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Abstract

Based on the work of both Eysenck and Nideffer, we hypothesized that higher ranking players 

(HRP) would have lower competitive anxiety and more flexible attention-shifting, compared to 

lower ranking players (LRP). In addition, different patterns of attention (low anxiety and flexible 

attention) would be represented by a different pattern of brain activity within the temporal lobe 

and dorsolateral prefrontal cortex. In accordance with the rookie draft ranking, the players were 

classified into 2 groups: HRP (top 30 % of those selected in the draft) vs. LRP (bottom 30 % of 

those selected in the draft). For assessment of executive function, a computerized version of the 

Wisconsin Card-sorting Test (WCST) was used. Brain activity was assessed using 1.5-Tesla 

functional magnetic resonance imaging. In response to scenes depicting baseball errors, HRP 

showed increased activation in the left cingulate cortex and decreased activation in right middle 

temporal gyrus, compared to LRP. In response to the simplified WCST in the scanner, HRP 

showed increased activation in left superior frontal cortex (DLPFC), compared to LRP. The 

present results suggest that HRP may demonstrate elevated cingulate activation and lower 

temporal cortex activation in response to scenes depicting baseball errors.
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Introduction

Anxiety, performance, achievement and errors

Performance in sports is thought to be associated with anxiety states of athletes under high-

pressure conditions [9]. Player concerns about other people’s evaluations of their 

performance has been reported to provoke competitive sports anxiety in youth skiers [4]. 

Indeed, several studies have noted that perfect skills and a lower rate of errors in elite players 
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in sports might result from lower competitive anxiety during game play [5]. Examining a 

basketball free throw and a darts task, Englert and Bertrams [9] suggested that self-control 

reduced anxiety, which improved athletic performance under pressure. Wang et al. [37] 

reported that the best predictors of performance failure in a high-pressure situation (choking) 

in sports were self-consciousness and high trait anxiety. Indeed, several studies have noted 

that perfect skills and a lower rate of errors in elite players in sports might result from lower 

competitive anxiety during game play [5, 20]. Coelho et al. [5] reported that reduced 

competitive state anxiety was associated with decreased perceived stress and increased self-

confidence in elite tennis players. High self-confidence with low competitive anxiety has 

been proposed to increase the intensity of feeling total control over performance [20]. In 

addition, past studies have shown negative correlations between cognitive anxiety and 

accuracy of sports skill in elite athletes [3]. Several studies have reported that elite athletes 

have lower competitive anxiety, which was inversely associated with performance during 

game play, compared to general athletes [16, 19]. In a comparison of rugby, basketball, 

soccer and field hockey athletes with higher or lower levels of competitive anxiety, athletes 

with lower anxiety were less discouraged and reported less stress than athletes with higher 

anxiety [16]. In our previous study, we reported that elite professional soccer and baseball 

players had lower stress and anxiety during competitive situations, compared to general 

players [19].

Attentional set-shifting and good performance

Attentional distraction involving set-shifting is one of the primary strategies that individuals 

use to regulate anxiety [23]. Attentional shifting is thought to be an automatic strategy for 

the regulation of emotion, since it requires minimal cognitive effort [35]. As a strategy for 

emotional regulation, attentional set shifts one aspect of a situation to another aspect of the 

situation or entirely away from the situation altogether [17]. In an analysis of 142 

undergraduate students, attentional shifting was negatively correlated with state anxiety [36]. 

Attentional shifting which was associated with flexible problem-solving has been thought to 

reduce instrumental disability in older patients with depression [33]. For controlling 

competitive anxiety, elite players are thought to use attentional shifting which may be 

associated with excellent performance [19, 39]. The Wisconsin card-sorting test (WCST) is 

known to assess selected task components including set-shifting, working memory and 

inhibitory control processes [25]. One of the sub-components of the WCST, perseverative 

errors, may reflect ‘set-shifting’ which consists of shifting subject focus from a previously 

relevant dimension to a new dimension [7].

Brain imaging studies in sports

The results of functional brain imaging studies in sports may be important for characterizing 

practice-dependent areas during sports performance [1, 6]. Badminton expertise is reported 

to be associated with increased functional connectivity in frontoparietal regions [6]. Body 

awareness is important for performance-monitoring in expert basketball players, while 

higher-order decision-making strategies are used for performance-monitoring in novice 

basketball players [1]. A number of brain imaging studies have reported that the temporal 

lobe, including the amygdala, hippocampus and insular cortex activate in response to phobic 
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or anxious stimulation [22]. In addition, attentional shifting and perseverative responses have 

been associated with dorsolateral prefrontal cortex activity [32].

Hypothesis

Attentional control theory developed from Eysenck and Calvo’s [14] processing efficiency 

theory rests on 2 assumptions: (1) state anxiety is associated with performance effectiveness, 

and (2) the working memory involving attentional shifting is affected by anxiety. The test of 

attentional and interpersonal style (TAIS) has suggested 2 types of attentional focus, a 

dimension of width (broad to narrow) and a directional dimension (internal or external) [30, 

31]. In response to each focus type, the response is different: (1) broad-external focus – 

environmentally aware and ready to react automatically and/or instinctively to something 

occurring around athletes; (2) broad-internal focus of concentration analysis, strategy and 

planning; (3) narrow-internal focus – assessing and manipulating internal state in some 

systematic way to mentally check breathing rate; and (4) narrow-external focus – actually 

performing some physical (e. g., hitting a ball) or interpersonal (asking a question or 

confronting an issue) task. Increased arousal (anxious and stressful conditions) breaks down 

attention shifting and narrows the attentional width to be more internally focused [30]. In 

addition, under stressful situations, there are involuntary biological changes, including heart 

rate, respiration rate, muscle tension and pupillary constriction which affect athletic 

performance [13].

Based on the work of both Eysenck and Nideffer, we hypothesized that HRP would have 

lower competitive anxiety and more flexible attention shifting, compared to LRP. In 

addition, different patterns of attention (low anxiety and flexible attention) would be 

represented by a different pattern of brain activity within the temporal lobe and the 

dorsolateral prefrontal cortex.

Methods

Subjects

All subjects were rookie players in the Korean Baseball Organization (KBO) during 1 of 3 

seasons: 2009, 2010, or 2011. 2 probaseball teams annually select about 8–10 amateur 

baseball players from high school and university teams. Of 57 rookie players on 2 

professional baseball teams, 33 players agreed to participate in the current study. In 

accordance with published rookie draft rankings, the players were classified into 2 groups: 

13 higher ranking players (top 30 % of those selected in the draft) vs. 20 lower ranking 

players (bottom 30 % of those selected in the draft). The Chung Ang University Institutional 

Review Board approved the research protocol of this study. Written consent was provided by 

all players. In addition, all authors read and understood IJSM’ ethical standards and the 

current research met the ethical standards of the IJSM [21].

Assessments

Anxiety—The Korean version of Spielberger’s State-Trait Anxiety Inventory (STAI form 

Y) was used for estimating trait anxiety of subjects. State anxiety during game play was 

assessed using the Korean version Competitive State Anxiety Inventory-2 (CSAI-2) [26]. 

Han et al. Page 3

Int J Sports Med. Author manuscript; available in PMC 2017 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The internal consistency of K-CSAI-2 has been reported to range from 0.75 to 0.90 [26]. To 

identify an appropriate stimulation for anxiety provocation in the scanner, we first conducted 

a survey of the 33 participants. An open ended question, “What makes you anxious during 

baseball game play?” was asked, and the number of answers was not limited. The answers 

included: errors during play (23), slumps (15), spectators (15), consecutive defeats (12), 

opposing team players (9), weather (7), same team coach (5), same team players (3), none 

(2) and others (11). Based on that information, we selected scenes which depict errors 

during play in order to provoke anxiety.

Cognitions

For assessing executive function, a computerized version of the Wisconsin Card-sorting Test 

(CNT4.0, Maxmedica Inc) was used [27]. Baseball players matched each test card to 1 of 4 

reference cards. Through trial and error, players would identify the correct sorting rule 

(color, object numbers or shape). Players performed the test until either the identification of 

3 correct sorting rules twice (6 categories) or until all 128 cards had been played. Outcomes 

were measured by the number of categories completed, the number of perseverative errors 

and responses, the number of trials taken to complete the first category, and the total number 

of errors. The reliability of the computerized version-WCST is reported as Cronbach’s α = 

0.783. The intelligence Quotient (IQ) was assessed using the Korean-Wechsler Adult 

Intelligence Scale (K-WAIS). K-WAIS consists of 11 sub-categories (Information, Digit 

Span, Vocabulary, Arithmetic, Comprehension, Similarity, Picture Completion, Picture 

Arrangement, Block design, Object Assembly and Digit Symbols). The internal consistency 

of K-WAIS has been reported to range in Cronbach’s α from 0.78 to 0.94 [24].

Brain activity

Brain activity in baseball players was assessed 2 times using functional magnetic resonance 

imaging (1.5 Tesla Espree MRI scanner, SIEMENS, Erlangen, Germany) in response to 

scenes depicting errors and modified WCST performance in scanner. Error stimulation 

consisted of short videos depicting errors during important moments in the game. For 

example, a second baseman missed a ball with bases loaded and one out. A first baseman 

misses an easy foul fly ball with bases loaded and 2 outs. 2 versions of the WCST were 

administered. Before scanning, baseball players were assessed by the completed WCST-

computerized version. Inside the scanner, baseball players watched a black screen consisting 

of 4 reference cards on the upper section of the screen and one stimulus card in the middle 

of the lower section of screen. A 2 button keypad was used to match the stimulus card to 1 of 

the 4 reference cards. Each stimulus card was presented for 4000 ms. After each decision, 

visual feedback (correct or incorrect) was presented on the screen for 500 ms followed by a 

blank screen (500 ms). The WCST neutral block consisted of reference cards only in the 

upper section of the screen without a stimulus card. During the WCST neutral period, 

baseball players were asked to push the keypad buttons randomly.

Each scenario consisted of a 450-s picture/video with 5 continuous 90-s segments. Each 90-s 

segment consisted of three 30-s sub-segments. A white cross on a black background (B), a 

neutral control (N, reference cards + pushing button/mosaic scene) and the task (T, 

Wisconsin card-sorting test/video depicting errors) were included in these 90-s segments. 
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The order of 5 segments and the MRI scan protocol were the same as seen in a previous 

study [18].

fMRI data analysis

The 2 sets of fMRI data were analyzed using the Brain Voyager software package (BVQX 

1.9, Brain Innovation, Maastricht, The Netherlands). The fMRI time series data was co-

registered to the anatomical 3D data sets using the multi-scale algorithm provided by 

BVQX. Individual 3D structural images were spatially normalized to standard Talairach 

space. An identical nonlinear transformation was subsequently applied to the T2*-weighted 

fMRI time series data. Following preprocessing steps for slice scan time correction and 3D 

motion correction, the functional data were spatially smoothed using a Gaussian kernel with 

an FWHM of 6 mm and temporally smoothed using Gaussian kernel of 4 s using algorithms 

provided by BVQX.

Statistical analysis

The general linear model (GLM) and random effects analysis (RFX) were applied to analyze 

the fMRI signal time-courses on a voxel-by-voxel basis and to generate individual and group 

statistical parametric maps of brain activation. For all analyses, we regarded the associations 

as significant when the uncorrected p-value was less than or equal to false discovery rate 

(FDR) correction < 0.05 in 40 adjacent voxels. In an F test, interaction within Factor (task 

scene vs. neutral scene) × between factor (HRP vs. LRP), we found 3 clusters. As a second-

level analysis in all players, Spearman correlations were used to evaluate relationships 

between the mean β value in clusters and draft ranking, cognitive function results and 

anxiety. To account for multiple comparisons, we set significant p-values as being less than 

or equal to 0.05/4.

Results

Demographic characteristics

There was no significant difference in terms of age, years of education, years of playing 

baseball and economic status between HRP and the LRP groups. However, by design, there 

were significant differences in the earned run average (ERA), batting average and draft 

ranking between the HRP and LRP groups.

Anxiety and cognitive function

HRP showed lower competitive anxiety on the CSAI-2, compared to LRP (z = 2.70, p < 

0.01). There were no significant differences in IQ between the HRP and LRP groups (Table 

1). However, on the full WCST, HRP committed fewer perseverative errors, compared to 

LRP (z = 2.08, p = 0.03). There were no significant differences in other sub-categories of the 

WCST (Table 1).

Brain activity

In response to scenes depicting baseball errors, HRP showed increased activation in the left 

cingulate cortex, compared to LRP. In response to scenes depicting errors, HRP also showed 
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decreased activation in the right middle temporal gyrus, compared to LRP. In response to the 

modified WCST performance in the scanner, HRP showed increased activation in the left 

superior frontal cortex, compared to LRP (Fig. 1) (Table 2).

Correlation of anxiety, cognition and brain activity

The β value of right middle temporal gyrus activation in all baseball players was positively 

correlated with CSAI-2 scores (r = 0.52, p < 0.01). The β value of the right middle temporal 

gyrus activation in all baseball players was positively correlated with draft ranking at a trend 

level (r = 0.36, p = 0.04). The β value of left superior frontal cortex activation in all baseball 

players was negatively correlated with perseverative errors (r = −0.45, p < 0.01) (Fig. 2). The 

β value of the left superior frontal cortex activation in all baseball players was negatively 

correlated with draft ranking (r = −0.41, p = 0.01). The mean off-line CSAI-2 scores were 

weakly correlated with perseverative errors in all baseball players. However, this result was 

not statistically significant (r = 0.31, p = 0.09).

Discussion

Although the total number of subjects in this study was not large enough to show a direct 

correlation between anxiety and attention shifting, the current results suggest that HRP have 

lower competitive anxiety with less activity within the temporal cortex and more flexible 

attention shifting with greater activation in the dorsolateral prefrontal cortex, compared to 

LRP. To the best of our knowledge, this is the first report supporting attentional control 

theory (anxiety and performance, attention shifting and anxiety) [14] with the evidence of 

brain activation in response to anxiety provocation situations and attention shifting in 

baseball players.

Anxiety, performance and brain activation in response to anxiety provocation situation

HRP demonstrated lower competitive anxiety compared to LRP. This is not a surprising 

result, and similar findings have been reported in a number of research studies [19, 38]. 

Wiggins et al. [38] reported that basketball players who experienced lower anxiety were less 

discouraged and less stressed during competition, compared to basketball players who 

reported higher anxiety. Our previous research noted that elite baseball and soccer player 

groups showed less state anxiety, compared to general player groups [19].

In response to the presentation of errors, HRP showed increased activity in the cingulate 

gyrus and decreased activity in middle temporal gyrus, compared to LRP. In addition, 

activity of the temporal lobe in response to errors being committed was positively correlated 

with measures of competitive anxiety and draft ranking at a trend level of significance across 

all baseball players. Phobic and anxiety processes are thought to be linked to hypervigilance 

in the temporal lobe and prefrontal regulatory resources to implement avoidant response 

strategies [22]. For example, in patients with post-traumatic stress disorder (PTSD), a 

number of investigators have reported hyperresponsive amygdala activity and 

hyporesponsive anterior cingulate activity (failing to inhibit an exaggerated amygdala) [34].

The cingulate gyrus in healthy volunteers is thought to regulate emotional conflict including 

anxiety by dampening the activity of the amygdala [8, 11]. Moreover, the failure of anterior 
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cingulate activation and connectivity with the amygdala in response to an emotional conflict 

task has been reported in generalized anxiety disorder patients [12]. In particular, the dorsal 

cingulate is thought to evaluate emotional information and generate appropriate responses 

[10]. In our results, competitive anxiety was positively correlated with the activity of the 

middle temporal gyrus. Overall, HRP observed error scenes with less activation of the 

temporal lobe region and more activation within the cingulate gyrus.

Attention shifting, performance, anxiety and brain activation in response to attention 
shifting situations

In the WCST, HRP generated fewer perseverative errors, compared to LRP. In an attention 

shifting test involving reaction time with 12 higher level volleyball players, Fontani et al. 

[15] found that greater selective attention was accompanied by shorter reaction times. 

Moreover, Yamashiro et al. [39] reported that baseball-specific training regimens may 

shorten the response time for motor initiation by alterations in the cortical hand 

representation areas in baseball players. In our prior research, elite professional players had 

fewer perseverative errors compared to general professional players [19].

In the WCST stimulation, HRP showed increased activity in the left prefrontal cortex 

compared to LRP. In addition, the activity of the left prefrontal cortex was negatively 

correlated with perseverative errors. Barch et al. [2] suggested that response shifting, which 

includes the evaluative process of determining whether or not to shift a response, was 

associated with dorsolateral prefrontal cortex activity. Several fMRI studies have already 

reported that the dorsolateral prefrontal cortex is one of the critical areas mediating 

perseverative errors [32]. Overall, HRP may use more ‘set-shifting’ with activation of 

DLPFC, compared to LRP. However, there was only weak correlation between competitive 

anxiety and perseverative errors in all baseball players. The present study did not show an 

influence of anxiety on attention shifting in baseball players.

There are several limitations to the current study. First, the number of subjects was not large 

enough to fully represent the high-ranking players or low-ranking players. However, the 

subjects are highly qualified baseball players in the professional Korean baseball 

organization (KBO). Second, the criteria for ‘higher ranking’ and ‘lower ranking’ is 

somewhat arbitrary because it is based solely on the draft rankings.

This study suggests that high-ranking players may control anxiety with increased cingulate 

and decreased temporal cortex activation in response to error situations. They also employ 

flexible set-shifting with increased DLPFC activation during a modified WCST task. From a 

practical perspective, current results support the potential use of biofeedback and other self-

regulation techniques such as imagery for reducing anxiety. Further, mental rehearsal 

(imagery) of playing for flexible coping method may also be helpful for performance 

enhancement [28, 29].
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Fig. 1. 
Brain activity in response to Wisconsin card-sorting test/error stimuli. HRP: higher ranking 

players LRP: lower ranking players.
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Fig. 2. 
The correlation between β value of brain activity and anxiety/perseverative error. a The β 
value of right middle temporal gyrus was positively correlated with competitive anxiety (r = 

0.52, p < 0.01), competitive state anxiety inventory-2 (CSAI-2). b The β value of left 

superior frontal cortex activity in all baseball player was negatively correlated with 

perseverative errors (r = −0.45, p < 0.01).
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Table 1

Demographic and psychological characteristics.

Higher ranking
players (N = 13)

Lower ranking
players (N = 20)

Statistics

Demographic data

Age 19.7 ± 1.5 20.4 ± 1.8 z = 1.1, p = 0.27

Years of education 12.9 ± 1.75 14.0 ± 2.1 z = 1.3, p = 0.19

Years of playing sport 9.8 ± 1.8 10.6 ± 2.3 z = 1.1, p = 0.25

Position (pitcher/field player) 9/4 8/12 χ2 = 2.7, p = 0.10

ERA/batting average 2.17/0.488 4.01/0.285 z = 2.8, p < 0.01*/z = 2.9, p < 0.01*

Draft ranking 16.6 ± 8.4 75.3 ± 18.1 z = 4.8, p < 0.01*

Psychological data

Anxiety

  Trait Anxiety 38.8 ± 8.2 41.3 ± 8.4 z = 0.60, p = 0.54

  CSAI-2 51.3 ± 6.4 57.2 ± 4.9 z = 2.70, p < 0.01*

K-WAIS 103.4 ± 13.7 100.5 ± 15.2 z = 0.74, p = 0.38

WCST

  Total Trial 89.1 ± 16.5 98.5 ± 21.0 z = 0.26, p = 0.79

  Total error 16.5 ± 8.6 19.3 ± 9.3 z = 0.35, p = 0.72

  PR 55.2 ± 14.7 60.7 ± 11.4 z = 1.03, p = 0.08

  PE 6.5 ± 3.7 13.4 ± 9.2 z = 2.08, p = 0.03*

  NPE 9.1 ± 5.5 9.4 ± 7.7 z = 0.26, p = 0.79

*
Statistically significant,

ERA: earned run average, Korean-Wechsler Adult Intelligence Scale (K-WAIS), PR: perseverative response, PE: perseverative error, NPE: non-
perseverative error, CSAI-2: Competitive State Anxiety Inventory-2
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