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ABSTRACT

This systematic review examines the effects of playing volleyball,
an open-skill sport, on cognition. Four hundred seventeen studies
were accessed with specified search criteria, and 21 studies con-
taining neurophysiological outcomes were found eligible for evalu-
ation. Most studies reported cognitive improvement in volleyball
players compared to control groups. Fewer studies demonstrat-
ed superior effects of playing volleyball over other sports types.
Results indicate that playing volleyball has an improving effect on
cognition, mainly executive functions.
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OZET

Bu sistematik derleme, acik beceri sporu olan voleybolun bilis lize-
rindeki etkilerini incelemeyi hedeflemistir. Belirlenen arastirma kri-
terleri ile 417 calismaya erisilmis ve nérofizyolojik bulgulari iceren
21 calisma degerlendirmeye uygun bulunmustur. Calismalarin ¢o-
gunlugu, voleybolcularda kontrol gruplarina kiyasla bilissel iyilesme
bildirmistir. Daha az sayida calisma, voleybol oynamanin diger spor
tirlerine gbre daha dstiin etkileri oldugunu géstermistir. Bulgular,
voleybol oynamanin bilis (zerinde, 6zellikle ydrtitlicl islevlerde ge-
ligtirici bir etkiye sahip oldugunu géstermistir.

Anahtar kelimeler: acik beceri egzersizi; bilis; voleybol; yiiritiicii islevier

Introduction

A large number of studies demonstrated that physical
activity creates structural and functional changes in the
brain that promote cognitive functions". Some stud-
ies suggest that different exercise types exert different
effects on cognition®. A growing body of literature sug-
gests that the effects of physical exercise on cognitive
functions might be related to the exercise types™.

Sport types are divided into two groups based on the
predictability and consistency of the performing en-
vironment; open and closed skill sports®. Open-skill
sports (e.g., volleyball, tennis, football, etc.) are ex-
ternally paced activities performed in a dynamic, un-
predictable environment, whereas closed-skill sports
(e.g., running, swimming, archery, etc.) are internally
paced and performed in a static and predictable en-
vironment. Within this scope, as an interactive and
strategic sport, volleyball is an open-skill sport. The
volleyball requires active decision-making and on-
going adaptability to randomly occurring external
stimuli. The player’s task involves the simultaneous
processing of a significant amount of knowledge,
such as teammates, opponents, field positions, and
balls. The volleyball player must update the location
of teammates/opponents, execute tactics, and follow
the rules during the game’. Some studies demonstrate
that open-skill athletes outperform the closed-skill
athletes in visual attention, decision-making, action
execution, and inhibitory control tasks*®’. For these
reasons, volleyball players may be more cognitively
flexible than closed-skill athletes in task-switching.
A recent study showed that team sport athletes per-
formed better in sustained attention and processing
speed than recreational athletes'®. As a team sport,
volleyball might be more improving for some aspect
of cognitive skills.

Additionally, volleyball is one of the sports with the
lowest incidence of concussion''. Considering the cog-
nitive functions such as attention, cognitive process-
ing speed, and working memory are susceptible to the
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effects of sports-related concussion,'” examining vol-
leyball seems safer to understand the long-term effects
of open-skill sports participation on cognition.

Therefore, based on the previous literature and fo-
cusing on neurophysiological outcomes, we did a sys-
tematic literature search to understand the effects of
playing volleyball on cognition. We will present and
discuss our findings to better understand how playing
volleyball affects the brain and what the potential neu-
robiological mechanisms underlying are.

Materials and Methods

Search Strategy
PRISMA guideline®® is used for the procedure of

search. An electronic search was undertaken by two
independent researchers between October 2020 and
June 2021 in the Cochrane Library, PscyINFO and
Pubmed databases. The last update for searching took
place on June 24, 2021. We limited the search with pa-
pers published in English or Turkish. We used “AND”
and “OR” operators to connect our search terms. The
following search string has been used for each data-
base: (volleyball) AND (cogniti* OR executive OR at-
tention OR memory OR verbal OR working memory
OR dual-task OR reaction time OR processing speed
OR perceptual speed).

Selection Process and Data Extraction

We included studies published in peer-reviewed jour-
nals which recruited children and healthy adults inves-
tigating the effects of playing volleyball without any
other intervention (e.g., further medicine and training
prescription, or dietary). Multidomain interventions
were excluded (e.g., volleyball plus lifestyle interven-
tion). There was no restriction for participants age
range. Studies were eligible if at least there was a vol-
leyball group that performed multiple weeks of train-
ing. Both intervention and cross-sectional studies
were included. At least one of the following domains
had to be represented in outcome measures: i) cogni-
tive functions, ii) structural or functional brain data.
Dissertations, conference papers, case studies, or stud-
ies that did not include any outcomes of interest were

excluded.

Duplicates were eliminated and MESH terms, titles
and abstracts were reviewed intensively. Two sepa-
rate researchers evaluated the relevance of possible
studies based on our inclusion and exclusion criteria.
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The remaining studies were read for the final selec-
tion in terms of their eligibility. In case of contradic-
tory commentaries between two main reviewers, a
third independent reviewer was consulted. Further
studies found in the screened studies’ reference lists
were also evaluated for eligibility. All included stud-
ies were presented according to main study char-
acteristics (First Author, Sample, Study Design,
Procedure, Outcome Measures, Results, and Risk of

Bias) (Table 1).

Methodological Quality of Included Studies

Methodological quality was assessed independent-
ly by two authors. Three different tools'*'¢ were
used to score the methodological quality of cross-
sectional, intervention, and longitudinal studies
(Supplementary Table I-II-III for details). The evalu-
ation tool for cross-sectional studies consists of five
components and 12 items in total. The maximum
point can be obtained from was 12. The intervention
study was assessed using the Physiotherapy Evidence
Database (PEDro) scale, which consists of 11 items.
The maximum point is obtained from was 11. The
quality of studies are classified into three categories
as follows; (<6 points = low, 6-9 points = moderate,
>10 points = high). The quality of the longitudinal
study was assessed by “The critical appraisal skill pro-
gram” (CSAP) which consists of 12 item and three
categories as follows; “low, moderate, high”. The rat-
ing scores are presented in Table 2.

Results

Search Results

In the following section, we present the study charac-
teristics details of the included studies.

Study Design and Participant Characteristics
Self-reports had reported participants’ volleyball back-

ground in cross-sectional studies. All included 21 stud-
ies were published between 1998 and 2019 and con-
ducted in 14 different countries (Italy=5, Brazil=2,
Germany=2, Greece=2, Taiwan=2, Belgium=1,
Canada=1, China=1, Iran=1, Isracl=1, Japan=I,
Poland=1, Spain=1, USA=1). Nineteen studies in-
cluded control groups, seven of them had a passive
control group that received no intervention (volleyball
or any other sports activity). Six studies had only ac-
tive control groups, and six studies administered active
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and passive control groups. Twenty of the studies were
cross-sectional studies, and one was a randomized con-
trol study.

Participants were recruited from national sports teams,
universities, volleyball courts. Participants’ maximum
mean age was 33.9, but the minimum mean age was
not specified (in a study, there was a group under 14
years old.)

Among the 21 studies, 1438 participants were re-
cruited, of which 967 were volleyball players and 471
were control groups. Group sizes ranged from 7 to 274
participants.

Methodological Quality of Included Studies

Based on this 12-item assessment tool, the average
score of the methodological quality of the 19 studies
was 7.9 with scores ranging from 5 to 10. Seventeen of
the observational studies were found to be of “moderate
quality”, one study was found to be “low quality”, and
one study was found to be “high quality”. According
to the PEDro scale, the methodological quality score
of one intervention study was 5 which means “low
quality”. Lastly, the methodological quality score of
only one longitidunal study was “moderate”. The rating
scores are presented in Table 2.

Identification of studies via databases and registers

Records identified from
Databases (n=417)

Identification

Records removed before screening:
Duplicate records
removed (n=233)

A

Records screened
(n=184)

Y

Reports sought for retrieval
(n=159)

Records excluded (n = 25)

No volleyball (n=13)

Other language (n= 1)
Non-empirical study (n= 1)
Non-healthy participant (n=1)
Matching issue (n=4)

No control group (n=35)

Screening

v

Reports assessed for eligibility
(n=159)

v

Studies included in review
(n=21)

Included

— 7| Reports not retrieved
(n=0)

Reports excluded: (n = 138)
Non-relevant outcomes (n=130)
Unfinished study (n=1)
Non-normative data (n = 7)

Table 1. Prisma flow chart
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Cognitive and Neurophysiological Outcome Measures

20 studies assessed at least one relevant cognitive
function””. Two studies measured both cognitive
skills and neurophysiological parameter'?'. There was
only one study measured only neurophysiological pa-
rameter*. Executive functions (EFs) refer to a group
of cognitive processes that allow humans to concen-
trate, plan, organize and make complex judgments®.
We based on the general consensus that defines three
core EFs which are inhibition, working memory and
cognitive flexibility to assess the studies®®*. Given this

model, there were fourteen studies that assessed core
EFg717.182023-2933-35

As displayed in Table 1, eleven studies reported that
playing volleyball decreases reaction times in cognitive
tasks compared to untrained controls”!723-26.30.3233.35,
Two studies demonstrated that experience had an ef-
fect on reaction times;***! experienced volleyball play-
ers were faster than novice ones in cognitive tasks.
Additionally, two studies pointed out the effect of sport

type on reaction times with contradictory findings*".

Fourteen studies reported that playing volleyball
increases the accuracy scores in visuopatial atten-
tion, #2233 prediction,???*2¢282%32 categorization,’*’!
and working memory”** tasks. See Table 1 for more

comprehensive details of the outcome measures.

Discussion

In this review, we present an attentive overview of the
effects of playing volleyball on healthy people’s cogni-
tive skills and brain functions. We found 21 studies
that assessed the effects of playing volleyball on cog-
nitive functions and neurophysiological parameters.
Opverall, playing volleyball has been shown to improve
specific cognitive functions.

The first research that published the data about the
association between cognitive functions and physi-
cal activity decades ago demonstrated that men regu-
larly participating in sports outperform in reaction
time tasks than their sedentary counterparts®. Since
the first publication, an increasing body of evidence
showed that exercise improves cognitive function,
particularly EFs"*. Consistent with the literature,
most of the research reviewed within this study’s
scope suggested that volleyball players exhibited
superior abilities in EFs as attention management,
working memory, inhibition, and tasks of cognitive

flexibility.

275

Effect of Training Characteristics of Volleyball

Motor and cognitive switching tasks are frequent
while playing volleyball which is an open-skill exercise.
Volleyball players must constantly adapt or switch to
more proper actions to respond to the opponent’s ac-
tions. They have to follow not only the rules of the game
but also improve accurate strategies. An exercise that
requires substantial cognitive demands such as volley-
ball may change neurocognitive functioning and affect
the brain activation associated with EFs. Previous find-
ings demonstrated that open-skill exercise improves
cognitive flexibility at switching tasks®* and led to
greater improvement in inhibitory control*?, cogni-
tive flexibility,**%%% audio-visual perception,”” prob-
lem solving,”® visuospatial short-term memory® and
visuospatial attention®. In line with the literature, four
studies in this review supported that volleyball was
more effective to improve cognitive skills than closed-
skill sports. Volleyball effects were superior to closed-
skill sports such as running, rowing, sprinting, acrobic/
anaerobic activity in Visuospatial attention processing,
inhibition, anticipatory skill, working memory.

In this review, volleyball players were reported to have
shown superior cognition scores than karate and bad-
minton athletes”?. Although karate and badminton
are open-skill sports, the more significant effect of vol-
leyball may be explained by its being a team sport. The
social support that can arise from being a part of a team
might positively affect cognitive skills®’.

Motor coordination involves a balanced, fast, and pre-
cise motor response that harmonizes the nervous and
musculoskeletal systems. Sensory input, perceptual
and cognitive processing, action production must oc-
cur in the proper sequence. Neuroimaging studies in-
dicate that some brain regions such as the cerebellum
and basal ganglia formerly thought to be only related
to the motor activity are also activated during specific
cognitive activities’>. The prefrontal cortex, posterior
parietal cortex, and cerebellum network are involved
in cognitive functions such as workjng memory, atten-
tion, perception®.

Chasing the ball and response selection in a volley-
ball match needs attentional control, visual processing
(cerebellum, dorsolateral prefrontal cortex, posterior
parietal cortex, middle occipital cortices), and plan-
ning (anterior cingulate cortex, supplementary mo-
tor areas)’>*. It was demonstrated that coordinative
exercise interventions had shown more positive effects
on cognition than standard sport lessons®. Studies
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showing the linear relationship between motor coor-
dination and academic achievement are also evidence
of how motor coordination improves cognition’®”’.
Due to volleyball being a sport involving complex mo-
tor tasks such as balance control, quick responses, and
task-switches, the network mentioned above may be
activated during the game.

A top-down control process is demanded to perform
convenient judgment, accurate decision-making,
and timely action in a coordinated and flexible way.
Decision-making is a part of executive control, and the
prefrontal cortex is the main area for this task. It is one
of the most effective cognitive processes needed while
playing volleyball. That executive function accomplishes
identifying and choosing alternatives based on the ad-
vantages and preferences®. In order to maximize the
performance, quick and accurate decision is essential in
volleyball. This repetitive cognitive process may explain
why the volleyball players are better at decision-making
tasks'”*%. Indeed, the fMRI study included in the review
showed that volleyball players’ activity in the left prima-
ry motor cortex hand area and the left premotor cortex
was decreased in impossible actions whereby their accu-
rate decision-making mechanism*. One possible expla-
nation is that volleyball experts are able to discriminate
possible vs. impossible actions, anticipate the context
and use neural resources in this direction. Exposure to
regular and repetitive commands and contexts in sport
might improve the implicit motor simulation context in
expert players so that expert players make more accurate
decisions by recruiting fewer neural resources.

Neurobiological Considerations

Greater cardiorespiratory fitness is associated with
better cognitive functioning®. Some researchers have
suggested that exercise-induced increased levels of neu-
rotrophins and increased cerebral blood flow explain
the link between cardiorespiratory fitness and cogni-
tion. Training methods in volleyball create a higher
metabolic profile and involve jumping and plyomet-
ric exercises designed to produce quick and explosive
movements. Greater explosive strength had been asso-
ciated with better cognitive function, information pro-
cessing speed, and inhibitory control®*¢!. One possible
explanation for the link between explosive strength
and cognitive tasks is that they share similar physi-
ological mechanisms. After the stimulus arrives at the
sensory organ, a neural signal is created, and transmis-
sion, processing, and muscle activation occur®. From
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this point of view, athletes who can generate faster
muscle activation may develop a faster reaction in cog-
nitive tasks. This mechanism might explain the shorter
reaction times in volleyball players. EEG study results
supported that idea by showing that playing volleyball
reduced signal conductivity time through the visual
pathway and indicated that playing volleyball can af-
fect very carly sensory processing®.

The location of the mirror neuron system (MNS) in
the human and its function in understanding the move-
ment and social cognition was demonstrated by previ-
ous work®=. A recent study has shown the positive
effect of exercise on the MNSY. Because volleyball is
a team sport, both the opponent’s and the teammates’
actions and gestures must be followed during the game.

This recurrent experience may have an effect on the
MN:S of the volleyball player. It is possible to be acti-
vated the MNS to predict the opponent’s movement
and change or withdraw the planned action during the
game so that enhanced MNS activation may contrib-
ute to the other cognitive tests that involve these tasks’
anticipatory skills and inhibition.

One general hypothesis described as the broad transfer
is that skill transfer will occur if the original and trans-
fer tasks include overlapping processing elements and
engage, at least in part, the same brain regions®. This
idea may explain transfer from cognitive skills acquired
during sports training and similar processes outside of
the domain of sport®. Previous research findings into
the broad transfer hypothesis have been inconsistent
and contradictory. One study supports the broad
transfer hypothesis by demonstrating that the expertise
of athletes can be transferred to non-sports-specific
contexts”’. On the contrary, one study rejects the idea
of the transfer hypothesis™. In the majority of research
in this review the decrease of reaction times in favor of
volleyball players may be the result of a skill acquired
by athletes over years” practice and transferred to a
non-sporting context’!720:23-2628303335 Tp Jine with this
opinion, a meta-analysis showed that athletes outper-
formed non-experts in cognitive skills like processing
speed and visual attention”.

Conclusion

Understanding how the brain differentiates following
sports experience is essential to ensure that exercise
is part of preventive and remedial interventions. The
results presented here demonstrated playing volley-
ball is an improving way for cognition. Based on these



outcomes, we concluded that the effects of volleyball
experience on working memory, inhibition, visuospa-
tial skills, attention shifting, perception, basic process-
ing network are reflected essentially in measures of ac-
curacy and reaction times.

Nevertheless, much remains to be learned about the
relationship between sports experience and cognition,
particularly influencing factors and underlying mecha-
nisms. Further research on various sports disciplines
and cognitive relationships should address different
target groups and individual needs.

References

1.

10.

11.

12.

Bherer L, Erickson KI, Liu-Ambrose T. A review of the effects
of physical activity and exercise on cognitive and brain functions
in older adults. Journal of aging research 2013;657508.
Voelcker-Rehage C, Niemann C. Structural and functional
brain changes related to different types of physical activity
across the life span. Neuroscience and biobehavioral reviews.
2013;37(9 Pt B):2268-95.

Gu Q, Zou L, Loprinzi PD, Quan M, Huang T. Effects of
Open Versus Closed Skill Exercise on Cognitive Function: A
Systematic Review. Frontiers in psychology 2019;10:1707.
Chang EC, Chu CH, Karageorghis CI, Wang CC, Tsai JH,
Wang YS, et al. Relationship between mode of sport training
and general cognitive performance. Journal of sport and health
science 2017;6(1):89-95.

Northey JM, Cherbuin N, Pumpa KL, Smee DJ, Rattray B.
Exercise interventions for cognitive function in adults older
than 50: a systematic review with meta-analysis. British journal
of sports medicine 2018;52(3):154-60.

Di Russo F, Bultrini A, Brunelli S, Delussu AS, Polidori L, Taddei
F, et al. Benefits of sports participation for executive function in
disabled athletes. Journal of neurotrauma 2010;27(12):2309-19.
Meng FW, Yao ZF, Chang EC, Chen YL. Team sport expertise
shows superior stimulus-driven visual attention and motor
inhibition. PloS One 2019;14(5):e0217056.

Taddei F, Bultrini A, Spinelli D, Di Russo F. Neural
correlates of attentional and executive processing in middle-
age fencers. Medicine and science in sports and exercise
2012;44(6):1057-66.

Wang CH, Chang CC, Liang YM, Shih CM, Chiu WS, Tseng
P, et al. Open vs. closed skill sports and the modulation of
inhibitory control. PloS One 2013;8(2):e55773.

Heppe H, Kohler A, Fleddermann MT, Zentgraf K. The
Relationship between Expertise in Sports, Visuospatial, and
Basic Cognitive Skills. Frontiers in psychology 2016;7:904.
Pfister T, Pfister K, Hagel B, Ghali WA, Ronksley PE. The
incidence of concussion in youth sports: a systematic review
and meta-analysis. Br J Sports Med. 2016;50(5):292-297.
doi:10.1136/bjsports-2015-094978

Covassin T, Elbin RJ. The cognitive effects and decrements
following concussion. Open Access J Sports Med. 2010;1:55-
61. Published 2010 May 12. doi:10.2147/0ajsm.s6919

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

277

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA
Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS medicine
2009;6(7):¢1000097.

Engeroft T, Ingmann T, Banzer W. Physical activity throughout
the adult life span and domain-specific cognitive function in
old age: a systematic review of cross-sectional and longitudinal
data. Sports Med. 2018;48, 1405-36.

Elkins MR, Moseley AM, Sherrington C, Herbert RD, Maher
CG. Growth in the physiotherapy evidence database (PEDro)
and use of the PEDro scale. Br. j. Sports Med 2013;47:188-9.
Critical Appraisal Skills Programme UK. (n.d.). CASP
checklists. Retrieved from https://casp-uk.net/casp-tools-
checklists/ [accessed:10.05.2021]

Alves H, Voss MW, Boot WR, Deslandes A, Cossich V, Salles
JL et al. Perceptual-cognitive expertise in elite volleyball
players. Frontiers in psychology 2013;4:36.

Chiu CN, Chen CY, Muggleton NG. Sport, time pressure, and
cognitive performance. Progress in brain research 2017;234:85-99.
Costa GC, Castro HO, Mesquita IR, Afonso ], Lage GM,
Ugrinowitsch H, et al. Tactical Knowledge, Decision-Making,
and Brain Activation Among Volleyball Coaches of Varied
Experience. Perceptual and motor skills 2018;125(5):951-65.
Fontani G, Lodi L, Felici A, Migliorini S, Corradeschi, F
Attention in athletes of high and low experience engaged
in different open skill sports. Perceptual and motor skills.
2006;102(3):791-805.

Giglia G, Brighina F, Zangla D, Bianco A, Chiavetta E, Palma
A, etal. Visuospatial attention lateralization in volleyball players
and in rowers. Perceptual and motor skills 2011;112(3):915-
25.

Gil A, Moreno MP, Garcia-Gonzilez L, Moreno A, del Villar E
Analysis of declarative and procedural knowledge in volleyball
according to the level of practice and players’ age. Perceptual and
motor skills 2012;115(2):632-44.

Kioumourtzoglou E, Kourtessis T, Michalopoulou M, Derri V.
Differences in several perceptual abilities between experts and
novices in basketball, volleyball and water-polo. Perceptual and
mortor skills 1998;86(3 Pt 1):899-912.

Kioumourtzoglou E, Michalopoulou M, Tzetzis G, Kourtessis
T. Ability profile of the elite volleyball player. Perceptual and
motor skills 2000;90(3 Pt 1):757-70.

KokubuM, Ando S,KidaN, OdaS. Interference effects between
saccadic and key-press reaction times of volleyball players and
nonathletes. Perceptual and motor skills 2006;103(3):709-16.
Loffing F, Stern R, Hagemann N. Pattern-induced expectation
bias in visual anticipation of action outcomes. Acta psychological
2015;161:45-53.

McAuliffe J. Differences in attentional set between athletes
and nonathletes. The Journal of general psychology
2004;131(4):426-37.

Nuri L, Shadmehr A, Ghotbi N, Attarbashi Moghadam B.
Reaction time and anticipatory skill of athletes in open and
closed skill-dominated sport. European journal of sport science
2013;13(5):431-36.

Schorer J, Rienhoff R, Fischer L, Baker J. Foveal and peripheral
fields of vision influences perceptual skill in anticipating
opponents’  attacking position in volleyball. Applied
psychophysiology and biofeedback 2013;38(3):185-192.

Kafkas J Med Sci 2022; 12(3):270-280



278

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Tomasino B, Guatto E, Rumiati RI, Fabbro F. The role of
volleyball expertise in motor simulation. Acta psychological
2012;139(1):1-6.

Tomasino B, Maieron M, Guatto E, Fabbro F, Rumiati RI.
How are the motor system activity and functional connectivity
between the cognitive and sensorimotor systems modulated by
athletic expertise? Brain research 2013;1540:21-41.

Urgesi C, Savonitto MM, Fabbro F, Aglioti SM. Long- and
short-term plastic modeling of action prediction abilities in
volleyball. Psychological research 2012;76(4):542-60.
Vansteenkiste P, Vaeyens R, Zeuwts L, Philippaerts R, Lenoir M. Cue
usage in volleyball: a time course comparison of elite, intermediate
and novice female players. Biology of sport 2014;31(4):295-302.
Zach S, Shalom E. The Influence of Acute Physical
Activity on Working Memory. Perceptual and motor skills
2016;122(2):365-74.

Zhang X, Yan M, Yangang L. Differential performance of
Chinese volleyball athletes and nonathletes on a multiple-object
tracking task. Perceptual and motor skills. 2009;109(3):747-
56.

Zwierko T, Lubinski W, Lesiakowski P, Steciuk H, Piasecki
L, Krzepota J. Does athletic training in volleyball modulate
the components of visual evoked potentials? A preliminary
investigation. Journal of sports sciences 2014;32(16):1519-28.
Diamond A. Executive functions. Annu Rev Psychol.
2013;64:135-68. doi:10.1146/annurev-psych-113011-143750
Lehto JE, Juujirvi P, Kooistra L, Pulkkinen L. Dimensions
of executive functioning: evidence from children. Br. J. Dev.
Psychol 2003;21:59-80.

Miyake A, Friedman NP, Emerson M]J, Witzki AH, Howerter
A. The unity and diversity of executive functions and their
contributions to complex frontal lobe tasks: a latent variable
analysis. Cognit. Psychol 2000;41:49-100.

Spirduso WW, Clifford P. Replication of age and physical
activity effects on reaction and movement time. Journal of
gerontology 1978;33(1):26-30.

Erickson KI, Hillman C, Stillman CM, Ballard RM, Bloodgood B,
ConroyDE,etal. Physical Activity, Cognition,and Brain Outcomes:
A Review of the 2018 Physical Activity Guidelines. Medicine and
science in sports and exercise 2019;51(6):1242-51.

Tsai CL, Wang WL. Exercise-mode-related changes in task-
switching performance in the elderly. Frontiers in behavioral
neuroscience 2015;9:56.

Tsai CL, Pan CY, Chen FC, Tseng Y'T. Open- and closed-skill
exercise interventions produce different neurocognitive effects
on executive functions in the elderly: a 6-month randomized,
controlled trial. Front. Aging Neurosci 2017;9:294.

Crova C, Struzzolino I, Marchetti R, Masci I, Vannozzi G,
Forte R, et al. Cognitively challenging physical activity benefits
executive function in overweight children. Journal of sports
sciences 2014;32(3):201-11.

Schmidt M, Jager K, Egger F, Roebers CM, Conzelmann A.
Cognitively engaging chronic physical activity, but not aerobic
exercise, affects executive functions in primary school children:
a group-randomized controlled trial. J. Sport Exerc. Psychol
2015;37:575-91.

Dai CT, Chang YK, Huang CJ, Hung TM. Exercise mode
and executive function in older adults: an ERP study of task-
switching. Brain Cogn 2013;83:153-62.

Kafkas J Med Sci 2022; 12(3):270-280

47.

48.

49.

50.

S1.

S52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

O’Brien J, Ottoboni G, Tessari A, Setti A. One bout of open
skill exercise improves cross-modal perception and immediate
memory in healthy older adults who habitually exercise. PLoS
One 2017;12:e0178739.

Jacobson J, Matthacus L. Athletics and executive functioning:
how athletic participation and sport type correlate with
cognitive performance. Psychol. Sport Exerc 2014;15:521-27.
Guo W, Wang B, Lu Y, Zhu Q, Shi Z, Ren J. The relationship
between different exercise modes and visuospatial working
memory in older adults: a cross-sectional study. Peer]
2016;4:€2254.

Tsai CL, Wang CH, Pan CY, Chen FC, Huang SY, Tseng Y'T.
The effects of different exercise types on visuospatial attention in
the elderly. Psychol. Sport Exerc 2016;26:130-38.

Gorham LS, Jernigan T, Hudziak J, Barch DM. Involvement
in Sports, Hippocampal Volume, and Depressive Symptoms in
Children. Biological psychiatry. Cognitive neuroscience and
neuroimaging 2019;4(5):484-92.

Diamond A. Close interrelation of motor development and
cognitive development and of the cerebellum and the pre-
frontal cortex. Child Development. 2000;71:44-56.

Fernandes VR, Ribeiro ML, Melo T, de Tarso Maciel-Pinheiro
P, Guimaries TT, Aratjo NB, et al. Motor Coordination
Correlates with Academic Achievement and Cognitive
Function in Children. Frontiers in psychology 2016;7:318.

Liu X, Banich MT, Jacobson BL, Tanabe JL. Common and
distinct neural substrates of attentional control in an integrated
Simon and spatial Stroop task as assessed by event-related
fMRI. Neuroimage 2004;22:1097-1106.

Budde H, Voelcker-Rehage C, Pietrabyk-Kendziorra S,
Ribeiro P, Tidow G. Acute coordinative exercise improves
attentional performance in adolescents. Neuroscience letters
2008;441(2):219-23.

Lopes L, Santos R, Pereira B, Lopes VP. Associations between
gross motor coordination and academic achievement in
clementary school children. Human movement science
2013;32(1):9-20.

Higashionna T, Iwanaga R, Tokunaga A, Nakai A, Tanaka K,
Nakane H, et al. Relationship between Motor Coordination,
Cognitive Abilities, and Academic Achievement in Japanese
Children with Neurodevelopmental Disorders. Hong Kong
journal of occupational therapy 2016;30(1):49-55.

Swami S. Executive Functions and Decision Making:
A Managerial Review, IIMB  Management Review
2013;25(4):203-21.

Dupuy O, Gauthier CJ, Fraser SA, Desjardins-Creépeau L,
Desjardins M, Mekary S, et al. Higher levels of cardiovascular
fitness are associated with better executive function and
prefrontal oxygenation in younger and older women. Frontiers
in human neuroscience 2015;9,66.

Santana C, Azevedo LB, Cattuzzo MT, Hill JO, Andrade LP,
Prado WL. Physical fitness and academic performance in youth:
A systematic review. Scandinavian journal of medicine & science
in sports 2017;27(6):579-603.

Aberg MA, Pedersen NL, Torén K, Svartengren M, Bickstrand
B, Johnsson T, et al. Cardiovascular fitness is associated with
cognition in young adulthood. Proceedings of the National
Academy of Sciences of the United States of America
2009;106(49):20906-11.



62.

63.

64.

65.

66.

Esmacilzadeh S, Hartman E, Farzizadeh R, Azevedo LB,
Kalantari HA, Dziembowska I, et al. Association between
physical fitness and cognitive performance in 19-24 year old
males. Biology of sport 2018;35(4):355-62.

Kilner JM, Neal A, Weiskopf N, Friston KJ, Frith CD. Evidence
of mirror neurons in human inferior frontal gyrus. The
Journal of neuroscience : the official journal of the Society for
Neuroscience 2009;29(32):10153-9.

Molenberghs P, Brander C, Mattingley JB, Cunnington R. The
role of the superior temporal sulcus and the mirror neuron system
in imitation. Human brain mapping 2010;31(9):1316-26.
Bernier R, Aaronson B, McPartland J. The role of imitation in
the observed heterogencity in EEG mu rhythm in autism and
typical development. Brain Cogn 2013;82(1):69-75.
Hadjikhani N, Joseph RM, Snyder ], Tager-Flusberg H.
Anatomical differences in the mirror neuron system and social
cognition network in autism. Cerebral cortex (New York, N.Y. :

1991). 2006;16(9):1276-82.

Supplementary

67.

68.

69.

70.

71.

72.

279

XuZ,HuM, Wang ZR, LiJ, Hou XH, Xiang MQ. The Positive
Effect of Moderate-Intensity Exercise on the Mirror Neuron
System: An fNIRS Study. Frontiers in psychology 2019;10:986.
Dahlin E, Neely AS, Larsson A, Bickman L, Nyberg L.
Transfer of learning after updating training mediated by the
striatum. Science (New York, N.Y.). 2008: 320(5882),1510-12.
Jonides J. How does practice makes perfect?. Nature
neuroscience 2004;7(1):10-11.

Chuch TY, Huang CJ, Hsich SS, Chen KF, Chang YK, Hung
TM. Sports training enhances visuo-spatial cognition regardless
of open-closed typology. Peer] 2017;5:¢3336.

Memmert D, Simons DJ, Grimme T. The relationship between
visual attention and expertise in sports. Psychol. Sport Exerc
2009;10:146-51.

Voss MW, Kramer AF, Basak C, Prakash RS, Roberts B. Are
expert athletes ‘expert’ in the cognitive laboratory? A meta-
analytic review of cognition and sport expertise. Appl. Cogn.
Psychol. 2009; (24):812-26.

Supplementary Table I. Quality assessment of observational studies

15t author, year

Quality scoring

Final score

Alves etal. (2013)
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Costaetal. (2018)

Fontani et al. (2006)
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Supplementary Table II. Quality assessment of intervention study

15 author, year

Quality scoring

Final score

Zach and Shalom (2016)
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Supplementary Table III. Quality assessment of cohort study
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Quality scoring

Final score

Zwierko et al. (2014)
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A. Items of quality assessment tool for observational studies.

Study purpose
1. Was the study purpose clearly stated?
Study design and methods
2. Were eligibility criteria and the sources and methods of selection of participants clearly defined?
3. Were all outcomes, exposures, predictors, potential confounders, and effect modifiers clearly defined using
standardized methods of acceptable quality?
4. Was exposure measurement carried out using standardized methods and measures and with acceptable quality?
5. Were the effects controlled for current (from physical activity assessment to cognitive function assessment)
physical activity behavior?
6. Were the results adjusted for sedentary behavior?
Statistical methods
7. Was choice of confounders adjusted for, and in the case of subgroup analysis, was the definition of subgroups
appropriate (sex, age, education or IQ, social surroundings, chronic diseases, alcohol, and smoking)?
8. Were all statistical methods, including those used to control for confounding and to examine subgroups and
interactions, appropriate (i.e. sample size, statistical power)?
9.  Were methods dealing with missing data appropriate?
Results
10. Were descriptive data and results of inductive analysis clearly stated?
11. Were unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g., 95%
confidence interval) given?
Discussion
12. Were study limitations clearly stated?

B. Items of quality assessment tool for intervention studies.

eligibility criteria
randomization

concealed allocation
similar baseline

blinding of all subjects
blinding of all therapists
blinding of all assessors
more than 85% retention
intention to treat analysis
between-group comparison
point measures and measures of variability

el o S

— O

C. Ciritical appraisal skill program (CASP) score criteria of Oxford Center for Evidence-based Medicine

Whether the study address a clearly focused issue

Whether the cohort were chosen in an acceptable way

Whether the exposure precisely measured to reduce bias
Whether the outcome precisely measured to reduce bias
Whether the authors identified all significant confounding factors
Whether they considered con-founding factors in the design or analysis
Whether the follow up of subjects was complete

Whether the follow up of subjects was long enough

7.  Whether the result of this study in complete

8. Whether the result was accurate

9. Whether the result of the study in believable

10. Whether the result could be applied to local population

11. Whether the result fit with other available evidence

12. Whether this study provided implication for practice

Nk v =

*

Kafkas J Med Sci 2022; 12(3):270-280



