.48 O'?O 0.89 3.32 0.39 0'*00 1.2 1.55 0.3 0.00"  0.79
AUT

. 0.03
Before vs. During 0.42 0.25 0.32 0.36 0.67 0.25 N 0.63 0.39 0.2 0.19 0.17
Ol b efore vs. After 0.03 03 1 0 1.06 041 %0 o5y 0.26 0.29 1 0.63

. 0.00
During vs. After 0.39 0.29 0.6 0.29 -1.74 0.45 N 0.55 -0.64 0.26 0.06 0.50
H Before vs. During -2.29 0.34 O'?O 1.15 -1.67 0.49 O'?O 0.83 -0.81 0.32 0.06 0.48

e
x. Before vs. After 0.06 0.35 1 0 0.32 0.4 1 0.13 0.45 0.33 0.56  0.23
During vs. After 2.35 0.29 0.00 1.15 2 0.39 0.00 1.14 1.26 0.3 0.00"  0.77
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*

Before vs. During 0.58 0.45 0.63 0.21 0.29 0.46 1 0.12 0.03 0.41 1 0
RAPMT  Before vs. After 0.58 0.43 0.56 0.21 0.35 0.49 1 0.17 0.00 0.42 1 0
During vs. After 0.00 0.42 1 0 0.06 0.4 1 0.04 -0.32 0.36 1 0
“p < .05 Ela. = Elaboration, Flex. = Flexibility, Flu. = Fluency, Ori. = Originality. d = Cohen’s d
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Figure 3. This figure illustrates the variations of AUT’s subscales and RAPMT scores in the past, during, and after acute acrobic exercise cessation (AT=Anaerobic

threshold group; LI=Low intensity group).

Discussion

In this study, we investigated whether creative DT and
CT are influenced by low and anaerobic threshold intensi-
ties of acute aerobic exercises. Results showed that, for AT
and LI groups, performance on the DT task was better than
the control group. It means that DT might be changed
through acute aerobic exercise. This effect was greater for
the AT than for LI group. Interestingly, on the one hand,
for the DT task, improvement in flexibility and fluency dur-
ing and after exercise in AT and low intensities was con-
sistent with THT and inconsistent with SMSC predictions.
On the other hand, relatively stable performance of CT task
during and after exercise in AT and low intensities were in-
consistent with both THT and SMSC predictions. DT and
CT processes were differently influenced by the present
study’s intervention, and the intensity of acute exercise was
found as one of the determinants of the cognitive function-
2013;
Tomporowski, 2003) as specifically demonstrated in this

acute exercise relationship (Colzato et al.,

study.

Flexibility and fluency subscales increased during both
AT and low intensities and then returned to baseline after
exercise cessation. This finding was consistent with THT’s
predictions, as well as Aga et al. (2021). When comparing
effect sizes between the two intensities, it appears that aer-
obic exercise requirements at the anaerobic threshold could
have constrained the brain to allocate the resources from
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higher cognitive structures to lower ones. Then, inhibition
function as one of the fundamental cognitive processes is
reduced due to a temporary shift in the activity of neuronal
populations (Dietrich, 2003). This transient state led to an
increase in two essential aspects of the DT, including flu-
ency and flexibility. However, this finding did not confirm
the prediction of SMSC. Therefore, implementing the DT
task in the middle of acute aerobic exercise and lack of the
complete depletion of the resources may be considered as
the reasons for the lack of decrement in fluency and flexi-
bility subscales. Perhaps, lasting acute anaerobic exercise
for more than 15 minutes could impair the performance of
the mentioned subscales. For further clarification on this
probability, it is suggested for future studies to implement
the DT task at the beginning, middle, and end of acute aer-
obic exercise that lasts more than 15 minutes. These find-
ings were also not consistent with fluency and flexibility
subscales in Blanchette et al. (2005). The probable cause of
this discrepancy can be attributed to differences in the type
of creative tasks, which lead to different findings in the
acute exercise-cognitive function relationship (Audiffren et
al., 2008). In the present study, participants were asked to
respond verbally to the DT task, but they responded in a
figural manner in Blanchett et al’s study. Given the strong
effect of verbal training of divergent thinking on subscales
including flexibility, fluency, and originality compared to
figural training (Fink et al., 2019), DT might be considered
as a multidimensional construct, with a distinction between
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verbal and figural tasks (Clapham, 2003; Cortes et al.,
2019). Morecover, in neuroimaging studies, different di-
mensions of DT require the activation of different hemi-
spheres. Carrying on the figural tasks is associated with
greater involvement of right than left parietal activation,
whereas it is vice versa for verbal tasks (Foster etal., 2005).
Thus, it may be concluded that the interventions can differ-
ently influence various modalities for the appraisal of diver-
gent creativity using multiple tasks. Although the neural
control had not been considered in the current study, this
issue should be regarded in future studies by testing two
types of verbal and figural DT tasks during and after acute
exercise cessation to more understand the cognition-exer-
cise relationship.

Contrary to fluency and flexibility subscales, the acute
exercises caused a reduction in performance of the elabora-
tion subscale that in the AT intensity was more than the low
one. This result was not in line with the THTS predictions.
Still, it was in line with the SMSC’s forecasts, stating that
implementing the acute exercise and creativity task simul-
taneously leads to depletion of the self-control resources to
carry out the next attention-demanding task (Audiffren &
Andre, 2015). Indeed, because the elaboration subscale is
accompanied by the number of response details, it will
make the brain allocate more resources. Also, in the present
study, cycling at a constant intensity for a given time was a
self-regulating task, since participants had to set their cy-
cling speed in a stable range throughout the test
(Schmeichel & Baumeister, 2010). Therefore, it can be con-
cluded that acute cycling exercise, particularly in AT inten-
sity, as a control-demanding task used a common depletable
resource in the brain with the cognitive functions to gener-
ate the movement and emerge the behavior. This situation
led to the depletion of the limited self-control capacity for
cognitive-control operations and ego-depletion in partici-
pants. Finally, more effort to maintain self-control for car-
rying out DT tasks failed (Baumeister et al., 1998). The re-
sults were also consistent with Colzato et al. (2013). They
showed that moderate and intense acute exercises lead to a
drop in the creative DT performance, and claimed that the
resources allocation during acute exercise might be influ-
enced by the type of the creativity task. Then, given the
multidimensionality of the cognitive tasks, acute exercise
may impair or improve various aspects of executive func-
tion (Cantelon & Giles, 2021; Chang et al., 2012;
Lambourne & Tomporowski, 2010), as found in the diver-
gent creative task in our study.

This study showed that although the performance of the
originality subscale decreased during low-intensity acute
exercise, it improved after exercise cessation. This result
was in line with Zhao et al. (2022), as well as THT and
SMSC’s expectations. THT predicts that neural activation
patterns will be normalized after exercise cessation
(Dietrich, 2003), and cognitive processing improvement in
these conditions can be attributed to the gradual return of
body metabolism and increased levels of arousal (Audiffren
etal., 2008). SMSC also determines a period after exercise
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cessation leads to recovery and replenishment of the self-
control resources (Tyler & Burns, 2008). Therefore, for
coaches and teachers who try to improve the creative pro-
cesses of individuals through acute exercise administration,
it is recommended to use break times to increase cognitive
efficiency. Intensity of physical activity is the main stimula-
tion for the entry of Brain-Derived Neurotrophic Factor
(BDNF) and endocannabinoids into the process of brain
function enhancement (Chen, 2024). In fact, given to influ-
ence of acute aerobic exercise with moderate to intense in-
tensity on improvement of students’ cognitive function and
thinking (Polevoy, 2024), as well as the relationship be-
tween motor and cognitive development during growth
(Diamond, 2000), it is also recommended to teachers and
coaches using these physical activities to improve students’
brain function in physical education sessions.

Contrary to THT and SMSCs’ predictions, in the pre-
sent study, the performance of CT throughout exercise in
AT and low intensities as well as after exercise cessation was
relatively stable. It was expected that cognitive processes
with top-down control that are effortful and conscious were
impaired more than the unconscious and automatic ones
during a high-intensity acute exercise. This result was not
consistent with the decline in convergent task performance
found in Zhao et al. (2022) and Colzato etal. (2013)’ study.
Colzato et al. argued that CT requires a more substantial
top-down control than DT, as it accompanies by a more
constrained search for one or more items. Exercise modal-
ity, an important factor, has been shown to differentially
impact cognition during exercise (Cantelon & Giles, 2021;
Lambourne & Tomporowski, 2010). Performing creative
thinking tasks during exercise inherently creates a dual-task
environment, but these dual-task effects may be more pro-
nounced depending on the exercise modality. Then, this in-
consistency may be attributable to differences in the physi-
cal effort required during cycling vs. other aerobic move-
ments. Thus, different effects of simultaneous exercise on
creative thinking may be due to the different attentional
conflict between coordination of bodily movement and ex-
ecutive control. To the authors’ knowledge, the acute ex-
ercise-creative thinking relationship has been scarcely in-
vestigated from the THT and SMSCs’ point of view. How-
ever, a difference between experimental intensities and
type of task may be possible factors of this inconsistency. It
seems that cycling in 85% and 60% HR,,,, intensities have
not provided an appropriate opportunity to shift (Dietrich,
2004) or deplete (Baumeister et al., 1998) energy resources
to influence CT performance. Further research will be
needed to examine THT and SMSCs’ predictions on the
acute aerobic exercise-CT relationship. Therefore, future
studies can be carried out by changing the exercise inten-
sity, exercise type and creative thinking task to explore the
exercise pattern that lead to positive effects. In addition,
this study only, from the perspective of behavioral data, ex-
amined and confirmed the theoretical predictions of THT
and SMSC on the impact of acute aerobic exercise on crea-
tivity, but the neural mechanism of this effect remains
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unclear. In the future studies, brain imaging methods such
as functional magnetic resonance imaging (fMRI) and event-
related potential (ERP) can be consider to explore this
problem. It is suggested that in future studies, the effect of
non-aerobic exercises such as virtual reality games, that in-
crease the heart rate, on creative thinking should also be in-
vestigated. One of the limitations of the present study was
the lack of comparison of the sex on the cognition-acute ex-
ercise relationship, which is suggested to be considered in
future studies. Further studies, which take creative perfor-
mance of people with different levels of physical activity
during an acute aerobic exercise into account, will need to
be undertaken.

Conclusion

In the current study, some aspects of creative DT were
improved, whereas CT was not notably changed due to the
acute aerobic exercise. Our findings suggested that engag-
ing in an acute bout of acrobic exercise enhances divergent
thinking. Therefore, acrobic exercise may be considered a
beneficial option for improving this cognitive function. For
college students, short-term aerobic exercise in moderate
to high intensity is a good strategy to improve physical fit-
ness and creative performance, which s of great significance
to their study and life. The present research also contrib-
uted to a growing body of literature and examined some of
theoretical predictions associated with acute exercise and
creative processes. This indicated that THT and SMSC dif-
ferently predict the creative thinking changes during an
acute bout of aerobic exercise and further works need to
confirm them as the appropriate explanations regarding the
cognition-acute exercise relationship.
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