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PURPOSE: Purposes of this study were to examine the differences in cognitive functions according to sports type and gender, and the
relationship between training experience, sports type, gender and cognitive functions.
METHODS: Participants were 147 middle and high school students consisting of 63 interceptive and 84 static sport athletes. Cognitive
functions were measured by using the choice reaction time (CRT), concentration grid test (CGT), Purdue spatial visual test (PSVT), and
digit symbol substitution test (DSST).
RESULTS: CRT reaction time in male athletes was significantly accelerated as the training experience in the interceptive sport increases.
The longer training experience of static sports, the lower DDST score in men, which means that it takes longer to match numbers and
signs. However, the relationships between training experience and CRT, DSST were not significant in female. The significant gender differences were found on CRT, CGT, and PSVT, DSST with female athletes showing higher score on the DSST, accuracy of CRT and
CGT but a slower response time to PSVT compared to the male ones.
CONCLUSIONS: Faster reaction time with increasing training experience in interceptive sport can be viewed as an effect of continuous interceptive training that involves mental effort to rapidly respond to a stimulus. The delayed processing speeds with increasing
training experience in static sport seem to support the notion of speed-accuracy trade-off. The fact that the relationship between training experience and cognitive functions were only significant in male athletes implies that the gender, which is influenced by the speedaccuracy trade-off phenomenon by sport training, is male.
Key words: Cognitive functions, Gender, Sports types, Training experience, Athlete

INTRODUCTION

formance. Expert athletes are reported to have better memory, attention,
perception, anticipation and decision-making skills than non-experts [3-

Sports Ministries in many countries including Hong Kong, Japan and

5]. Similarly, Huijgen et al. [6] reported that elite youth soccer players

Australia, participated in a project for athlete talent identification and

outperformed sub-elite players on executive function tests which exam-

development to enhance global competitiveness in elite sports. The vari-

ined higher order cognitive processes, including attentional control, in-

ables measured to identify gifted young athletes were limited to physical,

hibitory control, working memory, reasoning, problem solving and

physiological, anthropometrical, technical and genetic factors [1]. Re-

planning. Cona et al. [7] also showed that faster ultra-marathoners are

cently, sports psychologists have emphasized that cognitive functions in

more effective in motor inhibition, a subcomponent of executive func-

elite athletes is also a crucial factor for peak performance in sports. Ac-

tion, relative to slower runners. Therefore, it seems that cognitive func-

cording to a study by Vestberg et al. [2], the better the cognitive functions

tions are tightly related to sport performance.

athletes have, including their working memory, spatial attention, divided

Recently, it has been suggested that there may be specialized cognitive

attention, and information processing speed, the better their sports per-

functions for certain types of sports. A meta-analysis study showed that
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interceptive (e.g. tennis) and strategic sport (e.g. soccer) athletes perform

amined the impact of gender on cognitive skills in a sports context. A

better than static sport (e.g. shooting) ones in terms of processing speed

meta-analysis study which examined the relationship between expertise

[8]. Wang et al. [9] also revealed that open skill sport (tennis) athletes

in sports and laboratory-based measures of cognitions reported that

have superior inhibition control compared to closed skill sport (swim-

gender significantly accounted for heterogeneity, with males having a

mers) athletes and sedentary persons. In addition, Jacobson and Mat-

greater effect size for cognitive measures than females [8]. A study of

thaeus [3] found that self-paced athletes (e.g. bowling or running) scored

Jansen and Lehmann [17] demonstrated that both male non-athletes and

higher on an inhibition task than externally paced ones (racquet and

male athletes (soccer and gymnastics) showed better performance on a

team sports) and non-athletes, but externally paced athletes scored high-

mental rotation task than female non-athletes and female athletes prac-

er on a problem solving task. These results imply the existence of cogni-

ticing the same sport.

tive functions which are selectively beneficial according to the types of

Interestingly, the results of Moreau et al. [18] investigating the effect of

sports. Those cognitive abilities showing significant differences depend-

sport training on mental rotation were consistent with those of Jansen

ing on the types of sports were the processing speed skill, inhibitory

and Lehmann [17]. They found that male wrestlers and runners outper-

control, and problem solving. The cause of the selective benefit for cog-

formed female athletes practicing the same sport in the pretest and post-

nitive functioning according to the types of sports is speculated to be re-

test, although a 10-month sport-specific practice program led to a signif-

lated to the following two possibilities 1) that athletes scoring higher on

icant improvement of mental rotation in both sexes and for both sports.

specific cognitive functions are prone to show superior ability in the cor-

In contrast, female wrestlers and taekwondo athletes showed better per-

responding sports, and 2) that long-term training in a sport may en-

formance on a concentration task [19] and faster reaction time [20] than

hance the relevant cognitive functions.

the male ones, respectively. However, there is also a study suggesting the

In practice, a significant correlation between sport training experience

absence of any gender differences in terms of the visual-spatial abilities

and cognitive functions has been revealed. A study examining the influ-

of volleyball and tennis players [14]. In spite of their controversial results,

ence of skill level and training experience on psychomotor ability target-

gender seems to be a critical component which influences cognitive

ing judo athletes revealed that the senior group who had longer training

function and interacts with the types of sports.

experience showed higher cognitive performance than the junior group,

Therefore, the purposes of this study were to determine if there is a

and the more highly skilled group obtained better cognitive scores than

significant difference in cognitive functions depending upon the types of

the less skilled group. It has also been shown that training experience

sports and gender, if there is a relationship between cognitive functions

has a significant correlation with psychomotor skills in judo players [10].

and training experience, and if this relationship differs based on the types

This result implies that long term training in sports enhances cognitive

of sports. Our final goal is to provide a supplementary tool for the identi-

abilities relevant to the types of sports. That is, superiority of cognitive

fication of talented individuals who are cognitively prepared for sport.

functions seems to be influenced by both the types of sports and the
length of sport training.

MATERIALS AND METHODS

There is another significant variable that affects cognitive functions,
which is gender. Gur et al. [11] explained that the gender difference in

1. Participants

brain structure leads to sex-related differences in cognitive functioning.

The participants were 147 middle-high school athletes, including 84

Specifically, males, having a greater amount of white matter in the right

static and 63 interceptive sports ones. The static sport participants in-

hemisphere, tend to perform better on spatial tasks, whereas women,

cluded 27 athletics, 16 swimming, 3 rhythmic gymnastics, 4 artistic

having thicker gray matter in the left hemisphere, show more effective

gymnastics, 4 weight lifting, 10 archery, 5 shooting, 6 canoe, 7 triathlon,

verbal ability. Many studies have also found that men exhibit better per-

1 roller and 1 javelin athletes. The interceptive sport participants includ-

formance in terms of mental rotation [12], reaction time [13] and visual-

ed 11 wrestling, 16 judo, 28 taekwondo, 7 boxing and 1 soft tennis ath-

spatial ability [14]. In contrast, women exhibit superior memory [15], ver-

letes. The participants’ characteristics are shown in (Table 1).

bal task, and information processing abilities [16]. In spite of these clear
sex-related differences in cognitive functions, only few studies have ex-
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Table 1. Age, Height, Weight, BMI and Training experience of participants				
Gender

Number of participants
Age (year)
Height (cm)
Weight (kg)
BMI (kg/m2)
Training experience (month)

Sport types

Male
Mean±SD

Female
Mean ± SD

Static
Mean ± SD

Interceptive
Mean ± SD

95
15.68±1.58
171.54±8.81
65.45±13.62
22.40±2.75
48.80±26.64

52
15.16 ± 1.53
162.75 ± 5.61
59.22 ± 10.54
22.29 ± 3.29
46.56 ± 27.16

84
15.28 ± 1.54
167.88 ± 9.74
61.50 ± 13.32
21.88 ± 2.93
48.29 ± 27.21

63
15.79 ± 1.61
169.16 ± 7.58
65.57 ± 12.10
23.00 ± 2.86
47.63 ± 26.34

2. Materials

trieve, and transform abstract visual images; [24]). The test consisted of

The participants performed 4 cognitive function tasks: 3 computer-

30 questions including 13 symmetrical and 17 asymmetrical 3-D cube

ized tests (choice reaction time, concentration grid test and Purdue spa-

or cylinder shape objects with varied truncated slots. The participants

tial visualization task) and one paper-pencil test (digit symbol substitu-

were asked to select the same figure as that in a given example among 5

tion test).

choices for each item, in which the figure was rotated so as to have a different direction and angle, without a time limit. The next question was

1) Choice Reaction time Test (CRT)

displayed on the computer screen and moved to the right after pressing

CRT was administered to measure the information processing speed
[21]. The CRT consists of 60 stimuli made up of 20 red, 20 blue, and 20

the button. The accuracy (%), and average response time of correct answers were calculated.

yellow circles. The stimuli were randomly presented one at a time on a
computer screen. The participants were instructed to press the appropri-

4) Digit Symbol Substitution Test (DSST)

ate button corresponding to the stimuli presented at one second inter-

DSST was used to measure the information processing ability [25].

vals as quickly and accurately as possible. Specifically, the participants

The paper-pencil version of the DSST was employed in the present

needed to press the left, right or no button in response to the red, blue,

study. This test consists of nine digit-symbol codes that appeared on the

or yellow circles on the screen, respectively. The percentage of correct

top of the test sheet. The participants were required to fill in a small box

answers (accuracy) and mean reaction time (RT) of the total correct an-

with the symbols corresponding to the numbers (1-9) as accurately and

swers were calculated for the analysis.

quickly as possible in 120 seconds. The numbers of correct answers were
recorded.

2) Concentration Grid Test (CGT)

CGT was developed to assess attention, concentration and memory

3. Procedures

[22]. This test is comprised of numbers from 00 to 99. All of the digits

All of the participants were informed of the purpose of the experi-

were placed randomly in one of the 10 × 10 numerical grids on a com-

ment and signed the informed consent. The test was conducted in a qui-

puter screen. The participants were asked to search for consecutive num-

et computer room. The participants were asked to complete four cogni-

bers in the range from 00 to 99 and respond by clicking on the grid with

tive tests, including the choice reaction time test, concentration grid test,

the mouse as quickly and accurately as possible. The completion time

Purdue spatial visualization task and digit symbol substitution test to the

and accuracy on the CGT were automatically calculated and saved for

best of their ability. The three computerized tests, which were displayed

further analysis.

in randomized order, were followed by the paper-pencil test. Prior to the
actual test, 3 practice trials for each test were provided to make sure the

3) Revised Purdue Spatial Visualization Tests: Visualization of Rotations

participants understood them.

(Revised of PSVT: R)

PSVT [23] was employed to determine the spatial visualization ability,
a subcomponent of spatial ability (skills needed to generate, retain, rehttp://www.ksep-es.org 
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ing experience is a significant predictor of 7 dependent variables of cog-

RESULTS

nitive functions according to sports type, gender, and gender of each
sport type. The assumptions of normal distribution of all variables were

The simple linear regression analysis examining the relationship be-

examined using the Kolmogorov-Smirnov test. To evaluate the differ-

tween training experience and cognitive functions according to sport

ences in cognitive functions (accuracy and reaction time on the CRT,

type revealed that training experience was positively correlated with

accuracy and completion time on the CGT, accuracy and response time

CRT-RT in the case of interceptive sports (R2 =.066, p =.035), but nega-

on the PSVT, and total score on the DSST) depending on the gender

tively correlated with CRT-RT in the case of static sports (R 2 =.059,

and sports types, a 2 (gender) × 2 (sports type) factorial multivariate

p =.026). Furthermore, training experience were also negatively correlat-

analysis of variance (MANOVA) was conducted. A univariate analysis of

ed with the total score on the DSST (R 2 =.055, p =.032) in static sports.

variance test was conducted to follow up on the significant main effects.

There were no significant associations between training experience and

The level of significance was α =.05. All statistical analyses were con-

other cognitive functions in either type of sports.

ducted using SPSS.

The regression analysis examining the relationship between training
experience and cognitive functions according to gender revealed that the
training experience was negatively correlated with DSST score (R2 =.043,
Choice Reaction Time (CRT)
Interceptive sport
Male

Female

550

450

Male

650

CRT-RT (ms)

CRT-RT (ms)

650

Static sport
Female

550

450

R2 =.097
P= .042*

350

0

350

24 48 72 96 120 144
Training experience (month)

0

24 48 72 96 120 144
Training experience (month)

Fig. 1. Scatter plot of training experience and reaction time of CRT of male and female athletes in interceptive and static sports (*p<.05).
Digit Symbol Substitution Test (DSST)
Interceptive sport
Male
Female

120

100

100

80

80

DSST Score

DSST Score

120

60
40
20
0

Static sport
Male

60
40

R2 =.125
P=.010*

20
0

24 48 72 96 120 144
Training experience (month)

Female

0

0

24 48 72 96 120 144
Training experience (month)

Fig. 2. Scatter plot of training experience and total score of DSST of male and female athletes in interceptive and static sports (*p<.05).
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Table 2. Simple linear regression between training experience and cognitive functions in male and female athletes of interceptive and static sports		
Cognitive functions
CRT

Sport type

Accuracy (%)

Interceptive
Static

Reaction time (ms)

Interceptive
Static

CGT

Accuracy (%)

Interceptive
Static

Completion time (s)

Interceptive
Static

PSVT

Accuracy (%)

Interceptive
Static

Response time (s)

Interceptive
Static

DSST

Score

Interceptive
Static

Gender

B

R2

df

F

p

Male
Female
Male
Female
Male
Female
Male
Female

-.107
-.242
-.079
.182
-.312
-.055
.23
.286

.011
.059
.006
.033
.097
.003
.053
.082

1,41
1,18
1,50
1,30
1,41
1,18
1,50
1,30

.474
1.124
.313
1.024
4.421
.054
2.803
2.670

.495
.303
.578
.320
.042*
.819
.100
.113

Male
Female
Male
Female
Male
Female
Male
Female

.106
.341
-.242
-.013
-.205
.015
.066
-.056

.011
.116
.059
.000
.042
.000
.004
.003

1,41
1,18
1,50
1,30
1,41
1,18
1,50
1,30

.470
2.367
3.121
.005
1.796
.004
.217
.095

.497
.141
.083
.942
.188
.950
.643
.760

Male
Female
Male
Female
Male
Female
Male
Female

.209
-.101
-.036
.276
.119
.182
-.024
.031

.044
.010
.001
.076
.014
.033
.001
.001

1,41
1,18
1,50
1,30
1,41
1,18
1,50
1,30

1.872
.185
.067
2.467
.584
.614
.028
.029

.179
.673
.797
.127
.449
.443
.868
.867

Male
Female
Male
Female

.025
-.149
-.354
-.088

.001
.022
.125
.008

1,41
1,18
1,50
1,30

.026
.409
7.144
.232

.874
.530
.010*
.633

*p<.05.

CRT

94
90
90

Male

99
98
97
96

A

**

Male

24

B

Female

D

DSST

70

**

Female

*

65
Score

Response time (s)

Female

PSVT

26

CGT

100

**

Accuracy (%)

Accuracy (%)

96

22
20

60

Male

Female

C

55

Male

Fig. 3. (A) Accuracy rate of CRT, (B) Accuracy rate of CGT, (C) Response time of PSVT and (D) Total score of DSST of male and female athletes (*p<.05, **p<.01).
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p =.045) in male athletes, but not in female athletes. However, there were

type revealed that the training experience was negatively related to CRT

no such significant correlation between training experience and other

in interceptive sports, but positively related to CRT in static sports. In in-

sub-domains of cognitive functions regardless of gender.

terceptive sports, CRT is the only variable that shows a significant rela-

The regression analysis examining the relationship between training

tionship with training experience, and an increase in experience causes

experience and cognitive functions according to gender of each sports

a shortening of the RT, which is consistent with the result of previous

type revealed that there was a negative correlation between CRT-RT and

meta-analyses, in which “interceptive sports showed the largest statisti-

training experience of interceptive sports in male athletes (R =.097,

cally significant effect on measures of processing speed” [5,8]. In addi-

p =.042), but not in females as shown in Fig. 1. Such relationships above

tion, Mann et al. [5] reported that the relationship between the level of

were not observed in static sports. Moreover, in male athletes of static

expertise of athletes and their response time varies with the sports. Spe-

sports, the significant negative correlation between total score of DSST

cifically, expert athletes in interceptive and strategic sports exhibited

and training experience was observed (R =.125, p =.010), but was not

faster RTs than their less skilled counterparts. However, there was no

appeared in females as presented in Fig. 2. However, there were no such

difference in RT according to the level of skill in other sports. Athletes in

relations were found in interceptive sports. Besides, the significant rela-

sports where interceptive actions are predominant showed the greatest

tionship between training experience and other subcomponents of cog-

benefit on measures of processing speed.

2

2

nitive performances, CGT and PSVT were not found without regarding

Since previous studies which examined the difference in processing

gender and sports types (Table 2). Analysis of the Kolmogorov–Smirnov

speed depending on the level of skill or sports types were cross-sectional

indicated that the cognitive variables showing the relationship with

ones, it is still unclear whether the faster processing speed found in inter-

training experience were normally distributed.

ceptive sport athletes relative to athletes in strategic or static sports is the

The results of the MANOVA revealed a significant main effect of gen-

result of training or due to their natural talent in terms of processing

der (F13,131 = 8.19, p <.001, λ=.551). Post hoc analysis demonstrated that

speed. However, recent studies which investigated the processing speed

the female athletes had higher accuracy on the CRT (F13,143 = 8.112, p =

of interceptive sport athletes with different sports experience reported

.005) and CGT (F13,143 = 9.205, p =.003) and a higher score on the DSST

that more experienced athletes had a faster processing speed than less

(F13,143 = 6.691, p =.011) compared to the male athletes, whereas the male

experienced ones [10,26]. In the present study, the interceptive sport ath-

athletes showed a faster response time on the PSVT (F13, 143 =7.950,

letes exhibited a reduction in their processing speed with increasing

p =.005) (Fig. 3). However, there were no gender differences in the choice

training experience. Such results support the hypothesis that interceptive

reaction time, completion time of the CGT or accuracy of the PSVT.

sport training reduces processing speed.

The main effect of sports types, and the interaction between gender and
sports types were not significant.

Then, what creates the beneficial effect of interceptive sport training
on processing speed? Interceptive sport is a type of sport that includes
the characteristics of aerobic exercise and competitive sports. A meta-

DISCUSSION

analysis on the effect of aerobic exercise on cognitive functions revealed
the benefits of aerobic exercise in terms of executive functions, visuospa-

This study examined the relationship between training experience

tial processing, controlled processing, and processing [27]. In the present

and cognitive functions according to sports type, gender, and gender of

study, however, the relationship between training experience in intercep-

each sports type. The regression analysis revealed that training accounts

tive sports and cognitive functions was only significant in regards to the

for a significant amount of the variance of the choice reaction time

choice reaction time. This may be due to the nature of interceptive sports

(CRT) and digit symbol substitution test score (DSST). Notably, the di-

that involves mental demands requiring rapid reaction to the stimulus.

rection of the relationship between training experience and CRT and

Contrary to interceptive sports, static sports exhibited delayed reac-

DSST differed depending on the sports type, gender, and gender of each

tion time with increasing training experience. Mann et al. [5] observed a

sports type.

smaller effect on response time in static sport athletes than in other

The simple linear regression analysis examining the relationship be-

sports types. Sports were defined as static if they involved highly consis-

tween training experience and cognitive functions according to sport

tent, self-paced situations [8]. For this reason, static sport training is con-
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centrated more on the enhancement of accuracy and consistency than

men (Fig. 2), which means that it takes longer to match numbers and

improving prompt response to stimuli in a rapidly changing environ-

signs. These results implies that the longer the training experience of

ment. In shooting and archery, for example, physical fixation training is

static sports such as shooting and archery, which is the most important

conducted to minimize body movements.

goal of improving accuracy, the slower the information processing speed

As found in this study, long-term training to enhance accuracy and

of men. It means that the gender, which shows the speed-accuracy trade-

consistency may lead to a reduction in processing speed, which can be

off phenomenon by the training of the sport, is male. It is well known

understood in terms of a speed-accuracy trade-off. This speed-accuracy

that prenatal testosterone levels yields gender differences in brain [31]. It

trade-off expresses the negative relationship between speed and accura-

has been also proven that there is a gender differences in brain and cog-

cy, which is a phenomenon in which speed increases as accuracy de-

nitive function. For example, women are known to have better language

creases and vice versa [28]. As a fundamental principle of human perfor-

perception [32], and fine motor skills [33], in which accuracy is impor-

mance, the speed–accuracy trade-off was refers to either when the peo-

tant, whereas men are capable of spatial perception [34], or motor skills

ple try to perform faster response with a large number of error rate or

[35]. In fact, testosterone has been shown to improve blood circulation in

slower in decision making or movement responding but make more ac-

the brain areas, which are responsible for strategic planning, arousal

curate [21]. Therefore, it is possible that the long-term physical fixation

state, memory and complex motor behavior [36,37].

training of static sport athletes to increase their accuracy leads to a delay
in their processing speed.

The MANOVA to examine the influence of gender and sports type
on cognitive function revealed sex-related differences in cognitive func-

The negative relationship between processing speed and training ex-

tions, as shown in Fig. 3. The females showed higher accuracy on the

perience in static sport athletes was also found in the digit-symbol sub-

choice reaction time (CRT) test, and concentration grid test (CGT) and a

stitution test (DSST). The DSST scores showed strong correlations with

slower response time on the Purdue spatial visual test (PSVT), relative to

measures that in some way involve perceptual speed or processing speed

the males. Barral and Debu [38] examining sex-related difference in mo-

[29,30]. A higher DSST score reflects faster perceptual or processing

tor control revealed that women were globally slower and more accurate

speed. The static sport athletes exhibited lower DSST scores as their

than men. Similar results were replicated with females showing higher

training experience increased. This decline in processing speed can be

accuracy on the CRT [38] and CGT [19] and a slower response time on

seen as a counteraction to increased accuracy resulting from long-term

the PSVT [39] relative to males. Barrel and Debu [38] insisted that such

training in of static sports.

gender differences could result from a sex-related difference in the neu-

As shown in the choice reaction time test and the symbol digit substi-

ral mechanism of movement control, namely that females take advan-

tution test, the static sport athletes exhibited a delay in their processing

tage of their slower movements to process a greater amount of move-

speed with increasing training experience. Importantly, however, it can-

ment-produced feedback and achieve greater accuracy. This is a plausible

not be concluded that a slow reaction time is beneficial in static sports.

cause of the higher accuracy but slower response to the cognitive tests

Even though static sport training has a tendency to slow the processing

observed in the female participants in the present study.

speed, it is unclear whether such delay in processing speed is beneficial

The score on the digit symbol substitution test (DSST) was higher in

to sport performance. Thus, a broader population of static sport athletes

the females than the males. This result is consistent with previous stud-

must be examined to determine the difference in processing speed ac-

ies showing that the performance on the Digit-Symbol subtest typically

cording to the level of skill.

favors females with medium effect sizes (Cohen’s d = 0.5; [40]). The fe-

The regression analysis examining the relationship between training

male advantage on the DSST is claimed to be explicable in terms of sex

experience and cognitive functions according to gender of each sports

differences in rapid recognition, attentional shifting or information pro-

type revealed that the reaction time in male athletes was significantly ac-

cessing capacity [41]. Likewise, this clear sex-related difference in cogni-

celerated as the training experience increases in the interceptive sports as

tive functions implies that gender should be considered as a meaningful

shown in Fig. 1, which requires quick judgment and response, but the

variable influencing sport type-related cognitive function.

relationship was not significant in female. On the other hand, the longer

In the present study, no significant difference in cognitive function

the training experience of the static sports, the lower the DDST score in

was found depending on sports types. This may be due to the length of

http://www.ksep-es.org 
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time being insufficient to have cognitive benefits from long-term train-

5. Mann DTY, Williams AM, Ward P, Janelle CM. Perceptual-cognitive

ing, as the participants of this study were junior athletes with an average

expertise in sport: a meta-analysis. Journal of Sport & Exercise Psy-

of 4 years of experience. In future studies, it will be necessary to examine

chology 2007;29(4):457-477.

elite athletes with longer career experience or with expert skill levels, in

6. Huijgen BCH, Leemhuis S, Kok NM, Verburgh L, Oosterlaan J, et al.

order to see if there is a cognitive function specific to certain sports

Cognitive functions in elite and sub-elite youth soccer players aged 13

types. A more accurate investigation of the effect of training on cogni-

to 17 years. PLoS ONE 2015;10(12):e0144580.

tive function would require a longitudinal study, observing the changing
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