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Editorial of the Research Topic
Editorial: Advances in Sport Science: Latest Findings and New Scientific Proposals

Although sport as an activity has been practiced for much of modern history, sports sciences were
not considered a discipline of academic tradition until the 20th century (Fernindez and Garcia,
2018). The purpose and function of sport sciences are to investigate questions about motor behavior
and performance, which must be solved on a scientific basis.

According to data from PubMed, scientific research on sport sciences has increased in the last
10 years. Specifically, it is possible to affirm that more scientific studies were published in the 2010-
2020 decade than in the entire previous period (1945-2009) (Maneiro, 2021). This brings us closer
to the idea that this area of knowledge is in full expansion and apogee, in which sports scientists
have a fundamental role.

Analyzing more specifically the different fields of study, it is possible to affirm that some fields
have more robust growth, while in others their growth is more moderate. Specifically, areas such as
rehabilitation, exercise, or biomechanics show very notable growth, while others such as sports
injuries, motor behavior analysis, performance analysis, or strength training show less notable
growth (Gonzalez et al., 2018).

This special Research Topic entitled “Advances in Sport Science: Latest Findings and New
Scientific Proposals” began with a double objective: on the one hand, to offer a space where scientists
can continue to delve into the most consolidated scientific disciplines; and on the other hand, to
open a path where those areas that still need more research could have a place. As a result, the great
impact it has had on the community is noteworthy, to the extent that 27 articles have been published
by 130 authors, and with a total global impact of almost 61,000 visits from multiple different
countries, which has increased and improved knowledge on the following topics: performance
analysis in individual and team sports (15 articles), the impact of COVID-19 on performance (3
articles), executive functions and physical fitness at an early age (3 articles), physical activity in
older people (1 article), and psychological profiles in performance athletes (6 articles).
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OVERVIEW OF CONTRIBUTIONS

The analysis of sports performance has been the subject that
research has most concentrated on. This is no coincidence,
since the abundance of currently existing sports disciplines
demands research that results in potential recommendations
with empirical support. More specifically, football is the sport
that has been the subject of most research, specifically with
five studies, and they have focused on the comparison of goal
scoring patterns in the main European leagues (Li and Zhao),
the peak performance age of top-level soccer players (Oterhals
et al.), differences in technical and space management actions
in three UEFA Champions League finals (Amatria et al.), the
analysis of one of the most important rules of the game in soccer,
such as offside (Zhao), and the opinion of game analysts on
different aspects of the game (Aguado-Méndez et al.). All these
studies have allowed us to increase our knowledge about different
variables that may be modulating success in performance
football. The analysis of other team sports, such as volleyball,
assessed the efficiency of the training process with different
methodologies (Fernandez-Echevarria et al.), the influence
of the yips (psycho-neuromuscular disorder characterized by
involuntary movements that disrupt the execution of automatic
fine motor behavior) in college baseball players (Aoyama et al.),
the analysis of ultimate frisbee from different criteria such as
where more passes are made and what behaviors differentiate the
winning teams from the losers (Lam et al.) and, finally, it has
been shown that in sports such as rowing (Gavala-Gonzélez et al.)
there is a relationship between the academic record of athletes
and sports performance. Specifically, rowers who obtain better
academic grades have higher levels of involvement in the tests,
and therefore better sports results.

On the other hand, individual sports have also had a special
space within the topic. An example is the study by Leon-Guerefo
et al., where they analyze the influence of different variables such
as age, sex, or marital status on the motivation toward endurance
sports such as athletics; on the other hand, badminton (an
individual or dual sport) has also had a special mention with two
articles: the study by Torres-Luque et al. has proposed the design
and validation of an observation instrument for the analysis of
technical and tactical behaviors in badminton; and the study by
Guo et al., where they analyzed the effect of combined balance
and plyometric training on change of direction performance
in a 6-week program. Finally, the work of Nufez-Barriopedro
et al., with a sample of 682 karate fighters, analyzed the strategies
of karate federations to attract and retain competitors through
variables such as happiness and how it modulates performance.

Of course, this special Research Topic could not ignore the
influence of the COVID-19 pandemic on both the training
and sports performance of athletes. In this sense, three
studies have focused their efforts on the impact not only of
COVID, but also the performance within the bubble in world
championships. More specifically, the work of Gentile et al.
analyzes how the pandemic influenced different psychological
variables such as stress and the ability to fall asleep in
the “bubble” at the 2020 World Samboo Championships; on
the other hand, the work of McLean et al., using the STS

(sociotechnical systems) theory shows that the sports teams
of the Australian Football League can take advantage of the
circumstances of the pandemic to improve the efficiency of their
departments; and finally, the study by Bobo-Arce et al. collects
302 interviews with rhythmic gymnastics coaches from 26
different countries, where they conclude that although gymnasts
continued training during confinement, almost 3 out of 4
reported some abandonment of sports practice, also proposing
training advice for future lockdowns.

A novel feature of this Research Topic has been the attention
paid to early ages from two perspectives: the assessment of
physical fitness in boys and girls, as well as their related executive
functions. In this sense, the work of Escolano-Pérez et al.
examined the influence of early environmental variables such as
the type of feeding or the mode of delivery and some biological
variables (sex and age) on pre-school motor skills, finding notable
differences between them based on sex and type of delivery,
among others. The study by Veraksa et al., with a sample of
261 boys and girls from 5 to 6 years of age, tried to identify
the possible different levels of physical fitness among them,
in addition to an analysis of their executive functions. Lastly,
the ambitious study by Iglesias-Soler et al., entitled “Percentiles
and principal component analysis of physical fitness from a
big sample of children and adolescents aged 6-18 years: the
DAFIS Project” with more than 15,000 young people from
Galicia, concluded that the physical condition was better in boys
than in girls, and that the distribution of fat mass and muscle
performance had a high proportion of variation in physical
fitness. On the other hand, physical activity in older people has
also had a special place in this Research Topic with the article
“Physical activity and life satisfactions: an empirical study in
a population of senior citizens” by Wobbeking et al., where,
with a sample of 300 older subjects, the influence of various
sociodemographic variables (age, sex, institutionalization, and
level of education) on the performance of physical activity
is analyzed, demonstrating that people with a higher level
of education present differences in physical and motivational
reserves, and that the latter affect healthy cognitive aging.

Another novel research focus in the current Research Topic
has been the inclusion of studies on eye fixation and the “quiet
eye” effect. The study of Dahl et al. monitored eye behavior and
vision in a similar context to e-sports in more than 2,600 trials,
stating that increased cognitive load delayed the onset of gaze
fixation, and that the duration of the last fixation before a motor
action predicted performance outcome.

Finally, the psychological approach in performance analysis
was addressed in five different studies, and four different
sports. In the first place, the study by Uriarte et al. focused
on judo, and found that the performance indicators that
made the greatest difference were psychological aspects such
as motivation, stress, and team cohesion, with the motivation
variable being the most important for success. On the other
hand, there have been two studies that have focused on
psychological aspects in archers. The study by Wu et al. studied
the effects of a mindfulness intervention program (mindfulness-
based peak performance, MBPP) on sports performance in 23
archers, showing that the MBPP program significantly improved
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shooting performance, multiple cognitive functions, and the
level of negative ruminations decreased significantly. On the
other hand, the investigation of Li et al. (43 archers and
shooting specialists were analyzed) intended to investigate the
relationship between the level of experience and interoceptive
attention capacity in shooting and archery, concluding that
elite athletes outperformed amateurs in different aspects and
variables considered. Likewise, Peng et al. studied the relationship
between competitive cognitive anxiety and motor performance
in Chinese college basketball players, concluding that ego and
task orientations and the “goal profile” moderate the relationship
between competitive anxiety and motor performance. Finally,
in the work of Mitic et al., the differences in the psychological
profiles of elite and non-elite athletes are analyzed, stating
that the former are characterized by a positive score toward
self-efficacy, emotionality, low negative past time perspective,
emotional competence, and future time perspective, while the
latter have completely opposite features. Finally, in the study
entitled “Use of Stroop Test for sports psychology study: cross-
over design research” by Takahashi and Grove, they used the
Stroop psychological test to investigate the benefits of exercise
on cognitive function, finding that there was no significant
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FUTURE LINES OF RESEARCH

In view of the large number of published articles, all of them
of high methodological and substantive quality, the present
Research Topic has responded to those objectives that the editors
have aspired to: to help increase scientific support around sport
from different disciplines and perspectives, with the ultimate
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University of Physical Education, Poznar, Poland

The purpose of this research was to describe reasons for participating in a marathon
and their association with marital status, age, and sex. Four hundred and ninety-three
runners in total, 144 of whom were women and 349 of whom were men, completed
the Polish version of the Motivations of Marathoners Scale (MOMS), containing nine
dimensions, which was released through an online survey at the Poznan Marathon in
Poland (2019). Athletes’ age (ranges 19-25, 26-35, 36-50, 51-70 years) and marital
status (single, married, divorced) were asked of the participants. The results showed that
statistical significant associations were found between athletes’ motivational aspects
and athletes’ sex and age. To this end, three MOMS dimensions were statistically
associated with athletes’ sex, a further three dimensions were different age-wise, and,
lastly, marital status did not show differences in any of the dimensions. Moreover,
statistical differences were not found in the multivariate analysis comparing marital
status, sex, and age range according to MOMS. Recreational runners’ reasons for
participating in a marathon are different depending on certain sociodemographic
variables; therefore, these characteristics should be considered when addressing
different athletes in order to provide them with the most suitable information for taking
part in such events.

Keywords: running, marathoners, motivation, age, sex difference, marital status

INTRODUCTION

Recreational running has become one of the most common physical activities worldwide, and the
number of running events has increased proportionally (Breedveld et al., 2015; Hallmann et al.,
2015; Dallinga et al., 2019; Kozlovskaia et al., 2019), as has the number of marathons hosted by
different cities in the world (Hulteen et al., 2017). The latter gather thousands of people with
different levels of skill who are keen to run such a distance (Buning and Walker, 2016). Due to
this popularity, a wide-ranging approach has analyzed these mass sports events, in an attempt to
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describe, among other aspects: the physical health benefits of
running (Hulteen et al., 2017; Oja et al., 2017; Mujika-Alberdi
et al,, 2018; Kozlovskaia et al., 2019); psychological benefits and
mental change (Mazyarkin et al., 2019), finding, for instance,
that marathon runners mental health was better than that
of non-athletes (Raglin, 2007; Boudreau and Giorgi, 2010);
endurance running performance-related research (Ferrer et al.,
2015); social, tourism, and leisure-related research (Shipway
and Jones, 2007; Waskowski, 2011; Nowak and Chalimoniuk-
Nowak, 2015; Summers et al., 2016; Malchrowicz-Mosko and
Rozmiarek, 2018; Malchrowicz-Mosko et al., 2019), coaching-
related research (Malchrowicz-Mosko and Rozmiarek, 2018),
and research involving analyzing psychosocial factors related to
marathon running (Summers et al., 2016); and psychological
motivational characteristics of amateur or recreational runners
(Larumbe et al., 2009; Hammer and Podlog, 2016).

Since running events have increased significantly in the last
few decades, organizers have started trying to understand the
reasons why athletes would take part in different sports events
and to define the reasons why a person decides to participate
in such events (Scheerder et al., 2015). A distinction is thus
drawn between certain groups with specific characteristics that
need to be taken into account when organizing an endurance
event (Buning and Walker, 2016). In this regard, a great body of
literature has tried to describe the reasons that have led athletes
to take part in different sports endurance events, e.g., triathlons
(Croft et al., 1999; Wicker and Weimar, 2012; Lépez-Ferndndez
et al,, 2014; Myburgh et al., 2014) and cycling events (Lachausse,
2006; Heesch et al., 2012; Malchrowicz-Mosko et al., 2019). Apart
from the previously cited sporting contexts, the Motivations
of Marathoners Scale (MOMS), developed by Masters et al.
(1993), has been used in different running contexts, such as
adventure races (Doppelmayr and Molkenthin, 2004), a 5 km
running event (Bell and Stephenson, 2014), half marathons
(Bell and Stephenson, 2014; Malchrowicz-Mosko et al., 2018),
and ultramarathons (Doppelmayr and Molkenthin, 2004; Frick,
2011; Malchrowicz-Mosko and Rozmiarek, 2018; Waskiewicz
et al, 2019a), and for trying to distinguish athletes’ reasons
for participation depending on the distance, comparing half
marathon, full marathon, and ultramarathon runners’ reasons
for participation (Hanson et al., 2015). Other variables such as
the type of event, traditional sports events vs. non-traditional
sports events (Buning and Walker, 2016), cause-related vs.
non-cause-related endurance events (Rundio et al., 2014), first-
time marathoners’ motivations, and pre-race dropout reasons
(Havenar and Lochbaum, 2007) have been analyzed using the
MOMS scale, in order to distinguish and understand what
drives athletes to participate in those events. Along these lines,
some research has tried to cluster athletes according to their
motivational profiles (Ogles and Masters, 2007; Parra-Camacho
et al., 2019) or according to their family context, for instance
(Goodsell et al, 2013), in an attempt to establish different
target groups that may be considered when organizing a sports
endurance event.

Athletes’ motivation is the psychological aspect that has been
analyzed most, since it helps to explain their participation
in a marathon (Ruiz-Juan and Zarauz Sancho, 2014). Several

studies have focused on the motivation of recreational runners
due to the importance they place on participating in such
events (Leon-Guereno et al., 2020). Many of them have been
conducted on the basis of self-determination theory (Deci and
Ryan, 2000), whereby athletes’ motivation is divided into two
main dimensions, namely, intrinsic and extrinsic motivation
(Ruiz-Juan and Zarauz Sancho, 2014). Nevertheless, the creation
of MOMS (Masters et al., 1993) was one major development,
showing a multidimensional questionnaire designed specifically
to assess marathoners’ motives. MOMS, as its name “Motivations
of Marathoners Scale” suggests, was created specifically in order
to measure marathon athletes’ reasons for participation, and
therefore, athletes motivations have been analyzed in many
marathons from within different social contexts, e.g., in Greece
(Nikolaidis et al., 2019), Poland (Malchrowicz-Mosko et al.,
2019; Waskiewicz et al., 2019a), Spain (Ruiz-Juan and Zarauz
Sancho, 2014; Parra-Camacho et al,, 2019), and especially in the
United States (Ogles and Masters, 2003; Rundio et al., 2014;
Hanson et al., 2015; Buning and Walker, 2016), the context in
which the scale was initially created. The variables associated
with different reasons for participating have also been diverse,
with the following being the most analyzed variables: runners’
sex (Waskowski, 2011; Summers et al., 2016; Malchrowicz-Mo$ko
and Rozmiarek, 2018; Malchrowicz-Mosko and Poczta, 2019)
and runners’ age (Ogles and Masters, 2003; Reed and Gibbs, 2016;
Poczta et al., 2018; Nikolaidis et al., 2019). This constitutes an
attempt to describe whether the reasons for a person taking part
in an endurance event depend on athletes’ sex and age. Other
variables such as years” experience running (Ogles and Masters,
2003; Malchrowicz-Mosko et al., 2020) or training experience
(Waskiewicz et al., 2019b) and athletes’ performance (Ferrer et al.,
2015; Nikolaidis et al., 2019) have also been associated with
athletes’ motivations.

Nevertheless, marital status has yet to be analyzed in relation
to marathon athletes’ participation motives. Taking into account
how peoples’ lives can change depending on their marital status,
and the changes that may take place from being single to being
married, and also from this latter marital status to being divorced,
it would seem to be an interesting variable when analyzing
athletes’ participation motives in a sporting event. This may
be even more relevant when the sports event in question is a
marathon, as this is a very demanding race, with a heavy load or
training sessions that need to be completed. Goodsell et al. (2013),
in an American sample, concluded that family context was an
important influence on peoples’ motivation behind running and
that it should be taken into account by researchers and those who
wish to encourage long-term engagement in active leisure.

As regards the Polish social context, mass sports events and the
ideology of healthism have been developing in the last few years,
in view of how Poles’ physical activity has in turn increased over
the last two decades. Socio-cultural and economic aspects have
influenced this growth of physical activity, with Poles now being
better educated, being wealthier, and having more free time for
leisure, having seen their quality of life increase (Malchrowicz-
Mosko and Poczta, 2019). Within this context, Poles had taken
Western countries’ lifestyles on board, and reasons for taking part
in sports events such as marathons have increased exponentially.
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Thus, it is especially interesting to understand this construct,
since a huge social change took place within a quite-short period,
and athletes’ motivation has also changed too.

Reviewing the literature on the subject showed that most
previous research has focused on other countries (Ogles and
Masters, 1995, 2003; Rundio et al., 2014; Nikolaidis et al,
2019) rather than specifically on the Polish social context, even
though marathoners’ motivational characteristics were analyzed
in Poland over 10 years ago (Waskiewicz et al., 2019b). With this
research, we attempt to provide up-to-date information about
athletes’ reasons for participating in marathons. On the other
hand, marital status has yet to be suitably addressed, this being an
innovative perspective put forward by this research. Therefore, in
this research, the main aim will be to show why amateur athletes
take part in marathons in Poland, and to this end, runners
motivations will be analyzed and associated with participants’ sex,
age, and marital status - this last mentioned factor, as we have
already mentioned, has tended to be underestimated in literature.
In line with this objective, the main hypothesis of this research
is that amateur athletes’ motivational aspects differ according to
their age, sex and, marital status.

MATERIALS AND METHODS
Participants and Study Design

Approval was obtained from the Ethics Committee of the
University of Deusto, Spain, and the study was consistent with the
Helsinki declaration of 2013. Participants were treated ethically
under the American Psychological Association code of ethics
regarding consent, anonymity, and responses. It is a cross-
sectional study, whose total sample comprised 493 participants
in the Poznan Marathon; both females (n = 144) and males
(n = 349) filled out the questionnaire. All of them provided
written informed consent for participation in the survey, with
those athletes who did not ultimately participate in the event
being excluded from the study. Participants were recruited via
intentioned selection. Individuals took part in the 20th Poznan
Marathon in Poland in October 2019. The Poznan Marathon is
one of the biggest marathons in Poland and, in fact, one of the
biggest in central Europe. 2019 was the 20th year the competition
was held. For the first 10 years it was organized, it was the premier
running event in Poland, and 6,092 marathoners completed the
Poznan Marathon in 2019.

Measurements

Sociodemographic State

Participants, as shown in Table 1, were asked about sex (male,
female), age range (ranges <18, 19-25, 26-35, 36-50, 51-
70 years), and marital status, to determine the most accepted
status (single, married, divorced).

Athletes’ Motivation

The Polish version of the multidimensional MOMS scale was
used (Dybala, 2013), developed initially by Masters et al. (1993).
Athletes’ motivation was measured via 56 items or reasons for
participating in a marathon, organized using a seven-point Likert

TABLE 1 | Column profile according to athletes’ age ranges and sex.

<18 19-25 26-35 36-50 51-70 Total
Gender n % n % n % n % n % n %
Male 2 40 26 57 115 69 185 73 21 88 349 71
Female 3 60 20 43 51 31 67 27 3 12 144 29

scale, with the highest score being 7 and the least-valued motive
rated 1. This scale shows nine dimensions that authors divided
into four main broader groups of motive: (1) psychological
motives, involving self-esteem, psychological coping, and life
meaning; (2) achievement-related motives, including personal
goal achievement and competition; (3) social motives, showing
recognition and affiliation motives; and (4) physical health
motives, including general health orientation and weight concern
(Masters et al., 1993).

Procedure

The online survey was set up using Google Docs technology
(Smigelskas et al., 2019). Athletes were contacted via the Internet
the same weekend that the 20th PKO Poznan Marathon was
taking place in October 2019 and were provided with detailed
information about the research by the organizers. Previously, the
event organizer was suitably informed about this study, which
they passed on to all the participants in the marathon.

Data Analysis

The statistical analysis was carried out by R Core Team in
this quantitative analysis. A Principal Component Analysis
(PCA) variable graph was calculated to show an outline of the
association and direction of the nine MOMS dimensions (Shahid
et al., 2016), thus summarizing the information obtained from
the correlation matrix (Supplementary Table Al) and giving
an overall view of the correlations among athletes’ different
reasons for taking part in a marathon. One-way ANOVA was
used in order to analyze the association between athletes’ reasons
for participating and the three independent variables selected
for this research: age, sex, and marital status. Normality in
terms of distribution was verified by the Shapiro-Wilk test,
and the assumption of homogeneity of variance was ascertained
using Levene’s test. Multivariate analysis of variance was applied
to ascertain the importance of marital status (single, married,
divorced), age range (<18, 19-25, 26-35, 36-50, 51-70), and sex
(female, male) differences in terms of MOMS variables. Multiple
post-hoc comparisons with Bonferroni corrections and eta square
(n?) were also used, the latter being a multivariate measure of
effect size. The results were considered statistically significant
when p < 0.05.

RESULTS

The results obtained from this research attempted to describe
the reasons for participation by amateur athletes and their
association with runners’ marital status, sex, and age. Figure 1 -
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FIGURE 1 | Principal Component Analysis (PCA) graph of variables, showing data for the nine Motivations of Marathoners Scale (MOMS) dimensions.
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Dim 1 (23.29%)

the variables graph (PCA) - showed an outline of the association
and direction of the nine dimensions or reasons for participation
on the part of marathon runners. The horizontal dimension
showed 23.3% of the variation, and the vertical dimension, 19.6%,
thus totaling 42.9% of the total variation. Figure 1 presents each
motivational dimension of athletes represented by an arrow,
thus showing the motives and direction taken by participants,
summarized in two axes, enabling us to gain an insight into
participants’ motivation. Horizontal and vertical dimensions
show two groups referring to dimension, displaying the main
motives and direction taken by those participating in a marathon.

The horizontal or main dimension showed opposing
directions in terms of reasons for participation, with health
orientation, weight concern, personal goal achievement, and
competition in one direction and psychological coping, life
meaning, and self-esteem in the other direction. In the vertical

dimension, Figure 1 shows how competition and recognition
are to be found on the upper part of the graph, while conversely,
health reasons for participating are on the lower part of the
graph. The opposing directions of personal goal achievement
and affiliation can be observed on the upper part of the graph
in Figure 1.

Table 2 shows that personal goal achievement (p < 0.05),
competition, and psychological coping (p < 0.001) evidenced
statistical differences between male and female runners, showing
small to medium effect size values. Conversely, the rest of the
MOMS dimensions did not show any significant differences
in terms of sex.

Table 3 shows statistical differences according to age ranges
in three MOMS dimensions: health orientation (p < 0.001), with
a medium to large effect size, and affiliation (p < 0.05) and self-
esteem (p < 0.05), with small to medium effect size. Conversely,
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TABLE 2 | One-way ANOVA of nine Motivations of Marathoners Scale (MOMS)
dimensions according to sex.

MOMS Women Men F P d

M SD M  SD

Health orientation 550 124 538 132 0.986 0.321 0.03
Weight concern 410 1.73 425 1.61 0.832 0.362 0.14
Personal goal achievement 5.16 1.34 4.78 1.43 8.052 0.005 0.26
Competition 318 1.51 259 1.43 16.364 0.000 0.41
Recognition 3.07 135 29 125 1598 0.207 0.32
Affiliation 349 165 356 152 0207 0.650 0.25
Psychological coping 413 1.34 378 1.45 15528 0.000 0.20
Life meaning 378 146 395 137 1464 0227 0.09
Self-esteem 464 139 491 138 3734 0.054 0.17

the rest of the dimensions did not show any significant differences
according to age.

Table 4 did not show significant differences in terms of the
nine MOMS dimensions (all, p > 0.05). In addition, the effect
size value was small to medium in terms of the nine MOMS
dimensions according to marital status.

Table 5 shows the comparison between motivations of men
and women based on their marital status according to the nine
MOMS dimensions. No statistically significant differences were
found in any of the dimensions (all, p < 0.05).

DISCUSSION

The aim of this research was to describe why athletes decide to
take part in a marathon, i.e., runners’ reasons for participation,
focusing on some characteristics of participants, such as their
age, sex, and marital status, with some of these variables being
previously analyzed in other endurance races (Nikolaidis et al.,
2019; Waskiewicz et al., 2019b) and in other social contexts
(Buning and Walker, 2016; Malchrowicz-Mosko et al., 2019;
Parra-Camacho et al., 2019). The main findings showed that
some of the variables analyzed, namely, sex and age, influence
the reasons for participation by amateur athletes, while marital

status did not evidence any such association. As previous research
shows, age and sex have been analyzed in a binomial way, in
order to ascertain whether sex-age makes a difference, how far it
extends, or in which direction these differences exist in marathon
race participants (Reed and Gibbs, 2016; Nikolaidis et al., 2018).
One of the most analyzed variables has been athletes’ sex when
trying to understand endurance athletes’ reasons for practicing
their sport. In this case, this study shows that amateur athletes’
reasons for participating in a marathon in Poland are significantly
different in three of the MOMS dimensions according to sex, i.e.,
male amateur runners reasons for participating in a marathon
are significantly greater in terms of personal goal achievement
(p < 0.005) and competition (p < 0.001) compared to female
runners. At the same time, female amateur runners’ reasons for
participation are greater than in men in terms of psychological
coping (p < 0.001). These results are partially in keeping
with Stempien (2014), who found that non-performance-related
variables were preferred by Polish lady runners, with results
showing that male and female runners’ reasons for participating
in a marathon were statistically different. Along the same lines,
female marathoners in the classic Athens race showed greater
reasons for participation in psychological coping and self-esteem
than male runners, although personal goal achievement was
found to be a meaningful characteristic in the Greek contexts
(Nikolaidis et al., 2019). Conversely, in our research, personal
goal achievement was male runners’ key factor in taking part
in a marathon, and life meaning was a significant reason for
participation on the part of Polish female marathoners. In
the USA context, Ogles and Masters (1995) analyzed athletes’
reasons for participation in terms of sex, and the results
obtained support our findings, i.e, women and men differ
in their reasons for participating in a marathon, showing
that weight concern, affiliation, self-esteem, life meaning, and
psychological coping were more key factors for women than
for men; on the other hand, health orientation, personal goal
achievement, competition, and recognition would explain male
runners’ participation in marathon events — results that coincide
partially with the findings of our research. Within these results,
in the Polish context, psychological coping was the motive that
showed statistical differences among women, while personal

TABLE 3 | One-way ANOVA of nine MOMS dimensions in terms of age.

MOMS <18yearsn=5 19-25yearsn=46 26-35yearsn =166 36-50yearsn =252 51-70yearsn =24 F P d
M SD M SD M SD M SD M SD

Health orientation 4.57 2.44 4,992-b 1.39 5.272-b 1.23 5.632 1.21 6.16° 0.99 6.444 0.000 0.03
Weight concern 3.40 1.99 4.1 1.95 3.94 1.69 4.32 1.63 3.90 1.74 1.601 0.173 0.14
Personal goal achievement 4.60 1.80 5.36 1.27 5.22 1.36 4.90 1.37 4.92 1.47 2.238 0.064 0.26
Competition 2.50 1.78 3.04 1.47 3.16 1.49 2.93 1.62 2.86 1.42 0.789 0.532 0.41
Recognition 2.80 2.01 3.14 1.30 3.14 1.38 2.89 1.26 3.25 1.32 1.253 0.287 0.32
Affiliation 3.30 2.23 3.42 1.63 3.28?2 1.65 3.60 1.54 4.382 1.70 2.849 0.023 0.25
Psychological coping 4.16 1.83 4.58 1.21 4.34 1.37 4.14 1.37 4.46 1.18 1.444 0.218 0.20
Life meaning 3.83 213 3.932 1.46 3.89 1.45 3.76 1.39 4.34 1.45 0.981 0.418 0.09
Self-esteem 4.53 2.23 5.21 1.12 4.72 1.42 4.592 1.36 5.18 1.56 2745 0.028 0.17

Between-group comparisons are shown in Table 3 with different superscripts (a, b). One mean is significantly different from another mean if they have different superscripts.
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TABLE 4 | One-way ANOVA of nine MOMS dimensions’ association with athletes’ marital status.

MOMS Single n = 108 Married n = 355 Divorced n = 30 F P d
M SD M SD M SD

Health orientation 5.30 1.43 5.49 1.23 5.69 1.05 1.458 0.234 0.03
Weight concern 4.36 1.72 4.07 1.39 4.25 1.63 1.274 0.281 0.14
Personal goal achievement 5.09 1.39 5.06 1.35 4.74 1.61 0.806 0.447 0.26
Competition 3.08 1.61 3.01 1.47 2.66 1.43 0.941 0.391 0.41
Recognition 3.17 1.38 2.99 1.28 2.76 1.45 1.402 0.247 0.32
Affiliation 3.56 1.69 3.50 1.57 3.50 1.84 0.060 0.942 0.25
Psychological coping 4.39 1.30 4.23 1.37 419 1.41 0.654 0.520 0.20
Life meaning 3.99 1.44 3.77 1.41 3.90 1.58 1.010 0.365 0.09
Self-esteem 4.84 1.38 4.69 1.39 4.70 1.46 0.506 0.603 0.17

goal achievement and competition were the main reasons for
participating among men.

Our results coincide partially with previous research, finding
an age effect with regard to the reasons for participating in
a marathon, with the motives associated with competition
being greater in younger athletes than in older runners
(Poczta et al, 2018; Nikolaidis et al., 2019). Likewise, in
our research, marathoners’ reasons for participating were
different depending on their age, with these results being
of greater importance alongside personal goal achievement
in younger athletes than in older ones, in line with Poczta
et al. (2018) and Nikolaidis et al. (2019). However, our
research showed that athletes’ reasons for participation also
differ statistically age-wise in health orientation, with more
concern about health being shown the older the runners
get, i.e, the youngest runners evidenced the lowest scores
or reasons for participating in this dimension, while it
gains importance as athletes get older. Weight concern was
also different according to athletes age, with the 36-50
age range of athletes showing the most concern about this
dimension. Conversely, personal goal achievement lessened in
importance as age rose, and affiliation also showed differences
among age ranges, with this dimension being of greater
concern as athletes get older. Self-esteem showed statistical
differences among age ranges, with a decreasing trend the
older athletes get. Therefore, our results are, to a great
extent, in line with previous results, showing, in general,
that younger athletes focus on results and personal reasons
for participating, while older runners focus more on meeting
other runners and social reasons or on health-related reasons
(Poczta et al., 2018).

Little research has been conducted linking runners
motivations and family context, although this is a very
important issue. Moreover, athletes’ motivations need to be
understood beyond psychological aspects, and social factors
need to be taken into consideration (Goodsell et al., 2013).
For many amateur runners, a marathon is a demanding
activity, and while being immersed in it, they enter the
running social world and undergo a process involving identity
transformation. This process encompasses immersion into
a zone that is often outside the partnership of marriage and

includes absorption into social networks that are unlimited
in time and place and, consequently, may jeopardize the
marriage (Shahid et al, 2016) - a reason why marital status
could be associated with athletes’ participation motives.
Within runners’ social context, marriage, marital status or
the birth of a child might have a great influence on athletes’
motivational aspects (Goodsell et al, 2013). Our results
showed that marital status, i.e., being married, divorced, or
single, was not significant in the case of any of the reasons
related to the MOMS dimensions. None of the reasons
identified by the MOMS showed significant differences when
the interaction between age, marital status, and sex was
taken into account. These results are in line with Goodsell
et al. (2013), as they did not find a statistically significant
relationship between marital status and the intention to run.
However, they did find a significant association in athletes
to continuing running (Goodsell et al, 2013). Lastly, based
on these results, marital status was not found to exert a
significant association in any of the motivations expressed
by marathon runners, after taking into account factors
such as sex or age.

However, these results need to be viewed carefully, since
they describe the reasons for participation in a marathon
within a specific social context, and the research was carried
out using a cross-sectional design that did not allow for
any causal inferences among the variables. Moreover, personal
variables such as type of job or health status and variables
such as the birth of a child or the number of children
in the family have not been taken into account within
the family context - these are some limitations of the
research. In future research, collecting data at different times
or moments would provide a wider view of the range
of athletes’ reasons for taking part in an endurance event
(Nikolaidis et al., 2018). Moreover, affiliations could be taken
into account from a cultural standpoint in future research
(i.e., religion, race), thus providing more specific information
associated with family and cultural context, in order to
help understand its relationship with athletes’ reasons for
running (Sodergren et al, 2008). However, analyzing the
variable of marital status can be considered a strength
of this research.
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TABLE 5 | Multivariate analysis comparing marital status and age range according to MOMS dimensions: comparison between women and men.

MOMS Male Female 02 F P
<18 19-25 26-35 36-50 51-70 <18 19-25 26-35 36-50 51-70
M SE M SE M SE M SE M SE M SE M SE M SE M SE M SE
Health Single 375 088 494 033 541 020 540 028 683 088 506 072 497 037 488 037 645 047 - - 0.010 1.149 0.333
orientation
Married - - 467 036 559 015 559 010 622 0.32 - - 550 041 494 020 569 017 500 0.88
Divorced - - 5.38 - 569 062 569 034 6.08 062 - - - - 466 088 583 051 650 1.24
Weight concern Single 1.88 1.18 436 045 433 027 426 038 575 118 442 097 505 051 395 051 461 063 0.007 2.372 0.497
Married - - 279 048 380 020 424 014 385 043 - - 433 056 387 027 449 023 137 1.18
Divorced - - - - 319 084 463 046 450 084 - - - - 475 118 392 068 350 1.68
Personal goal Single 358 095 519 036 527 022 521 031 533 09 528 078 512 041 462 041 450 0.51 - - 0.003 0.678 0.828
achievement
Married - - 568 039 541 016 507 011 473 0.35 - - 550 045 516 022 448 018 275 0.95
Divorced - - - - 441 067 459 037 617 0.67 - - - - 392 095 436 055 633 1.35
Competition Single 138 1.04 302 039 338 024 353 034 275 104 325 085 273 044 268 044 204 056 0.009 2449 0.344
Married - - 298 043 334 0417 316 012 288 0.38 - - 356 049 277 024 234 020 137 1.04
Divorced - - - - 331 074 219 041 387 074 - - - - 1.63 1.04 292 060 1.75 1.48
Recognition Single 167 092 309 035 326 021 348 030 383 092 356 075 306 039 297 039 262 049 - - 0.018 3.548 0.08
Married - - 278 038 315 015 29 011 337 034 - - 381 043 299 021 273 018 141 0092
Divorced - - - - 425 065 199 036 392 065 - - - - 209 092 314 053 133 1.30
Affiliation Single 159 112 348 042 372 025 374 036 6.00 112 445 091 356 048 259 048 336 0.60 0.013 3.851 0.189
Married - - 297 046 303 019 356 013 452 041 374 053 347 026 379 022 208 1.12
Divorced - - - - 417 079 279 044 446 0.79 225 112 442 065 3.17 1.58
Psychological Single 3.61 095 4.08 036 451 022 413 031 456 095 452 078 514 041 420 041 433 0.51 - - 0.005 1.15 0.637
coping
Married - - 430 039 4.02 0.16 402 011 467 035 - - 505 045 472 022 452 0418 317 0.95
Divorced - - - - 489 067 371 037 442 067 - - - - 494 095 439 055 389 134
Life meaning Single 3.08 100 351 0338 410 023 415 033 486 100 433 082 399 043 391 043 392 054 - - 0.009 2.034 0.408
Married - - 3.86 041 366 017 366 011 447 0.37 - - 463 047 383 023 390 019 214 1.00
Divorced - - - - 440 0.71 319 039 471 0.71 - - - - 314 100 474 058 429 1.42
Self-esteem Single 375 097 478 037 468 022 494 031 575 097 504 079 559 041 476 041 445 052 - - 0.020 4.45 0.052
Married - - 512 040 462 016 451 011 518 0.35 - - 556 046 487 022 482 019 282 097
Divorced - - - - 584 069 378 038 575 0.69 - - - - 388 097 517 056 6.63 1.37
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Motivation in Amateur Marathon Runner

According to this study, Polish amateur runners reasons
for participating in a marathon are different depending on
whether the athlete is male or female and on their being
younger or older, although marital status did not show any such
association. Our results suggest that sporting event organizers,
health promotion specialists, and coaches should consider how
female runners evidence statistically greater motivation than
men in personal and social dimensions such as psychological
coping, while men are more motivated with result-oriented
dimensions such as personal goal achievement, competition, and
recognition, in line with previous research (Waskiewicz et al.,
2019b). It is thus understood from these results that women
may gain more psychological benefits from running than men
(Reed and Gibbs, 2016).

CONCLUSION

In conclusion, this study shows that amateur runners sex
and age matter to a greater or lesser extent when it comes
to their reasons for participation. However, no relationship
was found between marital status and athletes’ motivational
dimensions. It would therefore be interesting for event
organizers to use this information when releasing or promoting
such sporting events as a marathon, in order to ensure
participants’ continued support for these types of competition
by meeting different participants needs and reasons for
participation.
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Use of Stroop Test for Sports
Psychology Study: Cross-Over
Design Research

Shinji Takahashi'™ and Philip M. Grove?

" Faculty of Liberal Arts, Tohoku Gakuin University, Sendai, Japan, ¢ School of Psychology, The University of Queensland,
St Lucia, QLD, Australia

Background: In sports psychology research, the Stroop test and its derivations are
commonly used to investigate the benefits of exercise on cognitive function. The
measures of the Stroop test and the computed interference often have different
interclass correlation coefficients (ICC). However, the ICC is never reported in cross-over
designs involving multiple variances associated with individual differences.

Objective: We investigated the ICC of the Stroop neutral and incongruent tests
and interference (neutral test—incongruent test), and reverse Stroop task using the
linear mixed model.

Methods: Forty-eight young adults participated in a cross-over design experiment
composed of 2 factors: exercise mode (walking, resistance exercise, badminton, and
seated rest as control) and time (pre- and post-tests). Before and after each intervention,
participants completed the Stroop neutral and incongruent, and the reverse-Stroop
neutral and incongruent tests. We analyzed for each test performance and interference
and calculated ICC using the linear mixed model.

Results: The linear mixed model found a significant interaction of exercise mode and
time for both the Stroop and reverse-Stroop tasks, suggesting that exercise mode
influences the effect of acute exercise on inhibitory function. On the other hand, there
was no significant effect of exercise mode for both the Stroop and reverse-Stroop
interference. The results also revealed that calculating both the Stroop and reverse-
Stroop interference resulted in smaller ICCs than the ICCs of the neutral and incongruent
tests for both the Stroop and reverse-Stroop tasks.

Conclusion: The Stroop and reverse-Stroop interferences are known as valid measures
of the inhibitory function for cross-sectional research design. However, to understand
the benefits of acute exercise on inhibitory function comprehensively by cross-over
design, comparing the incongruent test with the neutral test also seems superior
because these tests have high reliability and statistical power.

Keywords: inhibitory function, random effect, individuality, experimental design, statistical power
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INTRODUCTION

Several studies have demonstrated that exercise has beneficial
effects on brain structure and cognitive function (Colcombe et al.,
2006; Pedersen et al., 2009). For example, regular exercise can
increase brain volume of older people (Colcombe et al., 2006).
To elucidate the mechanism of how exercise affects the structure
and function of the brain, researchers have investigated intensity,
duration, and mode of exercise (Lambourne and Tomporowski,
2010; Voss et al., 2011; Chang et al., 2012). The Stroop task
(Stroop, 1935) which can measure the inhibitory function is
extensively applied in research (Etnier and Chang, 2009). The
Stroop task is commonly composed of a neutral test, a congruent
test, and an incongruent test. For the neutral and congruent test,
individuals are required to name the color of irrelevant letters
(e.g., XXXX), a color patch, or the corresponding color word (e.g.,
“Red” is printed in red ink). In the incongruent test, individuals
suppress reading the meaning of the word and respond to the
color of the ink which is not matched to the color name (e.g.,
“Red” is printed in blue ink). Typically, the incongruent test yields
a longer response time relative to both the neutral and congruent
test. The delay of the response in the incongruent test is called
“Stroop effect,” and it is associated with activation in brain regions
(e.g., prefrontal cortex, anterior cingulate cortex) associated with
the control executive function (Ruff et al., 2001; Zysset et al., 2001;
Song and Hakoda, 2015).

The reverse-Stroop task is a derivation of the Stroop task
employed to measure inhibitory function. During the reverse-
Stroop task, individuals are asked to respond to the word while
ignoring the color of the text rather than identifying the color
and ignoring the word. Although the reverse-Stroop task is
thought to measure inhibitory function as well as the Stroop task,
there are the results which the brain regions associated with the
reverse-Stroop task differs from those of the Stroop task (Ruft
et al.,, 2001; Song and Hakoda, 2015). The reverse-Stroop task
has been used by researchers to investigate how acute exercise
influences executive function (Tsukamoto et al., 2016a,b). These
studies have obtained large effect sizes with relatively small
samples, suggesting that the reverse-Stroop task is sensitive to the
effect of exercise.

Although the Stroop and reverse-Stroop tasks are adopted to
assess the inhibitory function, there is still debate around the
method of measurement (Scarpina and Tagini, 2017). Scarpina
and Tagini (2017) systematically reviewed studies in which used
the Stroop task, suggesting that researchers should report not
only test performance (e.g., reaction time or the number of
correct responses) but also the Stroop interference which is
defined as the difference between the neutral/congruent test and
the incongruent test. The neutral and congruent tests which
do not involve cognitive conflict are categorized as a test of
the information processing (Chang et al., 2012). Given that the
incongruent test might be affected by information processing
constraints, it seems that the interference which partials out
the contribution of information processing is a better index
than the incongruent test. Indeed, several studies reported that
the Stroop interference is associated with specific structures
of the brain, cortical activation, and psychological arousal

(Takeuchi et al,, 2012; Byun et al., 2014; Song and Hakoda, 2015),
suggesting that the interference is a valid and useful measurement
of the inhibitory function.

On the other hand, there is a possibility that incongruent
test performance is a better measure of inhibitory function
than interference in complex experimental research designs.
This is because the intraclass correlation coefficient (ICC)
associated with incongruent performance could be higher than
for interference (Siegrist, 1997; Strauss et al., 2005; Hedge et al.,
2018). Specifically, in cross-over or mixed designs (Barnhart
et al, 2007; Nakagawa and Schielzeth, 2010), higher ICC
enhances statistical power. Although a number of previous
studies investigated the reliability of the Stroop task using ICC
(Franzen et al., 1987; Kozora et al., 2004; Strauss et al., 2005;
Wallman et al., 2005; Portaccio et al., 2010; Mohammadirad et al.,
2012; Register-Mihalik et al., 2012; Bajaj et al., 2015; Martinez-
Loredo et al, 2017), the manners of the Stroop task and the
assessment of interference were varied and how to test ICC has
been not formatted yet (Parsons et al., 2019). Therefore, the ICC
about the Stroop task and its interference seems to has not been
adequately examined.

Previous studies involving test-retest designs revealed that
each test of the Stroop task showed a higher ICC, than Stroop
interference (Siegrist, 1997; Strauss et al., 2005; Hedge et al.,
2018). ICC is defined as the ratio of the variance between
participants and the sum of the between participants and the
residual variances (Shrout and Fleiss, 1979). Hedge et al. (2018)
also explained that calculating interference did not affect the
residual variance but it reduced the variance associated with
individual differences. In experimental research, the effect of
exercise on the inhibitory function may be masked due to low
ICC and statistical power. Therefore, the Stroop incongruent test
performance might be better suited to experimental research than
the Stroop interference.

If calculating the interference selectively reduces the variance
between participants, the ICC of the Stroop interference
might decrease more substantially in a cross-over design.
Test-retest research measures of the Stroop task involve only
two observations per participant. On the other hand, cross-
over designs involve at least four measures per participant
(e.g., experimental condition and control condition x pre-test
and post-test). Given that the positive impact of exercise on
the inhibitory function is small to medium (Lambourne and
Tomporowski, 2010; Voss et al., 2011), cross-over designs need
to enhance statistical power using measurements with high ICC.
However, to the best of our knowledge, no previous investigations
have reported ICC of the Stroop test performance and
interference for cross-over designs. Therefore, we investigated the
ICC of the Stroop task in a cross-over design investigating the
effect of exercise on inhibitory function.

One of the reasons why ICC in cross-over design research
has not been reported is concerned with statistical analysis.
The ICC is commonly calculated using the outputs of one- or
two-way analysis of variance (ANOVA) in which one factor is
participants. The ANOVA uses the moment method to estimate
variance components. This method cannot directly distinguish
the variance between participants and the residual variance. Even
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in a simple test-retest design with both between participants
variance and the residual variance as random effects, the moment
method cannot distinguish between the two variances. However,
the moment method estimates the between participants variance
by subtracting from the total random effects’ variance (the sum of
the variance between participants and the residual) to the residual
variance (Shrout and Fleiss, 1979). Therefore, this method can
yield a negative ICC when a sum of variance components of
individual differences is smaller than a residual variance, which
is substantially meaningless. This disadvantage is a challenge to
apply ANOVA in cross-over designs in which there are multiple
variances associated with individual differences.

To be able to calculate ICC in a cross-over design, Nakagawa
and Schielzeth (2010) and Hedge et al. (2018) suggest using
the linear mixed model (LMM), also known as a multilevel
model or a hierarchical linear model. The LMM, unlike ANOVA,
can estimate each parameter using maximum likelihood (ML)
or restricted maximum likelihood (REML), computing multiple
variances associated with individual differences separately from
the residual variance. Brouwer et al. (2012) and Demetrashvili
et al. (2016) demonstrated that the ICC can be calculated using
the LMM even in complicated research designs which have
multiple variances associated with individual differences. We
aimed to calculate the ICC for the Stroop task in a cross-
over design investigating an acute exercise effect on inhibitory
function and to consider the ICCs’ influence on revealing the
effect of acute exercises. We also calculated ICC of the reverse-
Stroop task. As described above, although the reverse-Stroop task
is a useful measurement, no previous reports have reported the
ICC for reverse-Stroop tasks.

We expected that individual tests will show higher ICCs than
the interferences for both of the Stroop and reverse-Stroop tasks,
and each test with higher ICCs may be more likely to reveal
the effects of exercises more than interferences. In this study,
we analyzed the dataset composed of a 4 x 2 cross-over design:
exercise mode 4 levels (walking, resistance exercise, badminton,
and seated rest as a control condition) x time 2 levels (pre-
and post-exercise).

MATERIALS AND METHODS

Participants

The sample size was calculated using power analysis for a one-
way repeated ANOVA with partial eta squared (n,%) of 0.05,
power (1-B) of 0.95, expected ICC of.50, and a at 0.05. This
analysis indicated the sample size was 43 adequate. Participants
consisted of undergraduate students from Tohoku Gakuin
University who volunteered to participate in the study. A total
of 48 healthy participants (25 men, 23 women) were included in
the final analysis. All participants were determined to be free of
any cardiopulmonary and metabolic disease and visual disorder.
The participants were asked to refrain from alcohol use and
strenuous physical activity for 24 h before each experiment, and
from smoking, food or caffeine consumption for 2 h preceding
the experiments. Written informed consent was obtained from
all participants before the first experiment. The Human Subjects

Committee of Tohoku Gakuin University approved the study
protocol. Table 1 shows the characteristics of the participants.

Procedure

Day 1

Participants were required to visit the sports physiology
laboratory in the gymnasium on five different days (average
interval, 4.5 & 1.6 days). During the first visit, each participant
received a brief introduction to this study and completed
informed consent. Their height and weight were measured
using a stadiometer and a digital scale, respectively. Next,
a Stroop/reverse-Stroop color-word test (Hakoda and Sasaki,
1990) was administered to familiarize participants with the test.
A fitness assessment that measured 10-repetition maximum
(RM) of 3 resistance exercises (chest press, seated row, and
leg press) and aerobic fitness (peak oxygen uptake: VO,peak)
was then conducted.

Day 2-5 Experimental Sessions

Laboratory visits 2 to 5 were experimental sessions. Participants
completed 4 treatment interventions (walking, resistance
exercise, badminton, and seated rest). To minimize the
learning effect on the Stroop/reverse-Stroop test, the orders
of experimental sessions were counterbalanced. We then
confirmed there was no bias between order and exercise mode
[x2(9) = 2.3, p = 0.985]. After arriving at the laboratory,
participants rested on a comfortable chair for 10 min, then
they wore a heart rate (HR) monitor (Model RS800cx;
Polar Electro Oy, Kempele, Finland). Before and after each
intervention, participants lay on a bed for 5 min to calm
their HR, then completed the Stroop and reverse-Stroop
test. HR was monitored throughout experimental session,
oxygen uptake (VO,) was also measured by a portable indirect
calorimetry system (MetaMax-3B; Cortex, Leipzig, Germany)
during each intervention for 10 min. HR and VO, were
averaged for last 7 min.

During the walking condition, walked briskly on a motor-
driven treadmill (O2road, Takei Sci. Instruments Co., Niigata,
Japan). The speed of brisk walking was set at 6.0 km-h~!.
Participants were instructed to walk at a brisk but comfortable
pace. However, none changed their speed, and all participants
completed the brisk walking at the initial speed. During the
resistance exercise, participants performed least two sets of 10

TABLE 1 | Characteristics of participants (Mean + SE).

Variables Total N =48) Men (N=25) Women (N =23)
Age (years) 20.5+0.2 20.7 £ 0.2 20.3+0.2
Height (cm) 165.6 £ 1.4 173.6 £ 0.8 156.8 £ 0.9
Weight (kg) 62.8 4 2.2 735+2.4 51.11.4
BMI (kg-m~2) 22.7 4+ 0.6 24.4 4+ 0.9 20.8+ 0.5
VOopeak (ml-kg="-min=T) 465+1.0 502 £1.2 426+£1.2
HRpeak (bpm) 196.2 £ 1.1 197.3+1.4 1949 +1.8
10-RM chest press (kg) 321+1.9 420+2.2 21.4+0.8
10-RM seated row (kg) 37.24+1.8 46.2 +£ 2.1 2754+ 0.9
10-RM leg press (kg) 70.8£4.0 93.0£3.9 46.7 £1.7
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repetitions at 10-RM for three exercises (chest press, seated
row, and leg press) using a series of machines (Life Fitness
Pro2 series models, Life Fitness, IL) in the gym adjacent to the
laboratory. Participants were given a 30 s rest between each
set and exercise. During the badminton condition, participants
played a singles game against one of three experimenters who had
experience in instruction of badminton in the arena adjacent to
the laboratory. The investigators played at a level of proficiency
that matched the participant’s level and also provided the
participants with advice for improvement during the games.
During the game, the scores were not recorded and “victory or
defeat” was not determined. During the control intervention,
participants were seated on a comfortable chair with their
smart phones and were instructed to spend time operating their
smartphones as normal.

Physical Fithess Assessment

Participants performed a graded exercise test on the motor-
driven treadmill. The initial speed was set 7.2-9.6 km-h~!
according to estimated physical fitness levels of each participant.
Each stage lasted 2-min and was increased by 1.2 km-h™! per
stage until volitional exhaustion occurred. VO, was measured
throughout the test (MetaMax-3B) and the average of the final
30 s was defined as the VO, peak. HR was monitored throughout
the test, and rating of perceived exertion (RPE) was taken at the
end of each stage.

To determine the load of the resistance exercise, 10-RM for
chest press, seated row, and leg press were measured using the
weight stack machines. After warm-up trials, following the advice
of an instructor, participants performed 10 repetitions at an
initial load selected by participant’s perceived capacity for the
3 exercises. After a 3 min rest, participants performed 10 more
repetitions at a load adjusted by the participant based on their
perception of the previous set. Participants selected the load
of the resistance exercise from one of the two sets closest to
the 10-RM.

Stroop and Reverse-Stroop Task

The Stroop/reverse-Stroop test is a pencil and paper exercise that
requires manual matching rather than oral naming of items. It
consists of four tests arranged in the following order: First is the
reverse-Stroop neutral test. Here, a color name (e.g., red) in black
ink is in the leftmost column and five different color patches (red,
blue, yellow, green, and black) are placed in right side columns.
Participants are asked to check the patch corresponding to the
color name. Second is the reverse-Stroop incongruent test. Here,
a color name (e.g., red) is written in colored ink (e.g., blue) in
the leftmost column and five different color patches are in the
right-side columns. Participants are instructed to check the patch
corresponding to the color name in the leftmost column. Third
is the Stroop neutral test. Here, a color patch (e.g., red) is in
the leftmost column and five different color names in black ink
are in the right-side columns. Participants are asked to check
the color name corresponding to the color patch in the leftmost
column. Forth is the Stroop incongruent test in which a color
name (e.g., red) written using a colored ink (e.g., blue) is in the

leftmost column and five color names in black ink are in the-
right side columns. Participants are instructed to check a word
corresponding to the color of the word in the leftmost column.
Each test consists of 100 items and the materials are printed
on an A3-size paper. Each test includes practice trails (10 items
in 10 s) that precede each test. In each test, participants were
instructed to check as many correct items as possible in 60 s.
We measured the number of correct responses in each test and
then calculated the Stroop- and reverse-Stroop-interferences by
subtracting the number of correct responses in the incongruent
test from those in the neutral test. Hakoda and Sasaki (1990)
recommended the interference ratio (incongruent test score—
neutral test score/neutral test score) because the value of the
difference between the neutral test score and the incongruent
test score for the inhibitory function varies depending on the
neutral test score when investigating inhibitory function in a
cross-sectional study. However, we employed the interference
(incongruent test score—neutral test score) for two reasons. One
reason is that both the interference and the interference ratio are
substantially equal in a well-controlled longitudinal study that
compares the inhibitory function changes over time-course. In
practice, we confirmed that there were extremely high correlation
coeflicients between the interference ratio and the interference
divided into each exercise mode and time (pre-, and post-test)
(Reverse-Stroop task: r > 0.937; Stroop task r > 0.978). The
other reason is that several previous reliability studies used the
interference (Strauss et al., 2005; Hedge et al., 2018; Parsons
etal., 2019). Therefore, we feel the interference can provide more
relevant information than the interference ratio.

Statistical Analysis

All measurements were described as group mean =+ standard
error. Statistical analyses were conducted using IBM SPSS 25
(SPSS Inc., Chicago, IL, United States). To examine the exercise
intensity of each intervention, %VO;peak and %HRmax were
compared by the LMM with exercise mode as a fixed effect
and participant as a random effect. A significant main effect of
exercise mode was followed up with the Bonferroni method.

To calculate the ICC of the performance of each the Stroop,
reverse-Stroop test, and the interferences throughout the whole
of interventions, the following statistical model in the LMM
was used.

Yiik = W+ o + B + (@B)jk + bi + (bo)ij + (bB) ik + eiji

where, y;j is the number of correct responses in each test or the
Stroop or reverse-Stroop interferences of participant i = 1,..., I
observed in the exercise mode j = 1,.. ., J at time point k= 1,.. ,
K, with p the grand mean, o; the fixed effect of the exercise
mode, By the fixed effect of time, (af)j the fixed effect of the
interaction of exercise mode and time, b; ~ N(0, opz) the random
effect of participant, (ba); ~ N(0, cpmz) the random effect as
the interaction of participant and exercise mode, (b8);x ~ N(0,
O‘p[2) the random effect as the interaction of participant and
time, and e; ~ N(0, 0.%) the residual. The REML was used
to estimate parameters. The structure of the random effects
was assumed as variance components. Following the manner by
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Brouwer et al. (2012) and Demetrashvili et al. (2016), the ICC was
calculated by following equation.

2 2 2
Op + Opm T Ot

ICC =
GI% + 012,,,, + O;Zn + o2

In Equation 2, the numerator is a sum of the random effects
concerned with individual differences, and the denominator
is the sum of the random effects and the residual variance.
If individual performance is consistent throughout the whole
experiment, the ICC should be high. We then calculated a
95% confidence interval of the ICC using the F-approach by
Demetrashvili et al. (2016). Based on Shrout (1998), we assessed
ICCs as follows: “substantial” is 0.81-1.00; “moderate” is 0.61-
0.80; “fair” is 0.40-0.60; “slight” is 0.10-0.40; “virtually none”
is 0.0-0.10. To investigate the fixed effects, if the interaction
(exercise mode x time) was significant in the LMM model,
another LMM model, in which a fixed effect is exercise mode and
a random effect is participant, and the Bonferroni methods were
conducted for pre-test and post-test, respectively.

RESULTS

Intensity of Interventions

Table 2 represents intensities of each intervention. The results
of the LMM for %VO,peak and %HRpeak revealed significant
main effects [F(3, 141) > 276.2, p < 0.001], badminton
showed significantly higher %VO,peak and %HRpeak than other
interventions (p < 0.001, Cohen’d > 1.59). The seated rest
showed significantly lower %VO,peak and %HRpeak than the
other interventions (p < 0.001, Cohen’d > 3.53). Differences of
%VO,peak and %HRpeak between the walking and resistance
exercise were not significant (p > 0.056, Cohen’d < 0.438).

Fixed Effects on Cognitive Performances

Table 3 represents each test performance and interference
across exercise mode and time. The LMM showed significant
interactions for the reverse-Stroop neutral test [F(3, 141) = 3.9,

TABLE 2 | Intensities of each intervention (Mean + SE).

Variables Intervention Mean + SE
%VOspeak (%) Walking 452 +1.42
Resistance exercise 41.3+£1.02

Badminton 74.3 £ 1.6%0.C

Control 9.9 + 0.3>cd
%HRpeak (%) Walking 60.2 +£1.32
Resistance exercise 64.3 +£1.42

Badminton 79.2 + 1,320

Control 35.4 + 0.6°¢d

aSignificant difference from Control, p < 0.05 adjusted by Bonferroni method.
bS/gn/ﬁcant difference from Aerobic exercise, p < 0.05 adjusted by Bonferroni
method.

CSignificant difference from Resistance exercise, p < 0.05 adjusted by Bonferroni
method.

9dSignificant difference from Badminton, p < 0.05 adjusted by Bonferroni method.

p = 0.010] and the Stroop incongruent test [F(3, 188) = 5.5,
p = 0.001]. Results of the post hoc analysis indicate that while
no main effects of exercise mode were revealed on pre-test for
both of the reverse-Stroop neutral and Stroop incongruent test
[F(3, 141) < 0.3, p > 0.814], significant main effects of exercise
mode were found on post-test for both the reverse-Stroop neutral
test and Stroop incongruent test [F(3, 141) > 3.2, p < 0.026].
Badminton significantly enhanced performance of the reverse-
Stroop neutral test (p = 0.018, Cohen’s d = 0.378) and the Stroop
incongruent test (p = 0.006, Cohen’s d = 0.369) relative to control.
For the reverse-Stroop incongruent and Stroop neutral tests,
although there were no significant interactions [F(3, 188) < 2.0,
p > 0.111] and main effects of exercise mode [F(3, 141) < 1.7,
p > 0.161], main effects of time were significant [F(3, 188) > 22.3,
p < 0.001]. For the Stroop and reverse-Stroop interferences, main
effects of exercise mode [F(3, 141) < 0.9, p > 0.425] and time [F(1,
47) <2.0,p > 0.162], and interactions [F(3, 141) < 2.4, p > 0.067]
were not significant.

Random Effects on Cognitive

Performances

When the LMM were conducted for the Stroop and reverse-
Stroop tasks, it appeared that the variance of the random
interaction of the participant and time gradually transited to
the random effect of the participant. Finally, the variance of
the random interaction of the participant and time calculated
as 0.0, indicating that the covariance parameter was redundant.
Yamazaki et al. (2018) reported that individuals with a
lower performance before exercise tend to increase greatly
in performance after exercise. The results of Yamazaki et al.
(2018) implies that there might be a multiple co-linearity
between the random effect of the participant and the random
interaction of the participant and time. The multiple co-linearity
might cause redundant random interactions. Therefore, we
modified the model by removing the redundant parameter
from the models.

Figure 1 shows each random effect and the residual across
each test condition. For the Stoop and reverse-Stroop task,
while there were no differences in the residual in all of the
indices, random effects in the interferences became much
smaller than the neutral and incongruent test. Table 4 shows
the ICC for each test and interference. The ICCs of all tests
were more than “moderate” ICCs (ICC > 0.745). Notably,
reverse-Stroop neutral test, Stroop neutral test, and Stroop
incongruent test showed “substantial” ICC (ICC > 0.833). On
the other hand, the ICCs of both the reverse-Stroop interference
(ICC = 0.392) and the Stroop interference (ICC = 0.362)
were “slight” ICC.

DISCUSSION

This study investigated ICCs of the Stroop and reverse-Stroop
tasks in a cross-over research design. The main finding of
this study was that different results were found in the Stroop
tests and interference. There was the significant interaction
of exercise mode and time for the Stroop incongruent test,
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TABLE 3 | Each test of the Stroop and reverse-Stroop tasks (Mean + SE) across exercise modes and time.

Task Exercise mode Neutral test Incongruent test Interference
Pre-test Post-test Pre-test Post-test Pre-test Post-test
Stroop task Walking 543 £ 1.1 56.5+ 1.0 50.5+1.2 52.6 +£1.2 3.7+05 3.9+07
Resistance 53.9 +1.1 57.3+1.0 50.4 +1.3 52.7 £1.1 3.4 +05 4.7 +0.7
Badminton 547 £11 57.7+£0.9 50.3+1.2 54.8 £1.1* 4.4+0.7 29+0.7
Control 542 +1.0 55.7 £ 1.1 50.1+1.2 51.8+1.2 4.2+07 3.9+06
Reverse-Stroop task Walking 749 +1.2 77.6+1.2 61.6+1.2 62.6 +£1.2 18.4+£0.7 150+ 1.0
Resistance 745+1.3 782+12 61.5+1.2 64.4+1.4 13.0+0.9 138+ 1.0
Badminton 755+1.2 79.56 +1.1* 62.5+1.0 65.2+1.2 18.0+0.7 14.4+1.0
Control 755 +1.4 76.5+1.2 60.5+1.3 62.2 +£1.3 15.0+ 0.9 143+0.8

*Significant difference from Control in pre- and post-test each, p < 0.05 adjusted by Bonferroni method.

A Stroop task BResidual ~ OParticipant ~ OParticipant x exercise mode  BParticipant X time
80
60
5]
Q
g
& 40
<
>
20
L . —
Neutral test Incongruent test Interference

B Reverse-stroop task BResidual O Participant O Participant x exercise mode OParticipant X time

80

60

40

variance

20

.

Neutral test Incongruent test Interference

FIGURE 1 | Comparison of variances concerned with participants individuality and the residual variance for the Stroop task (A) and the reverse-Stroop task (B).
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TABLE 4 | The intraclass correlation coefficients (ICCs) and 95% confidence
intervals (95% Cl) for each test and interference.

Test/Interference ICC (95% CI)

Stroop neutral test 0.833 (0.761-0.882

Stroop incongruent test 0.901 (0.856-0.931
Stroop interference
Reverse-Stroop neutral test 0.846 (0.782-0.890

0.745 (0.661-0.810
0.392 (0.247-0.527

)

)

0.362 (0.213-0.504)

)

Reverse-Stroop incongruent test )
)

(
(
(
(
(
(

Reverse-Stroop interference

while the LMM did not reveal a significant interaction for the
Stroop neutral test. The post hoc analysis for the incongruent
test revealed that the badminton selectively enhanced the
incongruent test performance compared with the control,
suggesting that the effects of acute exercise on inhibitory
function are influenced by exercise modes. The results that
the badminton, which is a hard intensity and open-skilled
exercise, improves cognitive functions more than a light intensity
and closed-skilled exercise agree with the results of systematic
reviews (Chang et al, 2012; Gu et al., 2019). There were also
large random effects associated with participants comparing
with the residual variance for the Stroop tests. The large
random effects and small residual yielded “substantial” ICCs
throughout the whole experimental procedure, suggesting that
the Stroop tests are highly reliable measures for cross-over
design researches.

In contrast to the Stroop tests, the LMM did not reveal
fixed effects concerned with exercise modes on inhibitory
function for the Stroop interference. The Stroop interference
also showed much lower ICC relative to both the Stroop
tests. These results suggest that calculation of the interference
might attenuate the individual differences as the numerator
of ICC, resulting in low reliability and statistical power.
Given these results, for cross-over design investigating how
acute exercise benefits inhibitory function, analyzing the
performances of the Stroop neutral/congruent and incongruent
tests separately and comparing their changes might be a
better approach than calculating and analyzing the Stroop
interference. The Stroop interference is known as a valid
measure for inhibitory function for cross-sectional studies
(Takeuchi et al,, 2012; Byun et al, 2014; Song and Hakoda,
2015; Fagundo et al., 2016; Scarpina and Tagini, 2017).
However, because of the possibility of low reliability and
statistical power with the Stroop interference, employing
Stroop interference as a dependent variable could reduce
the likelihood of finding the effects of exercises for cross-
over design study.

The reverse-Stroop test showed different results from the
Stroop tests about the fixed effects. While the LMM found a
significant interaction of exercise mode and time for the neutral
test, there was no significant interaction for the incongruent test.
We also did not find significant effects of exercise mode, time
and interaction for reverse-Stroop interference. These results
suggest that there is no effect of acute exercise on inhibitory
function measured by the reverse-Stroop task. We expected that

the reverse-Stroop task would be more sensitive to an effect of
acute exercise because the previous studies (Tsukamoto et al.,
2016a,b) showed that the reverse-Stroop incongruent test and the
reverse-Stroop interference were significantly enhanced by acute
exercises. There is a possibility that the different measurement
methods between the previous studies and the present study
seems to cause different results. The previous studies (Tsukamoto
et al, 2016a,b), employing small sample sizes (N = 12 and
N = 10, respectively), measured the Reverse-Stroop neutral
and incongruent tests by a computerized test. They found
large significant effects of acute exercise on the Reverse-Stroop
interference ratio. Although the effect sizes for the previous
studies (e.g., Cohen’s d or partial n square) were not reported,
considering the small sample size, we expected that the Reverse-
Stroop tests would be more sensitive to the effect of acute exercise.
However, in spite of the relatively large sample size (N = 48),
unexpectedly, the LMM did not reveal any effects of exercise on
the Reverse-Stroop tests measured by a pencil and paper method
in the present study. Given that the effect of exercise on the Stroop
tests in the present study is similar to the systematic reviews
(Chang et al, 2012; Gu et al, 2019), the difference between
computerized test and pencil and paper test might be a critical
factor in the Reverse-Stroop task.

Although the LMM showed differences in fixed effects among
the Stroop and reverse-Stroop tests, Random effects and ICCs
for the reverse-Stroop tests were similar to the Stroop tests.
The neutral test and incongruent test for the reverse-Stroop
task showed larger random effects concerned with individual
differences relative to the residuals, resulting in more than
“moderate” ICCs. The results suggest that the two reverse-Stroop
tests are reliable measurements as well as the Stroop tests. The
changes of random effects for the reverse-Stroop task from each
test to the interference were also similar to the Stroop task. For
the reverse-Stroop interference, random effects concerned with
individual differences vastly decreased compared with those of
the neutral and incongruent tests. Still, the residuals did not
much differ from each test to the interference. This discrepancy
of changes for random effects and residual seems to be the
leading cause of the low reliability of the interferences for the
cross-over design.

The comparison of each variance across tests and interferences
revealed that the main reason for reduced ICC for the
interferences was due to the reduction of random effects
concerned with individual differences. These results strongly
support our hypothesis that the Stroop and reverse-Stroop tests
show higher ICCs than the interferences. Given the small to
moderate effect of exercise on cognitive function (Lambourne
and Tomporowski, 2010; Voss et al, 2011), experimental
studies investigating how exercise benefits inhibitory function,
employing the interferences for the Stroop and reverse-Stroop
tasks with low reliability as a dependent variable might mask
the significance of the effect of an acute exercise. The Stroop
and the reverse-Stroop incongruent test appear to be affected
by inhibitory function and information processing. Therefore,
interference that partial out the influence of information
processing by subtracting the neutral/congruent tests from the
incongruent test might be a reasonable method of assessment.
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Indeed, substantial cross-sectional studies employed interference
to investigate the association between interferences and brain
structure or behavioral measurements (Takeuchi et al., 2012;
Fagundo et al,, 2016; Peven et al, 2018). However, several
experimental studies which detected a selective effect of
interventions on inhibitory function have used the incongruent
test as the dependent variable (Ferris et al., 2007; Nouchi et al.,
2013; Ishihara et al, 2017). The results of this study might
explain why the previous experimental studies used the Stroop
or reverse-Stroop incongruent test not but interference. It seems
that interference with “slight” ICC is not sensitive to the impact
of exercise or any factors (i.e., time ore learning effect). Given
more than “moderate” ICCs of the neutral and incongruent tests
for the Stroop and reverse-Stroop tasks, analyzing the neutral
and the incongruent tests, respectively, and comparing outputs
of the analyses for both of the Stroop tasks also might be a better
approach to understand comprehensively how acute exercise
works on inhibitory function.

LIMITATION

One notable difference between the present study and previous
research is in the measurement method. We used a paper
and pencil matching test to measure each performance of the
Stroop and reverse-Stroop task, showing that the calculation of
interference for the Stroop and reverse-Stroop tasks decreases
the ICC and might mask the fixed effects in cross-over design
research. These results and our interpretation correspond to
most of the previous studies that measured the Stroop and
reverse-Stroop tasks in their experiments. Other studies were
detected the fixed effects by analyzing the Stroop interference
(Hyodo et al, 2012; Byun et al, 2014) and reverse-Stroop
interference (Tsukamoto et al, 2016ab). Particularly, the
difference in measurement methods might selectively influence
the performance of Reverse-Stroop tasks. As described above,
we had expected that Reverse-Stroop tasks would be sensitive to
exercise based on previous studies (Tsukamoto et al., 2016a,b)
that showed the Reverse-Stroop performance measured by a
computerized test is extremely sensitive to exercise. However,
we did not find any effects of exercise on the Reverse-Stroop
tests in the present study. This inconsistency between the present
study and previous studies might be due to differences between a
computerized test and a pencil and paper test. There are fewer
studies that have used Reverse-Stroop tasks relative to Stroop
tasks, so that we could not interpret that inconsistency about
Reverse-Stroop tasks. Therefore, other measurement methods,
such as a computerized test or an oral test, might change the
influence of calculation of the interference on the ICC. To
clarify an interaction between test manners and types of cognitive
function, further studies would be needed in the future.

CONCLUSION

In conclusion, the performance of each neutral and incongruent
test for the Stroop and reverse-Stroop tasks has a high ICC

while calculating the interference decreases ICC in cross-
over design research. We have shown that the cause of
the decrease of ICC is the reduction of variances associated
with individual differences. The interference for the Stroop
and reverse-Stroop tasks are valid indices for the inhibitory
function. However, to investigate the effect of exercise on the
inhibitory function with adequate statistical power in cross-
over design research, researchers should also draw attention
to incongruent test performance for the Stroop and reverse-
Stroop tasks.
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