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(Chang, Tsai, Huang,

Wang, & Chu, 2014) Rowe Kahn (1997)

(successful aging)

Hillman, Erickson, Kramer (2008)

(chronic

exercise) (acute exercise) (
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(Alvarez & Emory, 2006)

(Sergeant, Geurts, & Oosterlaan, 2002)

(Pontifex et al., 2009)

(Demakis, 2004)

Etnier Chang (2009)

(Wisconsin Card Sorting

Test, WCST) 75
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WCST

WCST WCST

Pubmed

ScienceDirect exercise ( ) physical activity ( )

cognitive function ( ) executive function ( ) Wisconsin Card

Sorting Test, WCST ( )

WCST

WCST

WCST WCST (Heaton, Chelune, Talley, Kay, &

Curtiss, 1993) Grant Berg (1948)

(20 89 ) 4 128

128

WCST

(number of perserverative errors) (number of

non-perserverative errors) (Nyhus & Barcelo, 2009)

Dietrich Sparling (2004)
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Salthouse & Siedlecki, 2007; Taconnat, Clarys, Vanneste, Bouazzaoui, & Isingrini,
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Hill-Gutierrez, Berman (1993) ( 60-69 ) (

45-49 )

WCST

WCST WCST

Heaton Nelson

WCST WCST

WCST

(Rhodes, 2004)

WCST (Strauss, Sherman, & Spreen,

2006) WCST (Lineweaver, Bond, Thomas,

& Salmon, 1999) Boone (1993)
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WCST

Shu, Tien, Lung, Chang (2000) WCST

WCST

(Strauss et al., 2006) WCST

Heaton (1993) WCST

(Arffa, Lovell, Podell, & Goldberg, 1998; Laiacona, Inzaghi,
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(multiple sclerosis)

WCST (Beatty & Aupperle, 2002)
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Shan, Chen, Lee,
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(Boone, Victor, Wen, Razani, & Ponton, 2007) Proctor Zhang
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(Nyhus & Barcelo, 2009) WCST
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WCST

Chase-Carmichael, Ris, Weber, Schefft (1999) WCST

(neurologic validity)

50

(extrafrontal)

(multifocal)

WCST WCST

Milner (1963) WCST

WCST

Cicek Nalcaci (2001)

WCST

alpha WCST

(8.6-10.2Hz 10.9-12.5Hz)

alpha power WCST

alpha power alpha power

WCST WCST alpha power

(dorsolateral prefrontal cortex) alpha

Gonzalez-Hernandez (2002) ( 0.5 30Hz)

WCST

WCST -2 (20~25.5Hz)

WCST

-2

(frontal sburegions) (temporal cortex)

(cingulated cortex) (parahippocampal) (parietal)

(occipitotemporal cortex) (occipital poles)
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-2 WCST

WCST

alpha power WCST

-2 WCST

WCST

WCST

WCST

WCST

WCST

Barcelo 1997 WCST

WCST

Barcelo (1997)

WCST

WCST

WCST

WCST

WCST 120

P3b

P3b WCST

Barcelo Rubia (1998) WCST

P3b

WCST

WCST

(Mestrovic, Palmovic, Bojic, Treselj, & Nevajda, 2012)

Barcelo Knight (2007) WCST
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WCST

WCST

Barcelo, Perianez, Knight (2002) P300 WCST

(P3a) (P3b)

1000Hz 500Hz

shift 3D shift 2D

Shift 3D 3

shift 2D

P3b P3a

P3a P3b

WCST

P3a P3b WCST

Adrover-Roig Barcelo (2010)

40 ( 49-60

) 40 ( 61-80 ) WCST

(cue-locked) P2 (190-250 )

(fronto-central slow negativities) (500-700 )

WCST

(Volz et al., 1997) Monchi, Petrides, Petre, Worsley,

Dagher (2001) WCST
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WCST

WCST

(mid-dorsolateral PFC) (mid-ventrolateral PFC)

(posterior PFC)

(putamen) (blood

oxygenation level-dependent, BOLD) (restroplenial cortex)

BOLD

BOLD

BOLD

Lie, Specht, Marshall, Fink (2006) WCST

WCST 3 (A > B >

C) (high-level baseline, HLB)

A HLB

WCST

(rostral anterior cingulate cortex)

(caudal ACC)

Specht, Lie, Shah, Fink (2009) WCST

WCST WCST
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WCST

-

-

WCST

Wilmsmeier (2010)

WCST

WCST

Pontifex (2009)

Etnier Chang (2009) WSCT

WCST

WCST

WCST

Dietrich Sparling (2004) (transient

hypofrontlaity hypothesis)

2 1

50

70%-80% 20

25 (WCST Brief
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Kaufman Intelligence Test, K-BIT)

50 25

(Paced

Auditory Serial Addition Task, PASAT) (Peabody Picture

Vocabulary Test, PPVT)

20 40

65

WCST

PASAT

Dietrich Sparling Del Giorno, Hall, O'Leary, Bixby,

Miller (2010) (

20 ) WCST

(ventilatory threshold, VT)

(75%VT VT)

(Contingent Continuous Performance Task) WCST

20

VT

(2012)

WCST

WCST

WCST

(Wang, Chu, Chu, Chan, & Chang, 2013)

Etnier (2007)

(Apolip rotein E-e4, ApoE-e4)

(Feskens et al., 1994)
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3 ( Folstein Mini-Mental Status

Examination; Hamilton Rating Scale for Depression, HRSD; Beck Depression

Inventory) ApoE

(auditory verbal learning test,

AVLT) (complex figures test, CFT) (block design

task)

ApoE-e4 (AVLT) PASAT CFT

WCST ApoE-e4

(cognitive reserve

hypothesis)

Albinet, Boucard, Bouquet, Audiffren (2010)

(heart rate variability,

HRV) HRV

HRV (Thayer, Hansen,

Saus-Rose, & Johnsen, 2009) 24

12 3

10 40

10 HRV

WCST (vagal-mediate) HRV

WCST

HRV

WCST

Etnier (2009) (fibromyalgia

syndrome, FMS)

FMS (Alfici, Sigal, & Landau,

1989; Da Costa, Dobkin, Dritsa, & Fitzcharles, 2001)
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(Grace, Nielson, Hopkins, & Berg, 1999; Landro, Stiles, & Sletvold, 1997)

18 60

15 (55% 65% ) 8

( 10 )

FMS Pincus

(Pincus Cognitive Symptoms Inventory)

(Rey Auditory Verbal Learning, AVLT)

WCST (Stroop

interference task) 18

FMS

WCST

(

) ( ) WCST

(ApoE-e4 HRV)

WCST WCST

WCST
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WCST

(2012)

14 349-358

(2013)

46 45-54

(2013)

15 29-39
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Effect of exercise on executive function: Wisconsin Card
Sorting Test perspective
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Abstract

Emerging studies have examining the effects of exercise on cognitive function.
Empirical studies and meta-analytic reviews have indicated that both chronic and
acute exercise benefit cognitive function, with that executive function has greater
facilitation. Nevertheless, the measurements of executive function have been limited
and researchers have called for caution to employ more neuropsychological
measurement in exercise and cognition field. The purpose of the present study is to
examine the exercise effect on executive function from Wisconsin Card Sorting Test
(WCST) perspective by reviewing the introduction of WCST, the findings regarding
to WCST and executive function in neuropsychological field, and the exercise effect
on WCST performance. The results revealed that the prefrontal cortex play a crucial
role during administrating WCST, especially the dorsolateral prefrontal cortex.
Although WCST studies associated with exercise and executive function is only
recently examined, majority of these studies revealed the positive exercise effect on
WCST. The findings suggested that future research could explore dose-response
relationship of exercise on executive function using WCST and neuroimaging
technique. In addition, future research could also examine the effects of exercise on
executive function in population with disease related to cognitive decline in order to
identify the role of exercise treatment on psychological health.

Key words: cognition, executive function, exercise, Wisconsin Card Sorting Test


