INSTITUTIONEN FOR
TILLAMPAD IT

GOTEBORGS
UNIVERSITET

Examining core executive functions related
to playing position in elite and semi-elite
soccer players

Gronlund, Juulia
Ahlén, Agneta

Kandidatuppsats 15 hp

Amne: Kognitionsvetenskap

Niva: Grundniva

Ar: 2023

Handledare: Martyna Galazka
Examinator: William Hedley Thompson

Rapport nr: 2023:052






Titel

Skillnader i exekutiva funktioner relaterade till spelposition i fotboll pa elit- och se-

mielitniva
Sammanfattning

Exekutiva funktioner sasom arbetsminne, impulskontroll och kognitiv flexibilitet
ligger till grund for att kunna ta in information, bearbeta denna och fatta beslut.
Dessa funktioner har foreslagits vara extra viktiga inom fotboll da det &r en kom-
plex sport som staller krav pa att ta in och bearbeta stora méangder information, ana-
lysera och fatta snabba beslut. Tidigare studier har visat att testresultat som méter
olika exekutiva funktioner korrelerar med framgang i fotboll. Baserat pa forslag
fran tidigare forskning amnar denna studie att undersoka om det finns indikationer
pa att olika spelpositioner i fotboll kan ha olika exekutiva profiler. Genom ett on-
line-experiment méttes impulskontroll, korttidsminne och kognitiv flexibilitet med
testerna Simon task, Corsi block tapping task och alternate task switching. Delta-
garna var 71 fotbollsspelare (kvinnor n = 61, man n = 10) pa elit- och semielitniva
som delades in i grupper baserade pa spelposition; Forsvarare (n = 27), Mittfaltare
(n = 22) och Forward (n = 22). Resultatet visade inga statistiskt signifikanta skill-
nader mellan grupperna pa nagot av testerna. Studien fann inget stod for hypotesen
att olika spelpositioner skulle ha olika exekutiva profiler. Eftersom hypotesen testa-
des med hjalp av ett online-experiment sa finns det manga faktorer som skulle
kunna ha paverkat resultatet vilka diskuteras mer ingaende i rapporten. Framtida
studier skulle behova ett storre urval for att sakert kunna dra slutsatsen att spelpo-
sitionerna inte skiljer sig &t i exekutiva profiler och andra testmetoder skulle kunna

vara ett alternativ for att forsoka fanga mer sportspecifika situationer.

Nyckelord

Exekutiva funktioner, fotboll, kognitiv flexibilitet, arbetsminne, impulskontroll



Abstract

Each moment in the soccer field is different and the players need to be able to pro-
cess large amounts of information to make the best possible decision and then act
upon it. Executive functions such as working memory, inhibitory control and cog-
nitive flexibility can therefore be seen as fundamentally important for soccer play-
ers. Previous studies have shown a correlation between executive functions and
success in soccer. It has also been shown that elite and semi-elite soccer players
perform above the norm in standardised tests for executive functions. Research in
the area has suggested that different playing positions in soccer might benefit from
having different cognitive profiles. This study is aiming to explore if there are any
differences in performance between the playing positions on three tasks that were
measuring working memory, inhibition, and cognitive flexibility. An online-experi-
ment was conducted and the tasks used were Simon task, Corsi block tapping task
and alternate task switching. The participants were 71 elite and semi-elite soccer
players (female n = 61, male = 10) that were grouped based on their current playing
position; Defenders (n = 27), Midfielders (n = 22) and Forwards (n = 22). None of
the three dependent variables showed any statistically significant differences be-
tween the groups. The future studies should keep studying further the possible dif-
ferences on executive functions between playing positions with a larger sample size

and more complex method choice.

Keywords

Executive functions, soccer, cognitive flexibility, working memory, inhibition



Preface

All aspects of the work were planned and conducted in close cooperation and both

authors of this thesis contributed equally in all parts of the report.

We would like to give special thank you to Martyna Galazka, who has guided us
throughout the research process with her experience and gave valuable feedback

for the report.

Pelaajayhdistys (national player association) proved their support for athlete's dou-
ble careers, and we want to thank them for using their resources to help us to reach
soccer players throughout Finland. Their work with helping and thriving to help
soccer players both on and outside of the field is admirable, and we are forever
grateful that they took the time to understand our ideas and shared the enthusiastic

attitude towards our project.



Table of Contents

R 101 oo [0 Tox 1 To o OSSR
2 BaCKGrOUNG.......ccueiiice et nae e
2.1 Executive functions in athletes ...
2.2 Executive functions and game intelligence ..........cccccooviiiiiiicicnenn,
2.3 Core eXeCULIVE TUNCLIONS .......cveieieieiie s
2.4 Executive profiles for each playing poSition ..........ccccocoviiiiiiiiiicnenn,
2.5 PUIMPOSE. ...
3 MEINOM. ... e
3.1 EthICS SALEMENT .....eiceiiceee e
3.2 PAMTICIPANTS. ...t
3.3 DTS o SRS
34 Y T PSSR
341 QUESTIONNAITE ...c.veeiieiieieeie ettt e e eneesreeee e
34,2 SIMON TASK....eiuiiieiieiiiseeee ettt
3.4.3 Corsi block tapping task ..o
3.4.4  Alternate task SWItChING.........cccooiiiiiiiiii e,
35 PIOCEAUIE ...ttt sttt sttt
3.6 Statistical ANAIYSIS........ccveiiiieiiece e
A RESUILS .ottt ettt ra e nne et aneenne e
4.1 SIMON TASK. ..ttt
4.2 Corsi block tapping task .........cccecviieiieiicc e,
4.3 Alternate task SWITCNING........ccoiiiiiiiiiiiee e,
4.4 Additional @NAlYSIS ........covviieiiiieiie e
441 LeagUe IEVEL......c.ooeeee e
4.4.2  SUDJECTIVE POSITION.....cuiiiiiiiiiiiciee et
D o011 (0] o PSSR
5.1 RESUITS. ..ttt
511 INNIDITION...c.iiiiee e
5.1.2  WOrKIiNG MEMOIY ....ooiiiiiiiieiie ettt ettt sree e
5.1.3  Cognitive FIeXIDIItY ........ccooiiiiiiiiii e
5.1.4  DeSign fIUBNCY ....ocvoiiiiiiiiiiceee e
5.2 LIMITATIONS . e
5.3 FULUIE TESEAICH ...t e



6
7
8

Conclusion
References
Appendices



1 Introduction

Executive functions can be seen as an umbrella term for several mental processes
that are important for regulating behavior and to achieve desired goals (Goldstein
& Naglieri, 2014). It involves abilities that are important for directing attention,
planning and decision making. All these cognitive skills become extremely im-
portant when considering the requirements for elite athletes especially in team
sports. The athletes must often be able to take in large amounts of information from
each moment, process it in the brain extremely fast, make a decision and then act
upon it flawlessly. Soccer players give a perfect opportunity to investigate execu-
tive functions in sports, because the game requires a lot of these mental capacities.
On the field there are 11 players in each team, a lot of rules and additional chang-
ing factors, such as weather and field conditions, that need to be considered when
trying to score a goal. The games themselves are long (90+ minutes), and to be able
to perform at best possible level, the players need to have stability and durability
both physically and mentally. The physical requirements, however, are flexible and
there is not an optimal body type in soccer in the same sense as in many other
sports. Considering all these factors, soccer can be seen as a sport that is highly de-
pendent on an individual’s brain functioning (Vestberg et al., 2018). Executive
functions have been studied widely among athletes and also in soccer players, but
no comprehensive studies about possible differences between playing positions
have been done. The roles of defenders, midfielders and forwards differ a lot on the
field and the actions that a player in each of these roles performs repeatedly re-
quires different cognitive skills. It has been suggested that successful soccer play-
ers in each of these playing positions might benefit from different cognitive pro-
files (Vestberg et al., 2017), and further studies should be made to map these out.
The purpose of this present study is to investigate if there are any differences in ex-
ecutive functions between playing positions. To be “an intelligent player” can be

seen as one of the biggest strengths that a player can have and this study is



hopefully helping to understand better what a soccer legend Johan Cruyff might

have meant by saying:

“You play football with your head, and your legs are there to help you” - Johan
Cruyff



2 Background

2.1 Executive functions in athletes

Diamond (2013) describes how executive functions can be divided into core execu-
tive functions and higher-level executive functions. Core executive functions con-
tain working memory, cognitive flexibility, and inhibitory control. Higher level ex-
ecutive functions include reasoning, problem solving and planning and are building
on the foundation of core executive functions.

Executive functions can be seen especially important in open-skill sports
(eg. tennis, soccer) that can be defined as having high cognitive demand due the
external paced nature and continuously changing environment (Koch & Krenn,
2021). Closed-skill sports, in the other hand, are defined as self-paced sports with a
stable and predictable environment (eg. running, swimming). When comparing
elite athletes in these two types of sports, the same authors found open-skill ath-
letes perform statistically significantly better in tasks measuring working memory
and cognitive flexibility. Overall when investigating cognitive skills in high-perfor-
mance athletes, the categorisation has often been done regarding the competition
level and in this sense elite athletes are defined as athletes who compete in the
highest competitional stage of their respective sport (Scharfen & Memmert, 2019).

Executive functions seem to correlate with success in soccer which has
been shown in previous research. When studying performance on tests of executive
functions and the success two seasons later, measured in the numbers of goals and
assists, there was a significant correlation (Vestberg et al., 2012). Another study
showed that test results measuring executive functions in young players could pre-
dict future success in soccer (Vestberg et al., 2017). However, measuring success
as the number of goals and assists does not capture success for a defender, since in
that role the player does not score goals and assists in the same sense. Another way
of trying to describe success in soccer has been to measure game time, as in the

amount of time a player spends on the field. This assumes that a good player gets a



lot of time on the field. When measuring success as game time, it also showed cor-
relations with executive functions (Scharfen & Memmert, 2021).

2.2 Executive functions and game intelligence

Game intelligence is a widely used term in the soccer world to describe a player's
ability to read the game and quickly adapt to changing situations (Wein, 2004), and
should not be confused with any other definitions of intelligence. Relevant for this
study is not to discuss whether game intelligence relates to general intelligence, but
instead adopt the view that the definition of game intelligence can be seen closely
related to executive functions (Vestberg et al., 2018). According to them, game in-
telligence is defined as the player's ability to perceive what is happening on the
field, how the player analyses this information and then acts based on it. On a soc-
cer field this means skills such as choosing the right solutions of many possible
ones, using the opponents' weaknesses to one’s own advantage, being at the right
place at the right time, or appropriately time the tackle or passing at the exact right
moment.

Previous studies have investigated if soccer players results in tasks measur-
ing executive functions correlates with game intelligence (Vestberg et al., 2020;
Scharfen et al., 2021). Game intelligence in these studies have been assessed by
asking teams head coaches to judge a player’s game reading skills compared to the
average level of the respective league. Both studies showed correlation between
game intelligence rated by coaches and results in tasks measuring executive func-
tions. Many of the studies on executive functions and sports have focused on study-
ing the three core executive functions; inhibition, working memory and cognitive
flexibility (Verburgh et al., 2014; Koch & Krenn, 2021; Krenn et al., 2018). The
present study focuses on the same core executive functions and they will be de-

scribed more in detail below.

2.3 Core executive functions

Inhibitory control is involved in the processes needed to control attention, behav-
iour, thoughts, and emotions (Diamond 2013). There are several different types of



inhibition such as motor inhibition, cognitive inhibition, interference control and
behavioural inhibition (Nigg, 2000). For this study we will focus on interference
control at the level of perception which could be defined as the ability to suppress
attention to irrelevant stimuli while selectively focusing on the task at hand (Dia-
mond, 2013).

Inhibitory function has been hypothesized to be especially important in soc-
cer since the players frequently need to suppress impulses to act due to rapid
changes of the circumstances in the field, such as the ball and other players’ posi-
tions (Verburgh et al., 2014; Huijgen et al., 2015). Vestberg et al. (2018) describes
how response inhibition is important in many ways on the soccer field. When a for-
ward from the opposite team is approaching to score a goal, the defender needs to
pay attention and read the body language of the opponent. In this situation the men-
tal ability to inhibit interfering stimuli that is going on around is important to direct
the attention to the opponent. It is also very important to be able to inhibit motor re-
sponse to the movement of the opponent who is most likely going to try to deceive
the defender. If the forward is pretending to go left but at the last second goes right
instead, the defender has to have a well-developed ability to inhibit the first re-
sponse to follow and respond to the subsequent movement. Vestberg et al. (2018)
argues that the inhibitory function could be the most important executive function
for the defender. A forward on the other hand is many times in situations where ex-
tremely fast decisions are required and could possibly be benefited by a less devel-
oped ability for response inhibition. The primary task for the forward is to score a
goal and in situations where you have only a millisecond to decide on what action
to take, an inhibition of action and change of direction could mean that you missed
the opportunity to score.

Working memory is defined as a system that allows people to hold infor-
mation in mind and mentally work with it even though it is no longer perceptually
present (Diamond, 2013). It is described as something that allows humans to make
sense of anything that unfolds over time. Examples of such tasks are: making sense
of written and spoken words, translating instructions into action plans, updating
those plans, seeing relationships between items or ideas, and combining conceptual

knowledge with perceived information.



Verburgh et al. (2014) hypothesized that working memory might be im-
portant in soccer to be able to keep in mind positions and different possible strate-
gic choices. Vestberg et al. (2018) suggested that for a soccer player the capacity of
working memory is crucial, because it allows the player to keep useful information
about the game in mind together with analyzing the new information quickly and to
make decisions based on that. To make a successful move or decision on a field a
player needs to consider the opponent’s skills, the weather, what the coach has told
to focus on the tactical side and what the teammates are instructing at the moment.
A large portion of information comes from long term memory, from similar situa-
tions in the past, or more recent knowledge from what happened in the game
minutes ago. The speed of the game, however, requires a player to take in new in-
formation all the time and combine it with the already existing knowledge. A
player must also decide what is the most important information to take into account
in each moment. Vestberg et al. (2018) argues that midfielders need to have better
working memory capacity than the player in other positions, because the game is
happening all around them, and the information comes from many different direc-
tions.

Cognitive flexibility can be defined as the ability to switch thinking or be-
havioral response according to environmental context or appropriate stimuli (Scott,
1962). According to Diamond (2013), cognitive flexibility makes changing per-
spective spatially or interpersonally possible and allows behavior to be flexible
when sudden or unexpected situations appear.

The environment of soccer is described as fast changing with high require-
ments to adapt quickly to new demands, situations and priorities and players need a
high level of cognitive flexibility (Huijgen et al., 2015). Cogpnitive flexibility can be
seen as an important feature of game intelligence and Vestberg et al. (2018) de-
scribes how it is one of the most important abilities for soccer players in elite level.
On a soccer field it is necessary to be able to shift focus between different objects
quickly and a player needs to know what is happening both behind, and in front all
the time. External factors such as the weather and the quality of the grass makes
each moment unique and adds requirements for players' ability to be aware of all of

this and to be able to choose the best possible action at a given moment. Vestberg



et al. (2018) argues that cognitive flexibility is relevant for each playing position,
but especially forwards need to have high levels of this ability. Together with the
ability to search information on the field, forwards need cognitive flexibility to

consider more factors, analyse these and make a correct decision faster than what

defenders or midfielders do.

2.4 Executive profiles for each playing position

Differences in the executive functions between playing positions is an area sug-
gested for future research (Vestberg et al., 2017). Each playing position requires
different kinds of repeated actions and skills, and Vestberg et al. (2018) introduces
three executive profiles that they think could be distinguishable between defenders,
midfielders, and forwards in the elite level. They argue that even though each indi-
vidual has a unique executive profile, the top-class players in each of these three
playing positions share characteristics that differ from the other two remarkably.
Defenders are said to have the strongest quality to inhibitory control. Midfielders
are characterized as having excellent short-time memory and working memory and
high-levels of creativity. They also must have endurance to constantly keep their
attention and concentration high. Executive profiles of successful forwards are
characterized with good scanning ability, cognitive flexibility, and decent creativ-
ity.

Schumacher et al. (2018) supports the idea that different playing positions
could have different cognitive abilities when they found indications that midfield-
ers perform better than defenders and strikers in simple reaction tasks, whereas de-
fenders showed better skills in sustained attention tasks. Moreover, it is suggested
that more knowledge of the executive function profiles of individual soccer players
further could be valuable for both talent identification and for developmental train-
ing in professional soccer (Verburgh et al., 2014).

Many of the previous studies have included different playing positions in
their samples of soccer players, but there has not been much research comparing
the executive functions between different playing positions. A recent study found
no effect of playing position on tasks measuring executive functions, however, it

was not specified what kind of categorization of playing positions were used



(Beavan et al., 2022). Moreover, the age range was wide, and it is possible that a
youth player can switch between positions more often than an adult in a profes-
sional league. For that reason, it could still be interesting to explore any potential
differences in players older than 18 years old that have played in their position over
a long period of time.

Executive profiles have been studied before on elite volleyball players
(Montuori et al., 2019). The study investigated three groups (Strikers, Defenders,
and Mixed) in sport-specific task-switching protocol. The results indicated that
identifying an executive profile for each group is possible, based on the cognitive
flexibility required in the actions that are performed repeatedly on the field. Statis-
tically significant differences on switch cost were found between Strikers and
Mixed groups. This study categorised soccer to be an open-skill sport in the same
sense as volleyball, in which conditions are continuously changing and behavior is
goal-directed and needs to be adjusted and corrected repeatedly. Therefore the au-
thors suggested that similar executive functioning profiles could be found on elite

soccer players as well.

2.5 Purpose

Following the way of categorization of Scharfen & Memmert (2019) the present
study is going to use the term elite soccer player for players that are currently play-
ing in the highest national league of their country. The present study is including
players from the second highest national league in Sweden and using the term
semi-elite soccer player to define them. Together elite and semi-elite players form
a group of soccer players that are the participants in this study. The league level is
going to be analysed and controlled to make sure that the possible difference is due
to the playing position and not the league level. Players in both higher division and
lower division leagues performed highly above the standard population and there
was no significant effect of gender (Vestberg et al., 2012). Based on this, the pre-
sent study will include both male and female players from the top two leagues in
Sweden as well as international leagues that can be counted as equivalent. The pre-
sent study will also address the previous limitation of relatively wide age ranges by

only including players above 18 years.



Based on previous studies and suggestions, the purpose of the present study
Is to examine if there are any differences in executive functions between playing
positions grouped by Defenders, Midfielders and Forwards. To study if there are
differences between the groups a null hypothesis significance testing (NHST) will
be conducted. The null hypothesis is that there are no differences between the
groups: HO: meanl = mean2 = mean3. The alternative hypothesis is that there are
differences between the groups: H1: meanl # mean2 # mean3. The more specific
alternative hypothesis of this study is that Defenders will show greater levels of in-
hibitory control than Midfielders and Forwards. Midfielders will show greater
working-memory capacity than Defenders and Forwards. Forwards will show

greater levels of cognitive flexibility than Defenders and Midfielders.



3 Method

3.1 Ethics statement

Before starting the experiment, the participants received written information about
the background and purpose of the study, who was conducting it, contact infor-
mation and how the answers were being used (see Appendix 1). The information
also stated what was required to participate, how the experiment was outlined and
approximately how long it would take to complete it. The following page contained
information regarding that the participation was anonymous and voluntary and that
it was possible to withdraw at any time. The participants were asked to give their

consent in order to be able to move forward.

3.2 Participants

101 participants started the experiment, 22 of these were rejected since they did not
complete the experiment. Four participants were removed as they did not play in
the leagues that were the target. Two participants were removed since there were
indications that it was the same person doing the test several times. Two partici-
pants were removed since data were missing on a task for unknown reasons and
one participant was removed for being too young.

A total of 71 soccer players were included in this study (female n=61, male
n=10), ranging in age between 18 and 34 years (M = 23.66 yrs, SD = 3.83 yrs). At
the time of data collection, the participants were playing in the highest national
leagues in Sweden (Allsvenskan, OBOS Damallsvenskan), Finland (Veikkausliiga,
Kansallinen liiga), Denmark (Gjensidige Kvindeliga), England (Barclays Women’s
Super League) and USA (National Women’s Super League). The players in the
second highest national league in Sweden (Superettan, Elitettan) were also included

(semi-elite group).
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The participants were divided into three groups depending on their playing
position. The group of Defenders consisted of 27 participants (mean age 25; SD =
4.52), group of Midfielders of 22 participants (mean age 22.95; SD = 3.15), and
group of Forwards of 22 participants (mean age 22.73; SD = 3.27). Age, gender,
native language and educational level were analysed and showed no statistically
significant differences between the groups. A more detailed overview of the distri-
bution of demographic characteristics can be seen in Table 1. For the Corsi task,
the results were removed for three Midfielders since the pattern of errors indicated
that they had misunderstood the instructions, resulting in Defenders (n = 27), Mid-
fielders (n = 19) and Forwards (n = 22).

Table 1

Demographic Characteristics of Participants

Defenders Midfielders Forwards

L level Elite 14 10 6
cagueeve Semi-elite 13 12 16
Female 21 19 20

Gender Male 6 3 1
Elementary - - 2

Educational  Higher education 20 16 18
level Vocational - 1 -
University degree 7 5 2

Swedish 18 11 14

Language Finnish 7 9 7
Other 2 2 1

3.3 Design

The experiment was an independent group design with natural groups based on the
position the participant plays. The independent variable was playing position with
three levels; Defenders, Midfielders and Forwards. The three dependent variables
were continuous, and they were the following; switch cost (time in ms), Simon ef-

fect (time in ms), and Corsi span (0-9). A pilot testing of the experiment was

11



conducted with nine participants and resulted in adding practice rounds for each

task as well as more extensive instructions.

3.4 Materials

3.4.1 Questionnaire

The questionnaire started with demographic questions about the players’ sex, age,
native language, and highest completed education level (see Appendix 2). Since the
experiment reached players with different nationalities, native language was an im-
portant question to include in order to have the possibility to control for this if there
were any significant differences between the groups. The question on the educa-
tional level was also asked to be able to control any potential differences in the fi-
nal result. Following demographic information were questions related to soccer.
Specifically, the players were asked in what league they currently played, how
many years they have played soccer in general, what their current playing position
was and how many years they have played in that position. There was also a ques-
tion about their subjective view in what position they thought they were most suita-
ble to play. The reason for this question was to investigate, in an exploratory analy-
sis, whether the subjective view of the player’s role on the team influenced their re-
sponses on the tasks especially in instances when the subjective view and actual

position of the player were inconsistent.

3.4.2 Simon task

To measure inhibitory control, we used the Simon task in which the participant was
instructed to press a key on the left-hand side when seeing the word Left on the
screen and a key on the right-hand side when seeing the word Right (see Appendix
3). The words showed up either on the right side or the left side of a fixation cross
in the center of the screen. Importantly, the location of the stimuli was irrelevant to
what key to press and the participant should only focus on the word. The task be-
gan with four practice trials in which a thumbs up was shown for a correct re-
sponse, and in case of a wrong response or if the time ended, the rules appeared to
remind the participant. After practice the participants were prompted to get ready

12



for the real trials which were 32 in total. In these the feedback was a thumbs up for
a correct answer and thumbs down for an incorrect answer or time out. The words
appeared on the screen for 900 milliseconds and the participants had an additional
1500 ms to answer.

Before calculating the dependent variable for each participant, the data
analysis started by excluding incorrect answers and trials on which the participant
did not answer within the time mentioned above. The dependent variable was cal-
culated by subtracting the average response time (in milliseconds) on trials where
stimulus and response were on congruent sides (Congruent trials) from the average
response time where stimulus and response were on incongruent sides (Incongruent
trials). The Simon effect is the longer response time for Incongruent trials com-
pared to Congruent trials. A possible explanation for this effect is that there is a
tendency to react towards the initial spatial location of the word rather than the
word itself and that this impulse has to be inhibited in order to make the correct re-
sponse (Hommel, 2011).

3.4.3 Corsi block tapping task

The chosen measure for working memory in this study was a version of the Corsi
block tapping task in which the participants were seeing nine blocks that lit up se-
quentially in a random order. The task for the participant the task was to click the
blocks in reversed order from the order they had just seen (see Appendix 4). The
task started with a sequence of two blocks, and it increased if the participant gave a
correct response and decreased after an incorrect response.

The task began with three rounds of practice trials that started with two
blocks. After the practice trials, 10 trials followed which began with a sequence of
two blocks. After each trial there was feedback in the shape of a green tick or a red
cross depending on if the participant’s response was correct or incorrect. The
blocks were highlighted for 1000 milliseconds and there was no gap between the
block colour changes. Before a new sequence started the blocks disappeared and a
fixation cross was displayed in the center of the screen. The dependent variable
from this experiment was the number of block sequences remembered which

ranged from 0-9.
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To assess working memory the information needs not only to be held in
mind but also manipulated or processed (Diamond, 2013). Clicking the blocks in
the reverse order instead of the right order was chosen since that involved the need
to manipulate the information rather than just keeping the information in the work-

ing memory.

3.4.4 Alternate task switching

To measure cognitive flexibility the alternate task switching task was used. The
task had a similar design that Rogers and Monsell (1995) introduced. The idea be-
hind the task was to react on either the shape or the colour of the stimulus (see Ap-
pendix 5). It started by instructions on which two different locations of the stimulus
are separated. A line was dividing the screen into upper half and bottom half and if
the stimulus appeared in the upper part of the screen, the participant was told to re-
act to the colour of the stimulus. The two different colours used were blue and
green. The participants were told to press the key F on the keyboard if the stimulus
was blue and the key J if it was green. The next part of the instructions said that
when the stimulus appeared at the bottom of the screen, they should react based on
the shape of the stimulus. The two different shapes used in this version of the task
were a square and a rectangle. If the stimulus was a square the participant was told
to press the key F and if it was a rectangle, then to press J. The location of the stim-
ulus always changed after two trials. This meant that on the first two trials the stim-
ulus was appearing in the upper part of the screen, on which the participant should
react to the colour and ignore the shape. On the next two trials the location of the
stimulus was on the bottom of the screen, where the response should be based on
the shape of the stimulus and the colour should be ignored. This demonstrates how
the participant needs to switch between the strategies and choose an appropriate
rule to follow depending on where the stimulus appears. Each participant first com-
pleted four practice trials and after that the rules were shown one more time before
the real trials started. The data collection was done during the following 32 trials
and the participant received feedback on each trial in the shape of a thumbs up or
down depending on if it was correct or not. Each stimulus was shown for 3000 ms

which was the time participants had to respond.
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The task was measuring participants reaction time for each trial and the
switch cost was calculated by subtracting the average response time on non-switch
trials from the average response time on switch trials. Before calculating the aver-
age response time for each of these conditions, the incorrect answers were excluded
as well as trials on which the participant did not answer within the 3000 ms. The
switch cost from correct trials was the dependent variable and was presented in

milliseconds.

3.5 Procedure

To reach out to as many players as possible we used the Gorilla experiment builder
(www.gorilla.sc) to create and host our experiment online (Anwyl-Irvine et al.,
2020). All of the tasks used in this study were taken from the experiment library
and modified to suit our experiment better.

The data collection was conducted from 13th of April to 9th of May (2023).
The participants were recruited by using different strategies. Information about the
experiment was sent to teams playing in Allsvenskan, OBOS Damallsvenskan, Su-
perettan and Elitettan in Sweden asking them to share the link with their players.
Players in the leagues Veikkausliiga and Kansallinen liiga in Finland were con-
tacted with the help of national player association Pelaajayhdistys that sent the link
to the experiment via their email contact lists. Members of Pelaajayhdistys that
were currently playing abroad were also included on the email list. Players were
also contacted directly through different social media platforms and personal con-
tacts. A number of players were tested at their training facilities where the experi-
ment leader followed a standardized process by letting the participant complete the
task independently but was available if there were any questions.

All participants received the same information and were asked to give their
informed consent to be able to participate. All participants completed de-
mographics and soccer questions followed by all three tasks. The order of the task
presentation was counterbalanced between the participants so as to avoid any possi-

ble effects of fatigue or lack of focus (Figure 1).
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Figure 1

Possible Task Orders

Path 1

Path 2

Path 3

Alternate task _ Corsi block
switching Simon task tapping
Corsi block Alternate task .
tapping switching Simon task
. Corsi block Alternate task
Simon task tapping switching

The balancing function was set to direct the participants evenly so that there would
be a somewhat similar distribution between the paths. After finishing each task, the
participant got information on how far they were in completing the experiment. Af-
ter the three tasks were completed, the participants were given the chance to enter
their email address if they wanted to receive the final report of the study. They
were informed that by doing so their answers would no longer be anonymous but
that they would not be used to identify them in the study.

3.6 Statistical analysis

For analysing the data IBM SPSS Statistics version 28.0.0.0 (IBM Corp, 2021) was
used. The Shapiro-Wilk test was used to test distributions for normality. All the
groups met the assumption of normality in the Simon task and Alternate task
switching task, but not in the Corsi task. Levene's test was used to test the homoge-
neity of variances and was met in all the three tasks. Since the objective was to
compare the means between three groups a one-way ANOVA was conducted on
the Simon effect and switch cost. The measurements of effect size are reported in
Cohen’s f, and the significance was set to p <.05. Since the assumption of distribu-
tion of normality was not met for the results on the Corsi task, a Kruskal-Wallis H
test was performed to compare the groups.

As an additional analysis an independent samples t-test was conducted to
compare the league level to see if the results differed between elite and semi-elite

16



soccer players. The measurements of effect size are reported in Cohen’s d. A one-
way ANOVA was conducted to see if the results differed when the independent
variable was changed from current playing position into subjective playing position
which indicated participant’s own view on what position would suit them best.

An a priori power analysis was conducted using G*Power version 3.1.9.7
(Faul et al., 2007) for sample size estimation. Since no other studies using one-way
ANOVA were done comparing soccer players' position together with executive
functions, the estimation was based on a study that found statistically significant
differences between volleyball players' (N=36) role during a game and cognitive
flexibility (Montuori et al., 2019). The effect size in this study was np2 = 0.20,
which in G*power translated to Cohen’s f= 0.5, that can be considered as large
when using the interpretation Cohen’s (1998) criteria. Using a significance level of
a = .05 and power = 0.8 the minimum sample was N = 66 for a one-way ANOVA.
Considering that, the sample size of N = 71 obtained in the present study was
enough to test the hypothesis.
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4 Results

The purpose of this analysis was to examine if there were any differences between
playing positions grouped by Defenders, Midfielders and Forwards on three differ-

ent tasks in elite and semi-elite soccer players.

4.1 Simon task

The difference in the average reaction time between Incongruent and Congruent tri-
als (Simon effect) on the Simon task were lowest for Midfielders compared to De-
fenders and Forwards (Table 2).

Table 2

Results for the Simon Task

Defenders (n=27)  Midfielders (n = 22) Forwards (n = 22)

Mean (in ms) 37.31 26.45 47.42
SD 47.29 49.13 49.16
Range -42 — 115 -79 - 107 -47 — 143
Cl95% 18.6 — 56.01 4.67—48.24 25.63 - 69.22

The result indicated that Midfielders had the best inhibitory control which was con-
trary to the hypothesis that Defenders would perform best. Forwards had the high-
est mean Simon effect which indicated a lower inhibitory control, this was in line
with the idea that Forwards could benefit from having a less developed ability for
response inhibition (Vestberg et al., 2018). Since the measurements range from
negative numbers to positive, the standard deviation (SD) was high compared to
the mean, however, the groups showed a similar SD which indicated that the varia-

bility was alike in the three groups.
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Contrary to the hypothesis that the groups would have different inhibitory
control, there were no statistically significant differences between group means on
the Simon task (F(2, 68) = 1.026, p = 0.364, f = 0.17), which indicated that the

three groups show similar abilities in inhibitory function.

4.2 Corsi block tapping task

Before analysing the results on the Corsi block tapping task, three participants in
the group of Midfielders were removed as outliers resulting in n = 19 Midfielders.
The median numbers of recalled blocks (Corsi span) were quite similar for all
groups (Table 3) indicating no differences in working memory between the groups,
contrary to the hypothesis that midfielders would display a greater working
memory capacity. There were no statistically significant differences in the Corsi
span between the groups (y2(2, N = 68) = 2.263, p = 0.322), indicating that the

working memory is equal for all three groups.

Table 3

Results for the Corsi Block Tapping Task

Defenders (n = 27) Midfielders (n = 19) Forwards (n = 22)

Median 6 6 7

Range 4-8 5-8 5-9

4.3 Alternate task switching

The results from the alternate task switching task suggest that on average Forwards
were faster than Midfielders and Defenders on switching between the tasks (switch
cost), which indicated a better cognitive flexibility, and this was in line with the hy-
pothesis (Table 4). However, there were no statistically significant differences be-
tween group means in the switch cost (F(2, 68) = 1.329, p = 0.272, f = 0.2) which
indicated that the groups did not differ in the cognitive flexibility.
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Table 4

Results for the Alternate Task Switching Task

Defenders (n = 27) Midfielders (n = 22) Forwards (n = 22)

Mean (in ms) 241.64 205.55 152.95
SD 191.17 218.97 152.39
Range -203 - 591 -285 — 568 -131-401
Cl95% 166.01 — 317.26 108.46 — 302.62 85.39 — 220.52

None of the three dependent variables showed statistically significant differences
depending on the current playing position, and therefore the null hypothesis cannot

be rejected.

4.4 Additional analysis

4.4.1 League level

Re-grouping the participants based on elite (n=30) and semi-elite (n=41) athletes
showed no statistically significant differences on inhibitory control (t(69) = 1.826,
p=0.072, d=0.439), on cognitive flexibility (t(69) = 1.117, p = 0.268, d = 0.268)
or on working memory capacity (t(66) = 0.871, p = 0.387, d = 0.213), which was
contrary to previous studies that have indicated that more talented soccer players
perform better than amateur and sub-elite soccer players (Verburgh et al., 2014;
Huijgen et al., 2015).

4.4.2 Subjective position

Finally, grouping the participants based on their subjective view of what position,
in their opinion, they are most suited to play in, resulted in 23 Defenders, 24 Mid-
fielders and 24 Forwards. This is did not change the results from the main analysis
as no statistically significant differences were found when measuring inhibitory
control (F(2, 68) = 2.990, p = 0.057, f = 0.30), working memory (F(2, 65) = 1.138,
p = 0.327, f = 0.19) or cognitive flexibility (F(2, 68) = 0.706, p = 0.497, f = 0.14).
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5 Discussion

5.1 Results

The objective of the present study was to explore potential differences in three core
executive functions between playing positions in soccer. In contrast to our hypothe-
sis, no differences were found between the Defenders, Midfielders and Forwards
on any of the three core executive functions. For the Corsi task we did not reach the
sample size needed to measure a large effect as calculated in the power analysis

(n =22 per group). Midfielders only had 19 participants in this task which means
that it is underpowered and that we cannot draw any conclusions on whether there
are differences in working memory between the groups. The results on the Simon
task and the Alternate task switching task cannot give support to the idea that the
different playing positions require different cognitive profiles (Vestberg et al.,
2018). Rather, the results from the present study lend support to the findings from a
study showing no differences between playing positions when using other tests to
measure executive functions (Beavan et al., 2022). This further indicates that the
idea of executive profiles might not differ as much as previously hypothesized. On
the other hand, there are some factors that could have affected the results, which
will be discussed below.

Both Simon task and alternate task switching were measuring the partici-
pants reaction times. The dependent variables were calculated by subtracting the
mean reaction time for two different kinds of trials (eg. non-switch trials and
switch trials), and then subtracting these means from each other to create a depend-
ent variable (eg. switch cost) used in the statistical analysis. The data analysis con-
sidered incorrect answers and trials on which the participant did not answer within
the time set for each trial as outliers. The large standard deviations indicate that
there ended up being noise in the data and that more analysis could have been done

before calculating averages for each condition and subtracting them from each
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other. The considerations for outliers should also have taken into account trials that
have extreme reaction times indicating abnormally slow reaction time and that the
participant might have been distracted or for some other reason failed to answer as
fast as they could have. Now, when these extreme values were included when cal-
culating the mean for each condition (eg. non-switch trials and switch trials) there
Is a possibility that they do not reflect the actual reaction time average for each par-
ticipant in these conditions, and therefore the dependent variables (switch cost and
Simon effect) cannot be seen as truly reliable measurements. This has most likely
affected the results of the present study and therefore the discussion of possible dif-
ferences in cognitive flexibility and inhibitory control that the results indicate,
should be done with the awareness of this deficiency in the analysis stage.

Another possible factor affecting the results was that the time of the day or
day of the week varied between the participants. It is highly likely that soccer play-
ers have different energy levels before a practice compared to after practice and the
state of alertness in which the participants have conducted the experiment vary a
lot. The day of the week can have a similar effect and for example by conducting
the study on a day before a game the participant might have been more engaged
and alert than a participant that has played a game on a same, or previous day.
Since the link to the experiment was open around the clock for almost a month, and
there was no clear instructions or guidance to for example participate in the study
on a specific time of the day or day in the week, it is most likely that these factors
have created variety among the participants.

The use of different strategies in the data collection procedure can also be
an aspect that has influenced the results. All the participants conducted the exact
same version of the experiment, but since 25 participants (Defenders n=10, Mid-
fielders n=8, Forwards n=7) were tested at their training facilities allowing them to
get more clear instructions if needed, they might have been more alert on the first
trials than those conducting it online. The face-to-face interaction with the experi-
ment leader, might also have created either better engagement towards the experi-
ment, added motivation to do well, or possibly added nervousness among the par-
ticipants. The decision to collect participants in different ways was considered be-

fore the data collection and made in the hope to make it as easy as possible to
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participate in the study. Afterwards it is, however, worth mentioning that for these
reasons there might be some diversity in the results due the differing participation
experiences.

Since performing cognitive tasks on a computer is in many ways different
to the environment on a soccer field, the tests used in this study might not have
ecological validity, which could explain that no differences were found. To capture
the abilities needed on the soccer field in a relevant way, other tests might have to

be used.

5.1.1 Inhibition

When measuring inhibition, previous studies have often used Stop Signal task and
Go/No-Go-tasks (Verburgh et al., 2014; Huijgen et al., 2015; Beavan et al., 2022).
In those kinds of tasks, the participant is instructed to respond as quickly as possi-
ble to a certain stimulus. Infrequently there would be a stop signal or a No-Go-trial
when the participant should refrain from responding, which captures the ability to
inhibit the impulse to respond. In the soccer field however, the player often must
inhibit one response to instead choose another action similar to the Simon task.
There is a verbal component since the Simon task is using the words Left and Right
and since the participants had different native languages it could potentially con-
tribute to different results on this test, but when controlling for language there were
no significant differences between the groups. One option would have been to
change the words to objects, but on the soccer field the players will often use Left
and Right to call on their teammates' attention, and for that reason it could be more
relevant to keep the verbal stimuli. The result from the present study showed no
differences between playing positions on this task. Studies that have been using
Stop Signal task showed that highly talented soccer players outperformed amateur
players (Verburgh et al., 2014; Huijgen et al., 2015). Based on this, the present
study conducted an exploratory analysis to compare performance between elite and
semi-elite players, however this did not show any statistically significant differ-

ences either.
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5.1.2 Working memory

As an assessment to measure working memory, the Corsi block tapping task was
chosen, because it has an aspect of manipulating information and not only holding
it in mind. The working memory capacity is an important function to soccer play-
ers, and it is especially interesting to examine the visuospatial aspect since that best
captures what kind of information a soccer player encounters on the field. A soccer
player has to keep in mind the current positions of other players on the field, and
combine this current information to strategic choices, and past situations. Given
this, the Corsi block tapping task was considered as the most suitable test to use.
Another possible task choice could have been a 2-back task, that has for example
shown open-skill sport athletes performing significantly better than athletes in
closed-skill sports (Koch & Krenn, 2021). On the other hand, using the same task
no significant differences were found in working memory when comparing strate-
gic sports (eg. volleyball) with static and interceptive sports (eg. biathlon, ski-al-
pine) (Krenn et al., 2018). However, because the 2-back task requires simply press-
ing the spacebar if the present image was identical to the image presented two im-
ages earlier, it simply measures the capacity of working memory without manipu-
lating the information in the same way as in the Corsi block tapping task.

The results from the Corsi block tapping task showed a pattern of errors for
three participants where they clicked the blocks in the highlighted order instead of
the reverse which indicated that the task instructions were difficult to interpret.
Upon reflection, we think that the instructions could have been even more clear and
that we could have shown the rules one more time after the practice rounds, like we
did in the alternate task switching, in order to avoid the misunderstandings. In addi-
tion, it might have been better to have the tasks introduced in the participants native
language. In the present study, it could have been possible to make three different
versions of the experiment on which all the tasks would have been the same, but
the instructions could have been written in Swedish, Finnish, and English, since the
recruitment process was controlled and directed to specific teams and individuals.
Creating and sharing the right version with one of the three languages, however,
would not have been realistic due to the time constraints of the present study. Alter-

natively, players from only one country could have been targeted, but we chose to
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expand our recruitment to more than one country to ensure a large enough sample

size.

5.1.3 Cognitive flexibility

The choice of alternate task switching task as a measurement for cognitive flexibil-
ity was supported by the findings on volleyball players cognitive profiles (Mon-
tuori et al., 2019). Since soccer players have similar needs for quickly shifting fo-
cus between different sets of information that is constantly changing, the task was
seen as capturing important aspects of cognitive flexibility. When measuring cogni-
tive flexibility using the Trail Making Test (TMT) elite athletes in open-skill sports
displayed faster performances compared to elite athletes in closed-skill sports
(Koch & Krenn, 2021). The TMT is measuring task switching in a similar sense as
the alternate task switching test, but it is a pen and paper assessment that was not
optimal for the present study. A modified Flanker task has been used as an assess-
ment of cognitive flexibility as well and shown differences depending on the type
of sports that participants have had (Koch & Krenn, 2021; Krenn et al., 2018). This
task is measuring switch cost in the same sense as the task used in the present study
but is limiting in that it doesn't add any aspects that could have been seen to benefit
capturing cognitive flexibility relevant for soccer players.

Both Simon task and alternate task switching were measuring the partici-
pants reaction times. The dependent variables were calculated by subtracting the
mean reaction time for two different kinds of trials (eg. non-switch trials and
switch trials), and then subtracting these means from each other to create a depend-
ent variable (eg. switch cost) used in the statistical analysis. The data analysis con-
sidered incorrect answers and trials on which the participant did not answer within
the time set for each trial as outliers. The large standard deviations indicate that
there ended up being noise in the data and that more analysis could have been done
before calculating averages for each condition and subtracting them from each
other. The considerations for outliers should also have considered trials that have
extreme reaction times indicating abnormally slow reaction time and that the par-
ticipant might have been distracted or for some other reason failed to answer as fast
as they could have. Now, when these extreme values were included when calculat-

ing the mean for each condition (eg. non-switch trials and switch trials) there is a
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possibility that they do not reflect the actual reaction time average for each partici-
pant in these conditions, and therefore the dependent variable (eg. switch cost) can-
not be seen as truly reliable measurement. This has most likely affected the results
of the present study and therefore the discussion of possible differences in cogni-
tive flexibility and inhibitory control that the results indicate, should be done with
the awareness of this deficiency in the analysis stage.

5.1.4 Design fluency

Some of the methods that have been used to study executive functions in athletes
are using a subtest from Delis-Kaplan Executive Function System (Delis et al.,
2001) called the design fluency test (DF) (Vestberg et al., 2017; Hujigen et al.,
2015; Koch & Krenn, 2021). The DF is a standardized test and measures on-line
multi-processing such as creativity, response inhibition and, and cognitive flexibil-
ity. Previous results on the more complex DF, showed that elite and semi-elite soc-
cer players performed highly above the standard population on average (Vestberg
etal., 2012). In light of the recent findings, DF has shown to correlate with game
intelligence assessed by asking the head coaches judgements about their players
(Vestberg et al, 2020). DF could be better suited to measure the requirements of a
soccer player since it stimulates the executive chain of decision-making in a similar
way as in real soccer situations (Vestberg et al., 2017). Future research efforts
would benefit from using DF to compare playing positions. However, DF measures
a combination of different executive functions, and higher-level executive func-
tions such as planning, reasoning and problem solving which were not the aim of
this study. On the other hand, we acknowledge that it might be difficult to study in-
hibitory control, working memory and cognitive flexibility independently since
these functions are closely related and dependent on each other (Diamond, 2013).

5.2 Limitations

It is also important to note some limitations of the present research. First, since the
study was conducted through an online experiment, the environment could not be
controlled which could have had effects on the results such as participants being
distracted during testing. This we tried to avoid by writing in the instructions that
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the test should be conducted in an environment that allows them to stay focused.
Another negative aspect of using an online experiment is that it cannot be con-
trolled who is conducting the test which could mean that there are participants that
are not from the population we are interested in studying. This we tried to avoid by
specifying in the instructions which are our target groups and by contacting the
teams and relevant organizations directly, rather than publishing the link in open
forums. We hope that by doing so we minimized the risk that there are participants
that are not from the groups that we want to study. Finally, another possible prob-
lem would be that one person takes the test several times and signs of this is some-
thing we discussed before starting the data collection when deciding on criteria for
outliers. In the data that is collected during the experiment it is possible to see de-
tails about the type of device that was used, the browser, operating system, and
screen size. We decided that seeing identical answers on the questionnaire for mul-
tiple participants would be an indication to move on to controlling if the partici-
pants had the same details on the parts above. When preprocessing the data, we
found two cases that indicated it was the same participant and these two were re-
moved before the statistical analysis. While acknowledging limitations in conduct-
ing an online study, the strength of such an experiment is the reach, and since this
study was aiming to target elite soccer players in different places it seemed to be
the best way, considering our limitations in time and resources. Another strength is
the convenience, the participant has the option to conduct the test at a time and
place that is suitable for them, which makes it easier since the target groups of elite
players already have a busy schedule. The optimal procedure would have been to
test the participants in real life to be able to control the environment and to make
sure that the participants are from the population that we are interested in studying.
One weakness of studying playing positions in the way that was done in
this study is that there is no way to control whether participants' current playing po-
sition supports their executive profiles. As an exploratory analysis we re-grouped
the participants based on their subjective view on which position they should play
in case it is incongruent with their currently played position. The result of that did
not show any statistically significant results either which was expected since there

were only four participants that had another subjective view on their position.
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5.3 Future research

Once there is clear understanding of how a player's executive profile could be
mapped, it could be considered that the knowledge is used to conduct a more indi-
vidual based study and see what playing position would suit individuals’ natural
strengths best. It is also important to acknowledge that executive functioning
measures may not be the only factor influencing success in the playing position.
Physical abilities, technical skills, and mental, and social skills are important fac-
tors characterizing players.

The present study was limited to comparing the three groups of outfield
playing positions but for future studies it would be interesting to include goalkeep-
ers as well and examine their cognitive profile. It could also be interesting to inves-
tigate training time and to make an estimation on how much time a player has spent
In a certain position to see if that correlates with the executive functions.

In the future the generalization of Defenders, Midfielders and Forwards
could also evolve to focus more on specific types of playing positions. For exam-
ple, the definition of Defenders usually includes both center-backs and full-backs.
The roles of these playing positions differ in the sense that center-backs have a
more stable role in the defense, protecting the most wanted area of scoring right in
front of the goal and higher up in the central area of the field. Full-backs on the
other hand, are working more on the sides of the field, blocking crosses to the box
and often being a part of the offense more than central-backs. Outside midfielders
can also be argued to have different kinds of requirements for game intelligence
than holding midfielders or number 10 players for example. In this sense there is
diversity in the groups that have been used in this study and in the future, it could
be considered to have even more specific limitations to each group and to compare
for example what kind of a difference there might be between players operating
mostly in the central spaces of the field compared operating on the sides.
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6 Conclusion

The aim of the present study was to explore potential differences in three core ex-
ecutive functions between playing positions in soccer. The statistical analysis
showed no differences between the groups, therefore the null hypothesis could not
be rejected. However, since the sample size was fairly small the results do not al-
low any conclusions regarding that there are no different cognitive profiles between
the studied groups. Further, since the sample of the present study was drawn from
leagues in different countries the result cannot be generalized to all elite and semi-
elite players. The present study was estimating a large effect of position based on
Montuori et al. (2019) which means that the study may ultimately be underpowered
and not have a large enough sample to measure a potential medium to small effect
of playing position on the chosen tests. Montuori et al. (2019) was using a sport-
specific situation and only measured cognitive flexibility that might be even more
crucial in volleyball than in soccer. For future studies a larger sample size would

increase the possibility to discover potential differences between playing position.
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8 Appendices

Appendix 1

Instructions and Consent

We are two students in the cognitive science program at the University of Gothenburg that are
conducting an experiment for our bachelor's thesis.

The purpose of this study is to investigate executive functions in soccer players. Executive
functions are a set of cognitive processes that enables us to regulate behavior and to achieve
desired goals. This study is focusing only on outfield players (defenders, midfielders, for-
wards).

In this study you will first answer some questions regarding you as a soccer player and then
participate in three different tasks for which you will get instructions before getting started.
For this experiment you need a computer and it is good if you can conduct it in an environ-
ment that allows you to stay focused. Your answers will be anonymous and the data collected
will only be used for this project.

The study will take about 10 minutes to complete.

Thank you for participating!

Juulia Gronlund & Agneta Ahlén

Consent

Before we continue, we need your consent to the following:

1. lunderstand and agree to my responses being recorded and used anonymously.
2. ‘Your participation in this study is voluntary.

3. You are free to withdraw at any time and without giving a reason.

I understand and consent to participate in this study.



Appendix 2

Questionnaire

Are you...

() Female
() Male

oy

(_) Other
() Prefer Not Ta Say

How old are you?
What is your native language?
What is your highest achieved education so far?
Please Select... ™

For how many years have you played soccer?

In what league do you currently play? (Elitettan, Allsvenskan, Kansallinen liiga etc.)

What is your position?

Please Select... v

How many years have you played in your current position?

In your own opinion, what position would suit you best?

Please Select... v



Appendix 3

Simon Task Instructions and Visualisation

You will see either the word Left or Right on one side of the screen.
The word will not always match it's position.

Press F if the word Left appears on either side of the screen.

Press J if the word Right appears on either side of the screen.

Now you will have a few rounds of practice before the real trials start.

Below are examples of how the task looks for the participant. The fixation cross appears in the
center of the screen.

+ Left

Left -+




Appendix 4

Corsi Block Tapping Task Instructions and Visualisation

In this task you will see nine blocks on the screen.

A number of blocks are going to be highlighted in each trial and your task is to remember the
order in which this happened. You will notice when the sequence is finished.

Your task is to answer by tapping the blocks in the reverse order that they are highlighted.
So in other words, you have to start by tapping the block on which the sequence ended and
end by tapping the block that was highlighted first.

The length of the sequence will increase after a correct answer and decrease after an incorrect
answer.

Your goal is to remember as long sequence as possible.

First you will have three rounds to practice and the sequence will start with two blocks.

Below is an example of how the task looks for the participant.




Appendix 5

Alternate Task Switching Instructions and Visualisation

These four different objects will alternately appear on the screen either above or below a line

that is dividing it into two parts:

Your task is to react by pressing the keys F or J according to the following rules:

If the shape is at the top of the screen:
Press F if the color is blue

Press J if the color is green

If the shape is at the bottom of the screen:
Press F if the shape is square

Press J if the shape is rectangular

Try to react as fast and accurate as possible!

Now you will have a few rounds of practice before the real trials start.

Below is an example of how the task looks for the participant.




