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Abstract

While the importance of physical abilities and motor coordination is non-contested in sport, more focus has recently been
turned toward cognitive processes important for different sports. However, this line of studies has often investigated sport-
specific cognitive traits, while few studies have focused on general cognitive traits. We explored if measures of general
executive functions can predict the success of a soccer player. The present study used standardized neuropsychological
assessment tools assessing players’ general executive functions including on-line multi-processing such as creativity,
response inhibition, and cognitive flexibility. In a first cross-sectional part of the study we compared the results between
High Division players (HD), Lower Division players (LD) and a standardized norm group. The result shows that both HD and
LD players had significantly better measures of executive functions in comparison to the norm group for both men and
women. Moreover, the HD players outperformed the LD players in these tests. In the second prospective part of the study, a
partial correlation test showed a significant correlation between the result from the executive test and the numbers of goals
and assists the players had scored two seasons later. The results from this study strongly suggest that results in cognitive
function tests predict the success of ball sport players.
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Introduction

Sport and Psychology have since the early 1920s been

connected in a joint research area [1]. The focus for Sport

Psychology has mainly been to understand and develop the

performances among athletes in areas like motivation, group

dynamics and mental training [2]. Another line of studies has

focused on talent identification, in order to predict the success of an

athlete [3]. These studies have investigated how personality traits

or states correlate to successful sport behavior but no clear or

consistent relationship has been demonstrated [4]. Multivariate

analyses on ball-sport players have also been performed with

variables like somatotype, body composition, body size, speed,

endurance, performance measures, technical skill, anticipation,

anxiety and task and ego orientation [5]. However, as for

personality traits, no clear correlations between these variables

and sport success have been established.

Apart from physical skills and basic coordination, success in

ball-sports also depends on how information is processed given the

complex and quickly changing contexts. In the last two decades a

wide range of perceptual-cognitive skills have been studied in

sport. This research has mainly focused on areas like visual

anticipation, pattern recognition, knowledge of situational prob-

abilities, and strategic decision-making [6]. This line of research

has mostly studied sport-specific tasks [7,8] comparing experts

with novices and has contributed to the understanding of sport

specific demands. A weakness in these studies is that expert and

novice players cannot be compared with a neutral standard, with

players in different sports or players in the same sport where other

tests have been used. Thus, different studies are hard to compare

and it is hard to understand how skills transfer across different

types of sports [9]. This is of a general interest since it has been

shown that experts in different sports are able to transfer cognitive

skills between sports that make them more successful in the new

sport then novices [10,11].

Many required skills in team sports may be translated to general

cognitive domains where test results from successful players can be

compared to a population norm. A good team player could be

characterized by excellent spatial attention, divided attention,

working memory and mentalizing capacity. He or she must be

able to quickly adapt, change strategy and inhibit responses. Many

of these abilities are referred to as ‘‘game intelligence’’ in sports

[12]. In neuropsychology these are collectively referred to as

executive functions [13]. These dynamic cognitive top-down

processes correlate with each other but less with general IQ [14].

Surprisingly, the impact of general executive functions on the

capacity of a player is largely unknown [15]. One of few published

studies on general cognitive skills in sports shows that there is a

positive relationship between successful sport performances in

young soccer players and their cognitive creativity in general [16].

Another problem in most research focusing on sport and

cognition is the cross-sectional approach and the involvement of a

sport specific situation that needs sport specific assessment tools

made particularly for that study. The cross-sectional approach

makes it difficult to establish any causal relation and the sport
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specific tools make it difficult and expensive to repeat the research

in new studies.

In the present study we have explored the importance of general

executive functions when it comes to predicting a successful

outcome of a soccer player using both a cross-sectional and a

prospective component. The study was divided in two parts and

our approach was to use well-known neuropsychological assess-

ment tools and assess the soccer players’ executive functions such

as the chain of creativity, working memory, multi-tasking and

inhibition. We chose the Design Fluency test from the D-KEFS

executive test battery as our primary test since it does not have a

verbal component but include a creativity/planning aspect that we

believe is important in team sports [6]. In order to strengthen our

findings we also used two other executive tests from the same test

battery (Colour-word interference test and Trail making test). In the first

part we compared the results between High Division players (HD),

Lower Division players (LD) and a standardized norm group. In

the second part, two seasons later, we compared the test results

with a well-known measure of success in soccer, namely the

number of goal and assist - an objective measurement that

characterizes the capacity of a team and a player without

subjective valuations.

Methods

Ethics Statement
The study protocol, including the ethical aspects of the study,

was approved by the Student Review Board at the Psychological

Department of Örebro University. The study was performed in

full compliance with the Declaration of Helsinki. All subjects were

given verbal and written information on the study and gave their

verbal and written informed consent to participate.

Participants
The participants in the first (cross-sectional) part of the study

included 57 male (n = 31) and female (n = 26) players (Table 1). 14

male and 15 female participants from the Swedish highest national

soccer leagues (Allsvenskan) were included in the highest division

group, HD (Mage = 25.3; SD: 4.2). 17 male participants playing in

the Swedish 3rd national division (called Division 1) and 11 female

participants from Swedish 2nd national division were included in

the lower division group, LD (Mage = 22.8; SD: 4.1). There was no

significant difference in age or educational level between the

different groups (see Table 1).

The test group in the second (prospective) part of the study

included 25 of the male players (13 from HD and 12 from LD at

the time of testing) that had played at least one game in 1st or 2nd

division since no official points were registered for the female

players or players in division 3.

The participants for the HD group came from six teams of the

highest division in Sweden, Allsvenskan. These teams represent 20%

(=) to 25% (R) of the teams in their divisions. In the end of the

season their average position in the final table was place nine (=) of

fourteen and place six (R) of twelve. The participants for the LD

group came from five of the lower division teams. These teams

represent 20% (=) to 17% (R) of the teams in their divisions. In the

end of the season their average position in the final table was the

place five (=) of fourteen and place five (R) of twelve. The coaches

from these teams were responsible to select the participants based

on how well the soccer capacity of the individual player

represented the team average level. The coaches were asked to

select two forwards, two midfielders and two defenders from their

teams and also asked not to select players where the probability

was large of soon transferring to a higher or lower league. In

average the players were participating in 70% of the games during

the last 2.5 years.

Materials
The tests used were from the D-KEFS test battery of executive

functions where the scoring is normalized for age. The primary

test used was Design Fluency (DF), a standardized test which

measures on-line multi-processing such as creativity, response

inhibition, and cognitive flexibility [17,18] and thus simulates the

executive chain of decision making in a similar way as in a real

sport situation. DF is a non-verbal psychomotor test in which the

participant uses the hand and a pen to combine all dots in a square

with one line. The task is to find as many different combinations as

possible of binding together the dots under time pressure (60 sec)

and the participant is not allowed to use a solution twice. The

participant needs to remember previous responses in an online

working memory and update new rules accordingly (i.e. not repeat

previous combinations). He or she must use inhibition skills in

order not to repeat previous responses. The participant also needs

to constantly use a scanning skill to find new solutions to fulfill the

task. All three subtests of DF were used. As additional tests Colour-

word interference test (CWI), i.e. Stroop test, and Trail making test (TMT)

were used in order to confirm the result from of the primary test.

These tests also measure general executive functions, but from a

more verbal aspect and without the creativity or problem solving

abilities aspects important in DF. Therefore, they are not optimal

in the present analysis but serve as a control to the main test.

Procedure
All the participating teams were visited at their training facilities

from 7 June to 30 October 2007. The selected players were tested

in a 40 minutes standardized process and with the same test

leader.

Design
The players were tested on their executive functions (fall 2007).

Prospective data of goal and assist was used (January 2008 to May

2010) to study whether DF measured in 2007 could predict the

outcome of a soccer player’s success.

Statistic analysis
A 2-way full factorial ANOVA with division and gender as

factors, and scores on the executive test as dependent variable

were used. Importantly, DF was used as our main analysis, as it

Table 1. Descriptive table of the four included groups: High
Division Males (HD-M), High Division Females (HD-F), Low
Division Males (LD-M), and Low Division Females (LD-F).

Group N
Position - Forw/
Mid/Def

Age - Mean age
(SD)

Higher Education
- Mean years (SD)

HD-M 14 6/5/3 25,00 (4,87) 0.75 (1.11)

HD-F 15 4/9/2 25,60 (3,60) 1.87 (1.42)

LD-M 17 4/6/7 23,24 (3,05) 0.59 (1.33)

LD-F 11 4/4/3 22,18 (5,53) 1.05 (1.43)

There was no significant difference in age between HD-M and LD-M
(t(29) = 1.232; p = 0.223), or HD-F and LD-F (t(24) = 1.911; p = 0.068). Likewise,
there was no significant difference in higher education between HD-M and LD-
M (t(29) = 0.364; p = 0.72), between HD-F and LD-F (t(24) = 1.448; p = 0.16), or
between HD and LD players if the players were not divided by gender
(t(55) = 1.541; p = 0.129.
doi:10.1371/journal.pone.0034731.t001
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was the only one of the D-KEFS tests containing factors we believe

are important in soccer (fast creativity or problem solving abilities)

and at the same time did not contain verbal aspect that may be

highly affected by education/schooling (such as CWI and TMT).

Thus, CWI and TMT are specifically used to strengthen the DF

analysis. In order to be sure that other variables such as age,

position and education did not affect the result we also performed

an additional ANCOVA-analysis with the factors: division, gender

and position, and the covariates: educational level and age. Scores

on the DF test were treated as dependent variable.

In the prospective part a partial correlation between DF and

square root of the points (goals and assists) controlling for the order

in the team i.e. forward, mid-player or defender (given the

different probabilities of scoring points) defined as two dummy

variables, the proportion played in 2nd vs. 1st division (given that it

is easier to score points in the 2nd division) and the age (given both

general physical decline and possible cognitive decline specifically

in soccer) were used.

Results

Cross-sectional tests
DF. Using the sum of scaled scores male and female soccer-

players in both HD and LD performed highly above the standard

population in average on DF (Male HD: +1.93 SD, Female HD:

+1.76 SD, Male LD: +1.02 SD, Female LD: +1.12 SD). Thus,

HD-players belong to the 5% best individuals in the population on

this test.

The ANOVA-model indicated a significant effect on DF-scores

F(3, 53) = 4.99, p = 0.004. There was a significant effect of division

(HD: mean-score: 15.52, SD: 2.42; LD: mean score: 13.18, SD:

2.14; F(1, 53) = 13.86; p,0.0005) but not of gender (F(1,

53) = 0.03; p = 0.86) or any interaction effect (F(1, 53) = 0.44;

p = 0.51) (Figure 1). The effect was still present when also position,

age and education-level were controlled for (ANCOVA-analysis

F = 9.51; p = 0.004). No other effects were significant in the

ANCOVA-analysis.

CWI. There was a trend for HD.LD in the CWI 1/2 (HD:

mean-score: 11.62, SD: 1.57; LD: mean score: 10.86, SD: 1.94,

F(1, 53) = 2.76, p = 0.10) and CWI 3 (HD: mean-score :12.48, SD:

1.79; LD: mean-score: 11.68, SD: 1.81; F(1, 53) = 2.57, p = 0.12)

that are less demanding in terms of response suppression and

response shifts. The more demanding test of executive functions,

i.e. CWI 4, showed a significant difference between HD and LD

(HD: mean-score: 12.17, SD: 1.98; LD: mean score: 10.79, SD:

2.79; F(1, 53) = 4,28, p = .044). Thus, only when there was a larger

requirement of executive functions there was a better performance

in the highest league vs. the lower league in this test.

TMT. In the part of the TMT which is testing sub-

components important for executive functions including visual

scanning, number sequencing, letter sequencing, and motor speed

(i.e. TM 2/3) the HD group showed a significantly better

performance compared with the LD group (HD: mean-score:

13.07, SD: 1.75; LD: mean score: 11.54, SD: 2.52; F(1, 53) = 6.73,

p = 0.012). Importantly, the HD group had significantly higher

points than the LD group on the primary executive component,

i.e. TMT 4 (HD: mean-score: 11.69, SD: 1.47; LD: mean score:

10.68, SD: 1.66; F(1, 53) = 4.6; p = 0.037).

Correlation. DF correlated significantly with CWI 1/2

(r = 0.364; p = 0.005), CWI 3 (r = 0.414; p = 0.001), CWI 4

(r = 0.428; p = 0.001), TM 2/3 (r = 0.382; p = 0.003), TM 4

(r = 0.339; p = 0.011).

Prospective test
In the prospective partial correlation test the DF result from

2007 was significantly correlated to the points (expressed as the

square root of the points due to a skewed distribution) made

January 2008 to May 2010, Correlation cf = 0.54; p = 0.006 (1-

tailed).

Discussion

This study shows that general executive functions are important

in soccer and can even predict a future success in soccer players. In

our cross-sectional test on executive functions (including our

primary test, DF, and the two other control tests - CWI and TM)

we found that the soccer players in the HD group had significant

better results than soccer players in the LD group. Moreover, both

groups performed much better on the executive tests than the

general population. The findings were observed for both male and

female players. The results are in line with previous studies on

specific sport skills that indicate that elite athletes compared with

sub-elite or novice has superior cognitive performance when it

comes to sport specific situations [8]. Here we have been able to

extend this finding to general executive functions but also to

compare performance of both groups to a general population. In

the prospective part of the study we showed that the DF predicted

future success measured in goals and assists, suggesting a causal

role for executive functions for sport success in soccer.

Executive functions are not a uniformly defined term but

generally used as a term to describe the cognitive processes that

regulate thought and action, especially in non-routine situations

[19]. Examples of these processes are problem solving, planning,

sequencing, selective and sustained attention, inhibition, utilization

of feedback, multi-tasking, cognitive flexibility and ability to deal

with novelty [20]. Different theoretical models are used to describe

the executive functions. Relevant for this study are the supervisory

Figure 1. In Design Fluency (DF) the High Division (HD) players
had significantly better scores than the Low Division players
(LD). This difference was observed for both men and women. Note that
both HD and LD players have superior scores compared with the
standard population.
doi:10.1371/journal.pone.0034731.g001
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attentional system (SAS) model [21] and the working memory

model of Baddeley [22], since they both emphasize the global

cognitive control operations of executive functions. The SAS

model suggests a regulatory mechanism divided into two

interactive components, the contention scheduling and the

supervisory attentional control. Contention scheduling monitors

the routine and over-learned behaviors while supervisory atten-

tional control is responsible for monitoring new data and what is

not yet routine. SAS has further been developed to the theory of

multi-tasking performance in everyday life [23]. The executive

functions have also been described as a fundamental part of

working memory as the central executive component [24]

interacting with the phonological loop and visual spatial sketchpad

[22]. New information will be on-line analyzed and compared

with earlier stored information to provide guidance to decision.

The ability to use and update memory in order to predict future

actions is a key aspect of the executive functions [25].

The development of the executive functions is considered to

take place progressively throughout childhood and the adolescence

from birth to 19 years of age [26,27]. It is possible that good

players actually develop better executive functions, although these

functions have been regarded as relatively stable through life [28].

Executive functions are related to only some aspects of IQ [14], i.e.

while the ability to update information in working memory is

closely correlated with IQ, inhibition and quickly switching

between different data show little or no relation to IQ.

The executive functions are thus important in order to capture

and discriminate among information in decision-making, espe-

cially during time constraints. In ball-sports like soccer there are

large amounts of information for the players to consider in every

new moment. The successful player must constantly assess the

situation, compare it to past experiences, create new possibilities,

make quick decisions to action, but also quickly inhibit planned

decisions. Thus, several core-features of executive functions such

as planning, sustained and divided attention, suppression of

previous responses, and working memory capacity are important

for a team player in soccer. These executive functions are assessed

in the tests used in the present study.

Executive functions - as a part of specific task related

perceptual-cognitive functions - have previous been extensively

studied in cognitive sports psychology for specific sports. For

example it has been shown that expert soccer players can recall

and recognize patterns of play more effectively than inexperienced

soccer players [29] and that expert players in general have

superior visual discrimination in a game-like situation [30,31].

Studies on situational probabilities show that elite soccer players

are better than their sub-elite counterparts in predicting and

ranking the ‘‘best passing options’’ available [32]. Thus, they

anticipate future events more efficiently, but also use this

information to seek and pick up new information, and use

different search strategies in different contexts of the play [29].

Similar studies in other ball sports [33] suggest that players

evaluate the probability of each possible event that could occur

and then use this information to maximize the efficiency of

subsequent behavior. Research from basketball and field hockey

[34,35] also points out the importance of cognitive evaluation and

that elite players have better ability than sub-elite players when it

comes to recall of other players’ position in a specific game

situation. These studies are in line with the suggestion that expert

players are superior in executive functions compared with novice

players. However, they cannot isolate specific executive functions

nor relate it to the general population. On a more theoretical level

the suggestion that top-players are superior in general executive

functions may change how the relation between cognition and

sport success is conceptualized.

A possible shortcoming of the prospective part of this study is

that we used goals and assists as our measures of performance

quality and achievement. Thereby, this analysis may miss other

factors that are not measured - for example how well did different

individuals defend or organize the early game forward. We hope

that we have been able to partially control for this as we controlled

for position in our analyses. Nevertheless, goals and assists are easy

to measure and undisputable. Thus, they are a good approxima-

tion of performance quality if other factors are well controlled for.

Investment in soccer players is a risky business where predictive

tools are lacking. This study suggests that the precision in selecting

the future stars should include not only judgement of physical

capacity, ball control and how well the player performs at present.

Our data suggest that measures of executive functions with

validated neuropsychological tests may establish if a player has the

capacity to reach top levels in soccer. Thus, the present study may

change the way ball-sports are viewed and analysed and how new

talents are recruited.

Author Contributions

Conceived and designed the experiments: TV RG MI PP. Performed the

experiments: TV. Analyzed the data: TV RG LM MI PP. Contributed

reagents/materials/analysis tools: TV RG LM MI PP. Wrote the paper:

TV RG LM MI PP.

References

1. Gould D, Pick S (1995) Sport psychology: The Griffith era, 1920–1940. The

Sport psychologist, Special issue: Sport psychology: A Historical perspective 9:
391–405.

2. Williams JM (2006) Applied Sport Psychology. New York: McGraw-Hill

companies, Inc.
3. Morris T (2000) Psychological characteristics and talent identification in Soccer.

The Journal of Sports Sciences 18: 715–726.
4. Williams AM, Reilly T (2000) Talent identification and development in soccer,

Journal of Sports Sciences 18(9): 657–667.

5. Reilly T, Williams AM, Neville A, Franks A (2000) A multidisciplinary approach
to talent identification in soccer, Journal of Sports Sciences 18: 695–702.

6. Memmert D (2011) Creativity, expertise, and attention: Exploring their
development an their relationships. Journal of Sport Science 29(1): 93–102.

7. Casanova F, Oliveira J, Williams M (2009) Expertise and perceptual-cognitive
performance in soccer: a review. Rev Port Cien Desp 9(1): 115–122.

8. Mann DT, Williams AM, Ward P, Janelle CM (2007) Perceptual-cognitive

expertise in sport: a meta-analysis. J Sport Exerc Psychol 29(4): 457–478.
9. Williams AM, Ford PR (2008) Expertise and expert performance in sport.

International Review of Sport and Exercise Psychology 1(2): 4–18.
10. Abernethy B, Baker J, Cote J (2005) Tranfer of Pattern Recall Skills May

Contribute to the Development of Sport Expertise. Applied Cognitive

Psychology 19: 705–718.

11. Williams AM, Ford PR, Eccles DW, Ward P (2010) Perceptual-Conitive

Expertise in Sport and its Acquisition: Implications for Applied Cognitive

Psychology. Wiley Online LibraryDOI 10.1002/acp.1710.

12. Stratton G, Reilly T, Richardson D, Williams AM (2004) Youth soccer: From

science to performance. London: Routledge.

13. Strauss E, Sherman EMS, Spreen O (2006) A compendium of neurpsychological

tests Admnistration, norms and commentary. Oxford: Oxford University Press.

14. Friedman NP, Miyake A, Corley RP, Young SE, DeFries JC, et al. (2006) Not all

executive functions are related to intelligence. Association for psychological

science 17–2.

15. Voss MW, Kramer AF, Basak C, Prakash RS, Roberts B (2010) Are Expert

Athletes Expert in the Cognitive Laboratory? A meta-analytic Review of

Cognition and Sport Expertise. Applied Cogntive Psychology 24: 812–826.

16. Kovac T (1996) On the profile of young soccer talents: A preliminary study.

Studia Psychologica 38: 63–66.

17. Homacka S, Lee D, Ricco CA (2005) Test review: Delis-Kaplan executive

function system. Journal of Clinical and Experimental Neuropsychology 27: 599.

18. Swanson J (2005) Canadian Journal of School Psychology 20: 117.

19. Friedman NP, Miyake A, Young SE, DeFries JC, Corley RP, et al. (2008)

Individual differences in executive functions are almost entirely genetic in origin.

Journal of Experimental Psychology: General 137: 201–225.

Executive Functions Predict the Sport Success

PLoS ONE | www.plosone.org 4 April 2012 | Volume 7 | Issue 4 | e34731



20. Chan RCK, Shum D, Toulopoulou T, Chen EYH (2008) Assessment of

executive functions: Review of instruments and identification of critical issues.

Archives of Clinical Neusopsychology 23: 201–216.

21. Norman DA, Shallice T (1986) Attention to action: Willed and automatic

control of behavior. In: Davidson RJ, Schwartz GE, Shapiro D, eds.

Consciousness and self-regulation: Advances in research and theory. New York:

Plenum. pp 1–18.

22. Baddeley A (1986) Working memory. Oxford: Oxford University Press.

23. Burgess PW (2000) Real-world multitasking from cognitive neuroscience

perspective. In: Monsell S, Driver J, eds. Control of cognitive processes:

Attention and performance XVIII. Massachusetts: The MIT Press. pp 465–472.

24. Baddeley A, Hitch G (1974) Working memory. In: Bower GH, ed. Recent

advances in learning and motivation 8. New York: Academic.

25. Greene CM, Braet W, Johnson K, Bellgrove MA (2008) Imaging the genetics of

executive function. Biological psychology 79: 30–42.

26. Anderson V, Anderson P, Northam E, Jacobs R, Catroppa C (2001)

Development of executive functions through late childhood and adolescence

in a Australian sample. Developmental Neurospychology 20(1): 385–406.

27. Anderson V, Northam E, Hendy J, Wrenall J (2001) Develomental

neuropsychology: A clinical approach. New York: Psychology Press.

28. McCrory P, Collie A, Anderson V, Davis G (2004) Can we manage sport related

concussion in children the same as in adults? British Journal of Sports Medicine
38: 516–519.

29. Williams AM (2000) Perceptual skill in soccer: Implications for talent

identification and development. Journal of Sports Sciences 18(9): 737–750.
30. Helsen WF, Pauwels JM (1993) A cognitive approach to visual search in sport.

In: Brogan D, Carr K, eds. Visual search II. London: Taylor & Francis. pp
177–184.

31. Helsen WF, Pauwels JM (1993) The relationship between expertise and visual

information processing in sport. In: Starkes JL, Allard F, eds. Cognitive issues in
motor expertise. Amsterdam: Elsevier. pp 109–134.

32. Ward P, Williams AM (2003) Perceptual and cognitive skill development in
soccer: the multidimensional nature of expert performance. Journal of Sport and

Exercise Psychology 25(1): 93–111.
33. Alain C, Proteau L (1980) Decision making in sport. In: Nadeau CH,

Halliwell WR, Newell KM, Roberts GC, eds. Psychology of motor behavior and

sport. Champaign IL: Human Kinetics. pp 465–477.
34. Allard F, Graham S, Paarsalu ME (1980) Perception in sport: Basketball. Journal

of Sport Psychology 2: 14–21.
35. Starkes JL, Deakin J (1984) Perception in sport: A cognitive approach to skilled

performance. In: Straub WF, Williams JM, eds. Cognitive sport psychology.

Lansing, NY: Sport Science Associates.

Executive Functions Predict the Sport Success

PLoS ONE | www.plosone.org 5 April 2012 | Volume 7 | Issue 4 | e34731


