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Abstract The purpose of the study is to examine sports-related cognitive functions through a systematic
review and to suggest effective instruments to measure the cognitive functions. The present study was
conducted based on the systematic review and meta-analysis protocol—the PRISMA. Of 429 articles
searched through keywords from 2008 to 2020, 45 articles that met the selection criteria were analyzed.
It was revealed that athletes had better cognitive functions than non-athletes, that the higher the sports
expertise was, the higher the cognitive functions, and that there were differences in cognitive functions
according to the sport types. The primary cognitive functions related to sports performance
summarized as executive functions (inhibition ability, cognitive flexibility), information processing
speed, spatial ability, and attention. As tasks for measuring each cognitive function, a stop signal task
for inhibition ability, a design flexibility task for cognitive flexibility, a simple and choice reaction time
test for information processing, a mental rotation task for spatial ability, and an attention network test
for attention are appropriate.
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Fig. 1. Schematic illustration of the flow diagram
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Table 1. Preliminary summary of literature review

Author N Age A group (n) levels  Control group (n) levels Measurement Summary
Nakamoto [20] 57 20.7 Basketball (20), C NA(13) - SRT, GNG RT SRT, GNG RT: A ) NA
Baseball (24)
Memmert [21] 120 240 NTeam (40), E  Nov & NA (40) - FFOV, MOTT, IBT No significant difference
Team (40) sports
Furley [22] 112 248 Basketball (54) C NA (58) - CBT No significant difference
Chaddock [23] 36 21.1 A (18) C NA(18) - SRT SRT: A ) NA
Chan [24] 60 206 Fencer (30) - NA (30) - SRT, GNG RT GNG (commission errors): High-fit A ) High—fit NA
Cojocariu [25] 73 18-33 Qwan Ki Do National (8), E & NA (47) - SRT, CRT SRT, CRT: National A ) NA (RT)
Beginner (18) Nov
Jansen [26] 40 245  Soccer (20) C NA(0) - MRT (abstract and MRT: A ) NA (RT) (embodied stimuli)
embodied stimuli)
Moreau (27] 62 208 Wrestling (31) Nov  Runner (31) Nov MRT MRT: Wrestling training » Runner training group
Vestberg [1] 57 241 Soccer: high division (2990 E  Soccer: low division SE  DFT, CWI, TMT DFT, TMT (2/3, 4), CWI (4): high ) low division
(28)
Alves [7] 154 192 Adult (30), Junior (57) = Adult (27), Junior (40) -  TST, SST, FT, CDT TST: A ) NA (RT)
Volleyball NA SST, CDT: A > NA (RT)
Jansen [28] 120 235 Soccer (40), Gymnast - NA (40 - MRT (cubes & human MRT: Gymnast ) NA
(40) figures)
Lesiakowski 30 20.7 Boxer (15) E & NA (15 - VDT No significant difference
[29] Nov
Nuri [30] 22 223 OMS: Volleyball (11) C  CMS: Sprinter (11) C  Visual complex & CRT Auditory complex & CRT: Sprinter ) Volleyball
Auditory complex & CRT
Wang [6] 60 20.1 OMS: Tennis (20) C NA (20) - SST SST: Tennis ) Swimmer = NA
CMS: Swimmer (20)
Cojocariu [31] 28 18-25 Judo (8) E NA (20) - SRT, CRT No significant difference
Jacobson [32] 54 20.1 Externally paced (22) C & E NA (15) - TT, CWI, DSST, Vocabulary CWI & TT: A ) NA
Self-paced (17) test CWI & TT: Externally paced ) Self-paced sports
Verburgh [4] 126 119 T soccer (84) T NT Soccer (42) NT  SST, VSWT, ANT SST, ANT (alerting): T > NT A
Huijgen (3] 88 153 E soccer (47) E  SE soccer (41) SE  TMT, SST, DSBW, DFT SST, TMT B-A, & DFT: E ) SE A
Wang [33] 25 222 Badminton (12) E  NAQ13 - VSAT (delay), VSAT VSAT (attention & working memory): A ) NA (RT)
(non—delay)
Alesi [34] 44 90 Soccer class (24) Nov  control group (20) - DSFW, DSBW, CBT, VDT, CBT, VDT, & TT: Soccer class ) control group
T
Heppe [35] 60 225 Handball, Soccer (30) E R @0 R MRT (human figures) No significant difference
S1
S2 54 243 Volleyball, Handball (27) E R(@?) R MRT (3D human stimul) MRT: E A ) R (RT)
S3 52 21.0 Volleyball, Soccer (26) E R (206 R d2-R test, TMT, KAI-N test d2-R: E A ) R
Lundgren [10] 48 237 lce hockey: A (29), B (19) -  Standardized sample -  DFT, TMT DFT: A level A ) Standardized sample
levels (1,750)
Martin [36] 20 244 Professional cyclist (11) E R cyclist (9) R Modified color-word ST ST: Professional ) R A (ACC)
Schmidt [11] 80 257 Gymnast (20), Runner C NA (20 - MRT MRT: Orienteer & GymnastA ) NA
(20), Orienteer (20)
Verburgh [5] 168 105 E Soccer (69) E NA (51) —~  SST, DSFW, DSBW, ANT SST: E » NE = NA
NE Soccer (48) NE DSFW: E ) NA
DSBW: E, NE ) NA
Wang [12] 65 21.9 Table tennis (31) E NA(34) - ANT ANT: A ) NA (executive)
Yao [37] 64 200 Static: Swimmer (19) E NA (16) - SST, TST, CDT, ICMT, ANT SST: Basketball ) Fencer, Swimmer, NA

Interceptive: Fencer (14)

TST: Swimmer ) Fencer
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Author N Age A group (n) levels  Control group (n) levels Measurement Summary
Strategic: Basketball (15) ICMT: Basketball, Fencer > NA (ACC)
ANT: A ) NA (ACC) (orienting)
Bianco [9] 39 278 Fencer (13), Boxer (13) E NA (13) - GNG GNG: Fencer, Boxer » NA (RT)
GNG: Fencer, NA » Boxer (ACC)
Chang [38] 60 21.3 Marathon (20), Wushu E  NA (20 - ST, WCST, TT No significant difference
(20)
Chiu [39] 31 222 Volleyball (11), Runner & C, R NA (8) - FT FT: Volleyball ) Runner, Swimmer, NA (ACC)
Swimmer (12)
Feng [40] 47 142 Diving (24) NA (23) - MRT MRT: Diving > NA (RT)
Liao [41] 57 236 Badminton (42) NA (23) = S8 SST: Badminton » NA
Lesiakowski 119 208 Soccer (24), Volleyball E  NA (29 - SRT, CRT, VDT SRT, CRT: Volleyball, Soccer ) Boxer, Rowing, NA
[42] (22), Boxer (26), Rowing (RD
(23) VDT: Volleyball ) Boxer, NA (ACC)
VDT: Rowing, Volleyball, Soccer ) NA (ACC)
VDT: Volleyball, Soccer ) Boxer (RT)
Vestberg [43] 30 1493 Soccer (30) Young E Age-matched - DWT, DFT, CWI, TMT DWT, DFT: Soccer ) Normative data
normative data Positive correlation between DWT, DFT and Soccer
performance (goals and assists)
Wang [44] 36 20.7 OMS: Badminton (18) C  CMS: Track & field C FT FT: OMS ) CMS A (RT, ACC)
and Dragon boat (18)
Yu [45] 54 21.3 OMS: Badminton (18) E NA (18) ~  TST (proactive and reactive TST: OMS ) CMS A (proactive) (100% valid cue)
CMS: Track & field (18) control task), SRT TST: OMS & CMS ) NA (reactive) (50% valid cue)
Brevers [46] 52 196 Fencer & Taekwondo (27) E  NA (25) ~  SST (proactive and reactive SST: A ) NA (proactive tasks and reactive tasks[in the
motor response inhibition) condition 1])
Krenn [47] 184 232 Static (29), Strategic (62), E - FT, Modified FT, 2-back  FT: Strategic A ) Static A (RT)
Interceptive (93) task
Qiu [48] 65 204 E (22), NE (20) Basketball -  NA (23) - MOTT (2, 3, and 4 targets) MOTT (3 and 4 targets): E » NE, NA
Meng [49] 91 230 Badminton (35) and E  NA (27) ~  SST, TST, CDT, ICMT, ANT ICMT, SST, ANT (alerting): Volleyball > NA
Volleyball (29) ICMT: Badminton ) NA
CDT, SST: Volleyball ) Badminton
Pietsch [50] 54 154 Soccer (28), Young E Dancer (28) Young MRT MRT (front view): Soccer ) Dancer (RT)
E
Holfelder [51] 86 140 CMS: Track & field E, SE OMS: Handball E, SE N-back task, FT, TMT No significant difference
E (21), SE (19) E (19), SE (27)
Shao [52] 32 239 Shooting (11) E  Shooting (9), Nov, FT (200, 300, and 400ms FT (congruent): Nov » NA
NA (12) ~  Inter-stimulus) FT (congruent): E > NA (300, 400ms)
FT (incongruent): E, Nov > NA (300, 400ms)
Weigelt [53] 211 238 Basketball (88) E NA (123) - MRT (basketball court MRT: Basketball ) NA
image)
Yu [54] 39 21.7 Strategic (26), E NA (26) - FT FT: Strategic ) InterceptiveA (ACC)

Interceptive (26)

FT: Strategic { Interceptive, NA (RT)
FT (conflict): Strategic ¢ Interceptive, NA (ACC)

Note. Abbreviation of cognitive tasks: ACC = Accuracy: ANT = Attention Network Test; CBT = Corsi Block-tapping Test; CDT = Change Detection Task; CRT = Choice Reactior
Time; DFT = Design Fluency Test; DSBW = Digit Span Backward task; DSFW = Digit Span Forward task; DSST = Digit Symbol Substitution Test; DWT = Demanding Working
memory Test; FFOV = Functional Field Of View; FT = Flanker Task: GNG = Go/Nogo task;: IBT = Inattentional Blindness Test: ICMT = Iconic Memory Task: MOTT = Multiple
Object Tracking Task; MRT = Mental Rotation Test; RT = Reaction Time; SRT = Simple Reaction Time; SST = Stop Signal Task: ST = Stroop Task or CWI[Color-Word

Interference]); TMT = Trail Making Test; TST = Task Switching Test; TT = Tower Test; VDT = Visual Discrimination Test; VSAT = Visuo-Spatial Attention Test; VSWT =

Visuo—Spatial Wroking memory Test; WCST = Wisconsin Card Sorting Test
Abbreviation of expertise: A = Athlete; C = Collegiate; E = Elite; NA = Non-athlete; NE = Non-elite; Nov = Novice; NT = Non-talent; R = Recreational; SE = Sub-elite; T

= Talent
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Table 2. Summary of cognitive domains, sub—domains, measurements, and related studies

Domain Sub—domain Measurement Study no.
Stop signal test 3,4,5,6,7,37, 41, 46", 49
Stroop test 1, 32", 36, 38, 43
Inhibition s PO
Flanker test 7,39, 44, 47,51, 52,54
Go/Nogo test 9, 20, 24
Visuo-spatial working memory test 4
Digit span backward test 35,34
» Demanding working memory test 43
) Working memory ) ) .
Executive Corsi block-tapping test 22, 34
function Change detection test 7', 37, 49
N-back task 47, 51
Design fluency test 1, 3,10, 43
Trail making test 1, 3,10, 35, 43, 51
Cognitive flexibility .
Task switching test 7,37, 45, 49
Wisconsin card sorting test 38
Planning & problem o 1eet 32", 34", 38
solving
Resction i Simple reaction time 20, 23", 24, 25', 31, 42', 45
; eaction time - .
Informapon Choice reaction time 25, 30, 31, 42
processing
Processing speed Digit symbol substitution test 32
Spatial ability Mental rotation Mental rotation test 11, 26, 27, 28', 35, 40, 50", 53’
Attention network Attention network test 4,512, 37, 49°
Selective attention Visual discrimination test 29, 34", 42
Sustained attention d2-R test 35
Attention The functional field of view test 21
Multiple object tracking test 21, 48
Visual spatial attention
Inattentional blindness test 21
Visuo-spatial attention test 33
Short-term memory Digit span forward test 5,34
Memory : - PR
Visual memory Iconic memory test 37, 49

Note. " a study that found a significant difference between groups
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o7} YIITH37]. HFH 71N YAEA FtEEF HA
(WCST)Z AAFa4S AR Chang 513819 A+
oA mitEL $ AYE HE7} v 7F Aot

At

AY7s 5 A} ZAISNE 582 AX= 779
Z2Hor folshs a7 7Ies dvEo® KEFS
Tower test[32], Tower of London test[34, 3812} &
< BFIEA A Tower Test: TT)E &l SH€ Fx
A7E S5 27 & F5 AF, vAds 1 E
AXTDE Bl A EAIE 58S Hlwet Jacobson
T} Matthaeus[32]2 QH-x87|<&, d
T o= Adw EAE 5] Holutial BaIse]
o} Bt 8.78A1Y St vl ZF HlAoANE &
TAL7Y BlASET AY, EANE 5] <5k3th
[34]. 18, vEET} f4¢ A5 B]AS el o]
23t Zpol7t YEhdA] QIgitH38].
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3.3.2 MEXNESBE

YRSAITES 25 vhEa oA £ E Bk 9
o Axz3st Hool A 9 AMEE= S =l 5
2 <eHkSAIZHSimple Reaction Time: SRT)¥ A=)
BS-A]7HChoice Reaction Time: CRT)°] AR&HT}
Fuolyo}l Qwan Ki Do &7 # A4-EL 59 $59
ofm}Ro] Mt HlALHTE HERRGAIZRo] #ow
[25], Lesiakowski 542> B9} &4 A5 U<
BHEAIZE Y A EEkGAI ko] vl 4R} Brhal B 3151e]
ok o, B, ARAAEL, AR, &, 9, S48, H
U, g&9 dishd4eEe detheA7hs Bladt 41
9] BE Aol AgEo] HlAdFET TeukgA
ZATH20, 23). WA, HgA5=[24], BiERIE, S04
[45]9F v AL 7F Db SAITS vlwdn, g 2 &
o7 Itk FE Aot uldss 7t T W AHEREA|
7t HloA % ek 7F Zjo7h gldeH31].

7124, 4R 7Y ALsEn HALE 1Y
AE A< E(information processing speed)& <At
7| SHAHAKDigit Symbol Substitution Test: DSST)
2 ZARS Jacobsont Matthaeus[32]2 AE3} H]
A 2 FEAYEE Zpol7t glvkal Hirskgirt

3
A

S AR 5HO| A= 234HF} 33HA9] 4
A3 A Mental Rotation Task: MRT)E AH&5}H9
o AARHAAKMRT)E AR A5 Hi A=
A EAS7} FSE solEe HA3-A o
w27 ¥F-S-6lal[35], Bt 14419] oY A SLA
3 HldseED AAsAgAR] 8 BlEA BESShs Zles
HskIeH40]. £ Axe}E 2jdllE]lo]Y (orienteering
sport) A(11], ARAS206], FF+A(5317F B4
Hep 37590l S5H Uehtth. ey, S5
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(Attention Network Test: ANT)E Z-85}9ct I3A)
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HASEHT 94519 tH37]. E WlevE Ao 4
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e A AYE, HAYE S A4t HlAdS 1F
Fo)oll= Zo)7t gATHS]. A=A o] (selective
attention) 4L Y8l AlZAEIA|(Visual
Discrimination Task: VDT)7} AFEEHATE 670€E &=
TEH0 et ofs =2 Y A™Y mFe] ol
H| WA AJZHETA O] 4=800] o Yot WY, &
T2H o] o}zE9] FoY2 HET} Fof ASotunt
[34]. T3t =1, &, 2A(rowing) ASEE H|ASLHE
|ZPAETA] S=5)0] o WhEa FeerH42]. U

M5} v A4 Zholls Zol7h ATH271.
AE9] R42 o] (Sustained attention)= d2-R
AAR vlugt 23 ALE wit, S5 Aol HlAS
Hroh A&A Fo0go] © L5 tH35]. AT 2
22 7|53 AloFdAHFunctional Field Of View:
FFOV), tF5EA4] 22 ZA(Multiple Object Tracking
Task: MOTT), FF9 WAIHAAKcomputerized
Inattentional Blindness Test: IBT), A5t 2 AA
(Visuo-Spatial Attention Test: VSAT) 4719] =&
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A4E9] 719L 4517 8 <AA7] A (Digit
Span Forwards Task: DSFW), 94 719 HAHlIconic
Memory Test: ICMT)7}F AR8=ITH5,34,37]. Verburgh
SBl= U SR vlAsET 2297 B
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=oha Buskgich iAol 678 S5 S0 Fofgt of
B H|Z] ofF 719 @771 58 H|woA= 7
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AR HnE Y3l HAASIHASST), 2EF
THA|(ST), SHEASZAIFT), /=3 HAHGNG)7F A
St Ao HlAS 7 AAlsEe PAABIA
(SSDE 2ARE 23}, HU2 A49] AAlsHo] S94
srth Hojum[e], Wil eAso] sewls A
FHT ZUTH49). 5, WA, =9 45 1 A87s,
719}, Fol2g Hlagt oAk BrAlSe] Folgo]
04, $£FHFET HowtH37]. F2EF 5L A7
RAFTHOF FHESI F5 T JATHS 2EF IHA|
(SDHE H|wet A3}, A7 2ETE A-E9] JAsEHol

REAFE NSERTH 248190032, 22t vt

E3 SpA 719 JASE HnoA=
gt Ao 7t ARAATHIEL. v, &4, 9 A4EY JAT
g FUEFA(FDE B2t Chiu 51391 B4
9] Al 5Eo] &4, &G AR} 9ot B st
Aot M7e SECIETR)T d47le SEEAS =
HLHE) A5 AAIEES Blust 2%, Arle
AFEY JAlsgoe] HHrle HALERT Hojwtt
[44]. Krenn 5l471% Ak 5 A4 JAlsHo] 4
A F8 ASE Holudl, M F5 AL-ES U
EjH ARt $EERS 3] JEE2 =11, BREAITR
AATH54]. ¥ Ha71s(E D 71s(@EE) 1
woAe F5 7t A7t fiTH51]. |, B4 A= 7
g 2 229 JA5ES 11/ 2 HAHGNGE v
3t Bianco 511112 A4 AA| 58] BEAATE
o} Hojux Euetgch ¥ B, off ALE 1/
I AARE A5 L 823 Nakamoto $[2012] ATt
oA FTE 7+ Fst Zpol7t gl

2471942 Wel=ATA|(CDTIYE 7129171 AAKTMT)
£ B9 SH=. MR R vijret siErlE A
4= 7b v Ay}, virAS=e] ZHQ)7] o] BiEvlE A4R
o} FHolgrH49]. Ha7ledt A7lE 5 7t 715907
AAE Bl AE FE 7F ZAA71Y90 Zel7t YAATH511.

1A FAA HIXE Yol ATIATST)E AAEA
7FEEFAAKWCST)7F AR E ST A7 e SEEIE
el Harle SESAD) 2 ATAA(TSTE B8
A4 vl Zah e A QIAFAo] H)
H71& Agerct S5t H45]. 5, W4, =9 A
7 AAFAA HlAAAE FFARY QIRR-A/o]
A AgHch 519tH37]. 28y JAEAl SlERR
AAHKWCSTE upetEdt 744 7F RIS H
Wk A3t FTE 7F F3 Zpol7t elArH38l.
A EANE 82 SHAXKTITE B3l SX=
o} QRXAFZTEIL A2 AFERY v|w 23}, oRER
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zole] 242 95 AZEETAVDDS FojedT
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22 v|W3t Lesiakowski 514212 vi7, S+ A9
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ARz FE 7F 2009 A AE FOJRE 207t ¢l
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Fig. 2. Theoretical model of sport-related cognitive
functions
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