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Metacognitive skills (MCSs) is one of the emerging research fields of metacog-
nition. The literature has proven that different teaching interventions impact vari-
ous sports performance and individuals’ MCSs. However, there is a lack of detatled
systematic review about this topic. The primary aim of this study is to investigate
the effects of teaching interventions on MCSs in physical education. A comprehen-
stve search was conducted using five databases. The results indicate that notable in-
pacts were observed on metacognitive knowledge and metacognitive behavior, less
significant effects on metacognitive experiences. The sports types primarily focus on
team ball sports, with limited research in individual sports. These results provide
a valuable resource for physical teachers, coaches, and trainers. However, there is
still significant room for research in comparing the effects of different interventions
on populations among different genders, ages, and levels of sports using various re-
search designs. Consequently, future research should prioritize in-depth exploration
in these aforementioned areas.

KEy worps: Teaching interventions; Metacognitive skills; Physical education;
Physical performance.

Introduction

Learning skills in physical education (PE) refer to the abilities and strat-
egies that facilitate effective learning and acquisition of knowledge and mo-
tor skills (Jassim et al., 2022; Tuononen et al., 2023). Assessing these complex
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skills can provide valuable information for teachers, coaches, and trainers
regarding specific instructional, competitive, or athletic requirements, and
help students, players and athletes improve their academic, motor and physi-
cal performance (Alvarez-Bueno et al., 2017). Among these skills, psycholog-
ical skills represent the most complex aspect. Consequently, in recent years,
an increasing number of scholars in the field of psychology have been shifting
their research focus from general cognitive skills to specific cognitive skills
and from external motor control research to internal control research, all to
optimize the learning and educational processes (Pintrich et al., 1993; Pin-
trich, 2004; Mehrangiz SHoaakazemi et al., 2013; Mucha et al., 2020). The
study of metacognitive skills (MCSs) is one of these emerging research fields
(Flavell, 1979;1992; Hacker et al., 2009; Hameed & Cheruvalath, 2021).

Numerous studies have shown that employing MCSs often leads to ef-
fective learning outcomes and academic achievement (Malambo et al., 2022).
These skills can be categorized based on the degree of cognitive processing
involved (Pintrich et al., 1993; Pintrich, 2004). High levels of MCSs have a
positive correlation between individuals’ happiness, self-confidence, well-be-
ing, and academic achievement (Mehrangiz SHoaakazemi et al.,2013; Adary-
ani, 2013). Moreover, high levels of MCSs increase a person’s chances of
success (Neriman Ataseven et al., 2016); are correlated with self-efficacy (Sa-
franj, 2019), self-concept (Durodolu, 2018), and positively influence self-di-
rected learning during problem-solving, helping to develop critical thinking
(Elhamifar et al., 2019; Worley et al., 2019; Breed and Bailey, 2018; Tachie,
2019; Kumar et al., 2022; Atman Uslu, 2022), learning strategies (Nasser Al
Rawahi, 2015; Berger and Karabenick, 2016), academic performance (Lang-
don et al., 2019), and self-regulating skills (Kermarrec et al., 2004; Shimon
& Petlichkoff, 2009; Steh & Sari, 2020; Trabelsi et al., 2022). Additionally,
MCS:s help to control and regulate negative thoughts, emotions, beliefs, and
sad memories (Davis et al., 2010; Hameed & Cheruvalath, 2021).

Currently, several scholars have introduced various concepts related to
MCSs including metacognitive awareness (Davis et al., 2010; Giindo du &
Celebi, 2017), metacognitive emotions (Dong QI, 1989), metacognitive feel-
ings (Goudas et al., 2017a), metacognitive strategies (Adaryani, 2013; Berger
& Karabenick, 2016; Liu et al., 2019), metacognitive judgments (Palmer et
al., 2019), metacognitive behavior (Chatzipanteli et al., 2015b), and metacog-
nitive knowledge (Elhamifar et al., 2019; Worley, 2019; Stephanou and Kar-
amountzos, 2020). However, there is no universally agreed-upon definition
of MCSs within academic circles. Some scholars have specifically explained
this, as they believe that MCSs are indeed about thinking about one’s own
thinking and using that awareness to enhance learning, problem-solving, and
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decision-making abilities (Hameed & Cheruvalath, 2021; Neriman Ataseven
& Oguz, 2016; Thompson, 2012). Therefore, in this study, we initially con-
ceptualized MCSs in accordance with metacognitive theory as any reflective
thoughts, knowledge, behaviors, and experiences related to metacognition
within the context of learning processes (Flavell, J. H, n.d.1979).

Moreover, numerous scholars have operationalized MCSs as the scien-
tific study of the mind’s ability to monitor and control itself. An increasing
number of articles have focused on the influences of various sports fields,
including different physical education (PE) courses such as football teaching
(Kent et al., 2022; Price et al., 2018; YASUO SUSAKI, n.d.,2021), volley-
ball teaching (Chatzipanteli, Digelidis, Karatzoglidis, et al., 2016), basketball
teaching (Cleary, et al., 2006; Kolovelonis et al., 2012; Chatzipanteli et al.,
2015b; Stephanou and Karamountzos, 2020), and yoga teaching (Jiang Rong,
2019). Furthermore, a systematic review on the association between PE,
physical activity (PA), cognition, metacognition, and academic performance
(Marques et al., 2016; Alvarez-Bueno et al., 2017; Malambo et al., 2022;)
has been conducted. Based on existing reviews, the effects of metacognition
on physical performances and technical skill performance have been proven
positive. However, limited research discussed the impact on psychological
aspects, especially on MCSs, and What are the other emerging themes of
MCSs in school-based settings PE. The existing research has not provided
a comprehensive literature review or a clear summary of these aspects. This
evidence needs to be compiled systematically. Therefore, the primary pur-
pose of this systematic review is to analyze the evidence published about
the effects of different interventions On Mcss And Physical Performance In
School-Based Settings PE.

Methodology

ProTOCOL AND REGISTRATION

This study has been registered on the International Registration Sys-
tem Evaluation and Meta-Analysis Protocol Platform under the registration
number CRD42022362842.

Eligibility Criteria

PICOS (Population, Intervention, Comparison, Outcome, and Study
Design) criteria were used as the inclusion criteria for this review (see Table
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TasLe I
Inclusion Criteria According To The PICOS Framework

Items Detailed inclusion criteria
Population PE students (female/male) (no age restrictions), Professional athletes were
excluded.
Intervention Any metacognitive-related PE teaching methods, strategy or styles in different

sports classes (not limited by activity items).
Comparison No metacognitive interventions employed

Outcome Included any form of MCSs (metacognitive knowledge, metacognitive behaviors,
metacognitive feelings, etc.)

Study designs RCTs and nRCTs

Note: RCTs: randomized controlled trials; nRCTs: non-randomized controlled trials.

1 for details). The review included articles that met the following inclusion
criteria: (1) assessment of any forms of MCSs and physical performance af-
ter specific interventions; (2) inclusion of student populations in different
school-based settings; (3) utilization of interventions aimed at influencing
MCSs and physical performance; (4) use of specific instruments or scales
to test and assess MCSs; (5) inclusion of any form of sports; and (6) utili-
zation of randomized controlled trials (RCTs), non-randomized controlled
trials (nRCTs), in the study design. The data collection process, following the
PRISMA guidelines, is illustrated in Figure 1.

SEARCH STRATEGY AND SELECTION OF LITERATURE

The methodology was conducted following the latest Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) statement (Page et
al., 2021). A comprehensive search was performed on scholarly literature pub-
lished before May 2023 using five prominent databases: PubMed, Web of Sci-
ence, SPORTDiscus, Scopus, and China National Knowledge Infrastructure
(CNKI). To ensure the reliability of the retrieval method, data retrieval was
assisted by experienced librarians. The search terms were utilized both indi-
vidually and in combination to search the aforementioned five databases. Ad-
ditionally, Google Scholar was searched to identify any literature that may not
have appeared in the main database search results. The search terms used were
as follows: (“metacognition” OR “meta-cognition” OR “metacognitive skill*”
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g Record identified through database Additional results identified
"§ searching(n=269), Pub Med (n=21) through Google Scholar and
!E Web of Science(n=50) Reference(n=1)
g Scopes(n=32).CNKI(n=4)
= SPORTDiscus(n=162)
v v Excluded:
Records after duplicates are Subjects are not PE
f removed (n=176) students (n=89)
.E Without relevant
Z interventions(n=29)
s v > Without special test
Number of records remained i.nstrummt?(n=1 8)
after screening (n=28) Notjournal articles(n=12)
E > Excluded:
= y Not control group (n=12)
= Full-text articles assessed for Not English (n=1)
eligibility(n=15)
Studies included in
SR(n=15)

Fig. 1. - Flowchart of study selection.

OR “meta-cognitive skills*” OR “metacognitive intervention*” OR “metacog-
nitive teaching” OR “metacognitive training”) AND (“student performance”
OR “technical skill*” OR “skill*” OR “technique” OR “performance”) AND
(“physical education” OR “PE” OR “school sport*”).

The study selection included four significant processes (Fig. 1). Initially,
the search process began by examining the titles and keywords in each data-
base. Then we upload search results to Zotero (version 6.0.26.0). Duplicate ar-
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ticles were eliminated, and the title and abstract were determined in the second
stage. Subsequently, articles related to other subjects or written in other lan-
guages were excluded, and this review only includes articles written in English.
This decision was made because, upon inspection, it was found that only one
article was written in Spanish, and due to the difficulty of translation, it was ex-
cluded. Additionally, conference abstracts, books, book chapters, and research
not published in peer-reviewed journals, were also excluded. Two independent
reviewers (LB and JZ) completed this process without knowledge of the au-
thors and institutions of the research (They were blinded to the authors and
institutions of the research) for eligibility criteria. There was some controversy
during the review process regarding studies on the theme of “executive func-
tion”, and a third reviewer (N]) was invited to discuss and ultimately reached
an agreement to include them. The differing opinions of the two reviewers
were addressed after a full-text review. If disagreements persisted, discussions
were held with the third reviewer until a consensus was reached. Detailed
records of exclusion reasons were maintained during the full-text screening
phase. Articles retrieved from other databases using the same search strategy
(title and/or abstract) were independently screened by two reviewers to deter-
mine if they met the inclusion criteria.

Data Extraction and Analysis

Two reviewers (LB and JZ) obtained information to extract the follow-
ing information from the included articles: author, year of publication, coun-
try, population characteristics (sample size, sex, age, grade) interventions and
instruments, comparison, duration, metacognitive skills, sport type, and out-
comes. A third reviewer (NJ) verified its accuracy again.

Quality Assessment

The methodology of each included study was assessed for quality using
the quantitative assessment tool QuallSyst (Kmet et al., 2004), which is a
widely recognized method in quantitative research. Two authors (LB, HX)
independently utilized the QuallSyst tool. The results were cross-checked by
the third author (NJ) and all three reviewers achieved agreement. QuallSyst
consists of 14 items, and scores were assigned to each study based on the
extent to which specific criteria were met (Yes=2, Partial=1, No=0). Items
marked with “NA” were not applicable to the study design and were not
included in the calculation of the total score. The summary score for each
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study is calculated by summing up the total points earned and dividing by
the maximum possible points. The scores <55% indicate low quality, 55 %-
75% represent medium quality, and 275 % indicate high quality. Low-quality
studies were excluded from the systematic review. Table 2 shows that out of
the 15 included articles, 8 were rated as high-quality and 7 as moderate qual-
ity. All the included articles met the quality requirements.

Study Risk of Bias

The Risk of Bias in Randomized Trials 2 (RoB 2) tool was used to as-
sess the publication risk of bias in randomized controlled trials and consists
primarily of five domains: randomization process, allocation concealment,
blinding, incomplete outcome data, and selective reporting. For each study,
the risk of bias in each domain was assessed as “low risk,” “some concerns,”
or “high risk”. Based on the risk of bias level in each domain, an overall sum-
mary of bias risk for the entire trial was determined. Finally, all trial-specific
bias assessments were aggregated to assess the risk of bias in the entire sys-
tematic review. To enhance the credibility and reliability of the assessment, a
risk of bias assessment was conducted independently by two authors (LB and
JZ) and discrepancies were resolved through discussion. For specific assess-
ment results, please refer to Supplementary Material 2- Study Risk of Bias.

Results

In this study, 269 articles were screened, and 176 articles remained after
duplicates were removed. After filtering the titles and abstracts, 28 articles
remained, and after filtering for experimental groupings, only 15 highly rel-
evant articles were selected for this systematic review. As shown in Table 2,
the quality evaluation results revealed that eight of the selected articles were
of high quality, and seven were of moderate quality. After discussion and
evaluation by the research team, 15 articles were included in this systemic
literature review.

Table 3 presents the detailed characteristics of the included studies, in-
cluding the following aspects:(1) Country — ten articles (67 %) conducted in
European (9 in Greece, and 1in United Kingdom ), two (13 %) conducted in
United States of America, and three conducted (20%) in Asia (2 in China,
and lin Japan); (2) sample size — a total of 1,959 respondents were included
in the 15 articles, with participant ages ranging from 5 years olds (Chen et al.,
2022) to 22 years (Cleary, et al., 2006); (3) gender distribution — most study



Metacognitive skills in physical education 517

samples consisted of both male and female respondents, although there were
two studies that focused solely on male participants (Kent et al., 2022; Yasuo
Susaki, 2021), and one study that did not provide specific details regarding
the gender(s) of the participants (Jiang Rong, 2019); (4) Population classifi-
cation — two articles (13 %) included junior high school students as respon-
dents (Stephanou and Karamountzos, 2020; Chatzipanteli et al., 2015b), nine
articles (60%) included elementary school students and kindergarten (Lakes
and Hoyt, 2004; Kolovelonis et al., 2012, 2022; Papaioannou et al., 2012;
Chatzipanteli et al., 2015a, 2016b; Goudas et al., 2017; Chen et al., 2022;
Kolovelonis and Goudas, 2023) , one article (7 %) included both junior high
and high school students (Kent et al., 2022b), and three articles (20%) in-
cluded college students (Cleary et al., 2006a; Jiang Rong, 2019a; Yasuo Su-
saki, 2021).

Methodological Characteristics

Among the 15 included articles, 3(20%) utilized mixed research meth-
ods, combining qualitative and quantitative approaches, while the remaining
12 articles (80%) employed purely quantitative experimental teaching meth-
ods. In mixed research, the research only extracted the quantitative data
for analysis. 12 articles employed randomized controlled trials (RCTs) for
their interventions, 3 articles did not explicitly specify the allocation method.
The duration of the interventions varied across the articles, ranging from 12
minutes to 10 months. Among them, four articles utilized acute experiments
focusing on gaming, dart-throwing, basketball free-throws, and shooting
techniques, while four articles examined metacognitive performance in PE
settings over a span of 2-4 weeks. The remaining seven articles employed
teaching experiments lasting more than 10 weeks. Among the 15 articles,
11 utilized metacognitive interventions specifically targeted at PE teaching,
while 4 articles implemented interventions related to sports training. These
studies encompass various types of PE classes with an equal split between
team projects (8 articles) and individual projects (7 articles). Out of the eight-
team studies, three focused on various techniques within soccer and basket-
ball classes, two examined basketball shooting performance, two explored
tactical techniques (one in volleyball and one in basketball), and two delved
into the basketball and soccer curriculum. Three studies investigated games
related to metacognition in PE classes, and the remaining three covered yoga
classes, tackwondo, elementary PE classes, and dart throwing, each with one
study. Further details can be found in Table 3.



AWN\NQ.NNQQUV

REQSRE]FEMSIEN
‘SI97DB) pue
SOJBWUSSE[D WO}
Supyeas-dpy yres
-§[os ‘Suprojiuow
o8ewr ‘1I0p0)

03300 pue SUOTIUDAIIUT
QourwIograd pajensas
‘Supas [eo3 9 ON DD
DNeOT ysep ‘ssed 18918918118 /UL (06 SUOTIUDAIIUT syuopnis
2IJ<IS0q IS Surqqup Surures] SUOISSas 7T poensas S ‘TIS 93a110D) 1D 1202
4 As ‘TIS 119200§ Ppo3e[nS821-§9g Syoom 7] JPS O JO [Ppow [BdIPAD) L'0FLST:VIN WOF=N uede( ‘Besng onsex
pa1enbs
sonbruyd91 -1yD) omndead
:0D<OT L dd SAISUDJOP SUOE Id :HD SATII[JI
OD<OH ~ PUEAASI[O  UOHNIIXD [[BS 4 PUe ‘gD ‘Ld pue sdoys  QZTFCIFIVIN ze0z
HqS ‘DA 119200§  ‘SupyEW UOISII(] syeam g7 Susudwo)) :oyyg srom gD ‘ILd ST 11V TS SN “Te 39 Judy
A J <150 N SUONE[NSI ‘s/uruigl ugIsop
21J<350( S [euonEAIOW ‘M /SUOTSSIS JOA0-SSOIT)
DO<OH:LA OVdOD pue suonouny [4 *OVdDD DD 14 1S 14d $peIBC-HD  NA6FTNOS TeoT e
1S 14 s3umes I SANNX S OVdOD *Od SIH OVADD ‘60 FLE6 =VIN 66=N 299919 19 SIUOPAOIOZ]
2ouanIadxo
SATIIUS0BIDW
‘uonrugod Jo SONIATIOR
uope[saI pue S/UC'T Suryoea ININ OIIN
R1J<I0:OH Ke[  oSpapmouy SIS ‘M /SUOTSSIS aunnoy 0N {PPOIN Surydea], uouediopury  INA0ZINLT 2202
{OD<OTSOIN Huy ‘LINDD 9ATITUS0BIDIN T ‘sYPamzT INDD DT Aeid Huy ‘LINDD D 9-Cy /=N euIyD) “Te 32 U2y
Lmqrxag
aapmuBo)) Hd Mo 9D €20T
*D0<7H™ ‘197 OVdOD ‘uonIqIu  Judwadxd JIHAV :2Hd 14 LS - 1dd $PEIBCHiD  INAIYIN9S ‘sepnog) pue
TOA<TOT ST Bung qd AoudNL IS MNP UG OVdOD ‘1O OVdDD  LEOFET 0T =VIN COT=N 293919 STUOPACIO
SIS SJUWINYISUL Xog
sawodn(Q 9d43 s1r0dg 9AnIUS0oEIdIA uopeIn( uosedwon) /SUOIUDAINUT apein) P8y suonemndog  £nunon) fpmg

TIT 414V ],

spp1a(J Sapnis a4 fO Mmaraiaa0)



AWN\NQ.NNQQUV

$SaUI02II0D —UGN

'SSOUIIAII0D
pue “nongp
410339 : SBUIDJ
9ATITUS0BIDIN

Aquo-sopdead

OD<=9d ‘dd x::umﬁw»towv Eoﬁﬂ:wuu&um vEﬁ:m VDD
JO s3urpady pue ‘[o13u0d 2onoead jo [eos
VTS O8papmousy -J[os ‘vonenwa ssa001d pue
Sunooys ‘UOneAISqO onoead opduwis
‘0D<¢Oq ‘Qouewopd ‘Bunas [e03 PeqpasyeRos  ODINSD ‘VAAL SI2peIS YIXIS INEE4S
“TOT NI O Sunooys “Burures] pautquion ‘NI O YO W9 L10Z “Te
LOW AW reqrssed pawnaai-gPg $INOY OM], 1€Od1od “TIS LOW AN ‘¢’ 0FPETT=VIN ‘88=N 299319 12 sepnogy)
‘uonEWwNS
‘UOTIRIPIWI
OD<OH SPeqpady poyaw Surgeay
dd fe ‘UOMINIIXD [BUOTIUDAUOD):0))
SIWOd 90<91 ‘poypew Surures
‘I SYINSD ‘ssaudreme PABIUBOER  SYINSD ‘SO swuRpnIs 6102
21J<150] ‘N B30% ‘Suruue|d ‘N syiuow (] O ‘IIN 98a1[0D) 1D 0ZI=N BUIYD) ‘Suoy Suer(
(A198ewur
‘uopnen[eAd
‘so13018138
Surajos woyqoad
‘Surroluow
‘Buruuerd)
uonengas
QATITUSOdBIW
‘(Juswadeurwr
UOHBWIOFUL
O8pomouy
Swes-[ednoe) [eUOnIPUOD
Surpuelsiapuf) ‘[eanpasoxd yoeosdde paseq
I d O 103 sowe ) SATIEIEOIP) a/un gy RIS [eORUR3], OddIdN A\ E24 0coc
QIJ<180J :OF Suryoea], o3pomouy| SUOTSSas ()T D)) [Ppow yoeoxdde owed s1opesd INST ‘sozjunowerey|
OD<OT N eqeyseq 9ANTUSO2BIDN ‘S3PIM (] NIOL OF -[edondel N3O, IU2AG 10) Ip=N  299215)  pue noueydolg
SIS sjuaWINIISUY X3¢
sawoan( 3d£y syr0dg SADIUS0EISN uvopen( uosiedwo)) /SUOIIUDAIIUT apein) /o8y suonemdoq  Anuno) Lpmg

111 919V ], - (ponuziuo?))



ANQ%§§NN§QUV

A11A1108 Iopuas
aanusooeIawW papraoxd
[[e3240 ‘SurrouOW 9[41s Suryoeal ON 61
O0<0d Sse[2 ‘Bupuerd JL/urwcy «PITIL 20D OddIdN INATPT
Hdd OD<Od Ad s[ooyds :UONEMINY-JPS SU0SSI ¢ 3[41s Suryoea) SIUIPNIS [00YOS I6TT 210z ‘e @
OHdIIN ‘TNT Areruowarg aapruSodeIdN SyPaM 7 SPAYP-JPS 1O NI O OV Arequowary 10 ‘697=N  209215)  nouueoredeg
‘uonengas
QATITUSOOBIDW
98papmouy yoeosdde
D0<Od aARUZodPIW L/ ¢ PoSEQ-IIBS OAdIdN SIUSpIs [OOYOs Nd6¢
1| dd 21g<1s0q :Inoraeyaq SUOSSI[ 8 10D Ppow [Ppow swes Arewni (o) INZE q<10z e 12
D0O<Od *dIN [req=3sed 2ARIUB0dERN SPoM MOL-Od [eORdE [FOL [ANR [/=N 20919  [piuediziey)
*(Kra8ewur
‘uonen[eAd
‘sa1301811S
Surajos wapqoad
‘Surroiruowr
‘Buruuerd)
:uonengsal
2AnTUS0dBIW
‘(1uswaSeurw OAdIdN
UOLBWIOJUT ‘s9[A1s A19A02SIp
98paymouy| JUISISAIP pue
[euonIpUOd A19A02STp
‘[eanpaco1d s9141s Suryoeay 1U25I9ATOD
SATIBIE[IIP) pa191Ud A19A02STp
S8parmouy| -PYIEIT ) papms ‘worsnpur
1 J<IS0] WNOLIND santusodeIaw So[h1s BIREISEIER s1opeIs INI€8T
DD<OH 19200§ ISOMIATIO® SUOSSI[ §¢  JuIEa) pajeande 1891418 Suryoea) IU2AG :5) INSTE eCIOZ “Te 30
TNAT SIN VIN ‘[eqesseq 2ANTUS0IBIDN SYM 9T QUOPIIG iy PIIBAIIOE JUSPIIG 952" 109=N  999215)  1piuediziey))
‘uonensas yoeoxdde
aanusodelowr pasnooj
O8paymouy -onbruyday,
0D<HYg SOLIBUDIS aanudodelowr /Ut ¢ ‘0D Ppow sjoo0301d pnofe SIUIpNIS [00YIS Wd6¢
dd ©0<9q [eonoE) :Ino1AByaq SUOSSI[ 8 Swes-[eonoe) {UIy [, [Ppow -Areuawalyg INTE 910z “Te P
180d > 31 | gIN BILLSI N 2ANTUS0BIDN SyPaM f nnLoOd 98e1s-1oj NJO 1, D 7111V /=N 29919  1piuediziey)
S[IYS sjuWNNSUL Xag
sawoan() ad£ syr0dg YNV ELRTART N vopein(g vosuedwon) /SUOIUAINUY spein) a8y suonemdog  Anuno) Lfpmg

I 914V ], - (panuzjuoy))



*S[BLI} PI[[0JIUOD PIZIWOPUEI-UOU (ST YU "S[BLI} PI[[OTIU0D PIZIWOPUEY ;] )Y “AIIqe SULIONUOW-JS (NS {SULIOIUOW SANIUS0ILIDN [N O[S AN[IqY SANIUSOIBID[N SIUIpMIg
9BI[0D) :SYINSD IONPUOd WOOISSE]) :)7) D[S $OUIJUT dARdepY STV (SUONOLII-JPG S {SUILIES[ PAIB[NSI-JPG ‘TS ‘AI0IUDAUT WadIsd-JRS S O[EdS d8ud[[ey ) 03 asuodsay SOy
{UOHPATIOW JISULIU] (AT DIPWI]D [EUOHBAROIA] :DJA] ‘S[E0S JUSWDAIIYDY ()Y direuuonsan() 3oay)) uonendiuejy Sunios-eos) :HDNSLD) $$9UI01100 pue KINOLIp ‘W00 JO sUIPd] V]
{s3urea] 2ARTUS0ERN N ‘sdoysrom [eIoiaryaq-2AnIuSoY) :sdoysyiom ¢7) Sururel] 2nssai [, SUONNIIXD IS ‘S Sun{ew UoIsa(] A o1oeid SANIS[AY Y HIOIABYS]G-2ARIUSOT)
gD ‘Sururen anssa1 [ J ‘AOedIJR-JPS ‘S ‘UOHBATIOW JISULIIXD PUE JISULIUT [NH] ‘SOHIANDE JARTUSOOBIIA YN Douewiofiad [ed1sAY ] :J ‘UORIUSOIBIA (] DN ‘$938Is POOW JO oI
'SINOJ Qo:&ﬂu@ SATIUSOJBIDN N OSPI[A0U SABIUSOBIDN YA DIUUONSINC) UOHEINPH [eIISAY UI $S3001] 956@85@2 :OAdIJIN ‘SUORE[NGSDT [BUOHBAROIN N ‘383, Jo3Ue[]

YTHLA 4891, doomng ay, IS¢ 13T, Aduan[] uSIsq Y], [ [ ‘Sowes Aande [edrshyd Sursusreyo &u\EEmoU OYIDD) SS2UIJ PRIeRI-I[eay mcaoﬁguw J0§ samande L TYHAYV Sl [IMS
25:%8832 LSIN “[Se], SULIOIUOJN 2ARTUSOBIIA (L ININ uhmccommu:O ADIAIDIUT DFPAMOUY] dANIUS0LIDN (DTN “AN[Iqe SARIUS0ILID (DA ¢ SUTUIEL], UORTUSOORIIA Sm wnnoMIny)

SuIpPIIy) paweu wersord JuSWDUBYUS UOHIUSOBIDIA [JNDD) TUBYI-SSIT 1> UBY}-1EII0) & < DOUDIDJFIP JULDLIUSIS ON] (<> 3207 1 I9ySIH] 1| 98y 1y Opein) :0) D[ews] N OeN [N ION

.EDUHwM%wa

‘Anpquoensp ‘dnois gq
WOoIJ WOopad1j [euonipel], 107
‘sanmOyJIp weisord
pue syisuans uoneInpa
90<Od ‘ldd ‘o8uaeyp e dryssapeay SO¥ 66
WA<IN I TIS o uomy ey, 01 osuodsar ur ‘dnois sure IS DD ‘TAS ¢ apeIo) ysnoy N6 007 ‘Mo
V1AS 97 1S1I€ [eNIB]N uonensI-JPg SN 7T [enreN :OY weisord qQy uoLIESIapULy (5 ¢61=N VSN pue soye]
"UOmIOLII-J[8
‘uonen[eAd-Js
Juowdpnl-jas
:aseyd uonds[peI
-J[°S ‘UoneAIdsqo
-J[o$ [013U02-J[38
‘prodai-jos
:ss001d aseyd
‘uoneidepe 2OUBWIOND ] 2onoesd-ou pue
Supooys ‘Suruued A[uo-somdeIg
Qourwograd J18918138 19D
Sunooys ‘Sumas [eos uonONIISuy 3[BIG SAOURIDJUT syuopnis INIOF
9D<OT | dd SMOIY3-993] :ss001d aseyd poarensas aandepy 93a110D) 1D INOT 900Z
DO<Od “TdS [req=3sed ySnopatog ur-¢1 FPS ¢ 1O TS NS 6'CTFLITVIN 0¢=N vsn - e Aresp)
Aquo
‘JuawAofud 0MdRIJ (D)D)
pue ‘vonovysiies 2onoead el WASH
0D<OT |\ dd ESIRIIERIER -J[°s pue Sunios a1reUuUONsSanC) sopeas ‘INOY
DD<OT ‘TS douewIopRd ‘Suturesy jo [e08 paurquion) Sunos [eos pue PXIS-YPL 2O 10T “Te 12
‘0D =0T JAS  Sumoiyr-ieq uone[nSI-J[og urw-9| 1O RS TS TAS L90FTIOTT:VIN CQ=N 2222195 STUO[AO[OY]
SIS sjuRWINISUL pElN
sawoonQ ad£y syodg SADIUS0dEIN uvopen( vosiedwo)) /SUOIIUDAIIUT apein) /o8y suonemdoq  Anuno) Apmg
111 314V ], - (poruzjuo’))



522 L. Bao, N. ]. M. Nasiruddin, K. G. Soh, H. Xie, X. Lin, ]. Zhang

Teaching Interventions and Instruments

The intervention conditions for the experimental groups varied across the 15
included studies. Among the articles, five used different teaching models as their
interventions: two employed the TGfU model (Stephanou and Karamountzos,
2020; Chatzipanteli et al., 2015b), one utilized the tactical-game model (Chatzi-
panteli et al., 2016), and one applied the Cyclical model of self-regulated learning
(Yasuo Susaki., 2021). Two articles implemented different teaching styles in their
experimental groups: one utilized a student-activated teaching style (Chatzipanteli
et al,, 2015a), and the other employed a ‘self-check’ teaching style (Kolovelonis et
al., 2012). Five papers employed various acute and chronic intervention training
methods, including metacognitive training methods (Jiang Rong, 2019), cogni-
tively challenging physical activity games (Kolovelonis et al., 2022; Kolovelonis &
Goudas, 2023)., and self-regulated instruction guided by metacognitive theories
(Cleary et al., 2006). Two experimental groups used different practice methods,
opting for pressure training and cognitive-behavioral and reflective practices, and
cognitively challenging physical activity games in their interventions_(Kent et al.,
2022). Another unique intervention utilized a combination of social feedback, sim-
ple practice, and process goals(Goudas et al., 2017a). Additionally, goal-setting and
self-talk practices were employed in one study’s intervention (Kolovelonis et al.,
2012), while two articles (Chen et al., 2022; Lakes & Hoyt, 2004) used leadership
teaching program and circling curriculum for metacognition training (CCMT)
as the chosen intervention methods. The control groups were mostly subjected
to traditional teacher-centered teaching models centered around skill transfer or
teaching and training methods that did not involve metacognitive interventions.

Various instruments were used to measure MCSs across the twelve includ-
ed articles. Four studies utilized the Metacognitive Process in Physical Edu-
cation Questionnaire (MPIPEQ) to assess differences in respondents’ MCS
before and after interventions. One study employed the College Students’
Metacognitive Ability Scale (CSMAS), and one study employed Metacogni-
tive Knowledge Interview Questionnaire (MKIQ). Two studies employed The
Design Fluency Test (DFT), The Stroop Test (ST); and the Flanker Test (FT)
to test the execution functions. The remaining articles utilized measures of
metacognitive knowledge (MK), metacognitive behavior (MB), metacognitive
feelings (MF), and self-regulated learning (SRL) (see Table 3 for details).

Effects of Teaching Interventions on Metacognitive Skills

As different researchers have pointed out, scholars hold various perspec-
tives on the concept of metacognitive skills (Neriman Ataseven & Oguz, 2016;
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Thompson, 2012). Among the 15 articles included, the term “MCSs” encompasses
a range of aspects, including metacognitive knowledge, metacognitive awareness,
metacognitive behaviors, problem-solving skills, metacognitive strategies, deci-
sion-making abilities, skill execution, metacognitive consciousness, self-efficacy,
and self-regulated learning abilities. However, in general, they all encompass three
aspects: metacognitive knowledge, metacognitive regulation, and metacognitive
experiences, which align with Flavell’s proposed metacognitive theory and model
(Flavells, 1979). Therefore, in this study, we adopted the two concepts of meta-
cognitive knowledge and metacognitive experiences from Flavell’s metacognition
theory and collectively defined metacognitive regulation or self-regulation learning
(planning, monitoring, problem-solving strategies, evaluation, imagery), executive
functions, and decision making as metacognitive behaviors.

Metacognitive Knowledge

Out of the 15 articles, 5 studies provided data for metacognitive knowl-
edge through employing a Circling Curriculum for Metacognition Training
(CCMT) program (Chen et al., 2022), TGfU tactical-game approach (Chatzi-
panteli et al., 2015b, 2016), student-activated teaching styles (Chatzipanteli
et al., 2015a); and self-check teaching style (Stephanou and Karamountzos,
2020) in Anji Play game, basketball, volleyball tactical-game, and soccer
curriculum among kindergarten, primary school, and 7-grade students. The
results revealed that in terms of cognitive knowledge (p < 0.01), online meta-
cognition (p < 0.01), and offline metacognition (p < 0.05), the experimental
group scored significantly higher than the control group (Chen et al., 2022).
Regarding metacognitive knowledge, the results indicate significant effects
of teaching methods (F = 4.87, p < .05, n? = .059), teaching experience
(F = 18.46, p < .01, n? = .19), and a significant interaction effect between
teaching experience and teaching methods (F = 4.00, p < .05, n? = .48),
while the interaction of teaching approach with teaching experience had no
significant effect on it (F = 2.50, p > 05) (Stephanou and Karamountzos,
2020). The TGfU model provides students with the opportunity to engage
in implicit learning while playing games. Factors such as reduced environ-
mental complexity, improved equipment, and decreased skill demands all
lead students to focus more on game tactics, indirectly enhancing procedural
knowledge and conditional knowledge (Chatzipanteli et al., 2015b, 2016).
The student-activated teaching styles had a significant influence on proce-
dural knowledge and information management, and moderate impacts on
the other knowledge (Chatzipanteli et al., 2015a).
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Metacognitive Behaviors

15 studies provided data support for metacognitive behavior. Among
them, 6 studies specifically supported self-regulated learning (SRL) (plan-
ning, monitoring, problem solving strategies, evaluation, imagery) (Zimmer-
man, 2000). Most of the research showed that, following interventions using
various teaching and training methods, Post-experiment scores were higher
than pre-experiment scores, and the experimental group demonstrated a sig-
nificant improvement in SRL skills compared to the control group. One re-
search findings regarding metacognitive regulation reveal significant effects
of teaching methods (F = 7.90, p < .01, n? = 0.92) and teaching experience
(F =4.82, p < .05, n? = .058), while interactive teaching experience did not
have a significant impact (F = 2.50, p > .05) (Stephanou and Karamountzos,
2020). TG1U tactical-game model helped students to increase the regula-
tion of cognition (Chatzipanteli et al., 2015b, 2016). However, some studies
found no significant effect on SRL between the experimental and control
groups (YASUO SUSAKI, 2021). One study indicated gender differences in
self-regulation, with males outperforming females (Lakes and Hoyt, 2004). 3
studies provided data support for executive functions and 1 study supported
decision-making. Two studies suggest that cognitively challenging physical
activity games (CCPAG) served as effective means to enhance students’ ex-
ecutive functions (Kolovelonis et al., 2022; Kolovelonis & Goudas, 2023).
Pressure training, cognitive-behavior work shop and reflective practice inter-
vention players scored significantly higher in their decision-making (p=.028)
and skill execution (p=.005) (Kent et al., 2022).

Metacognitive Experiences

4 studies provided data support for metacognitive experiences. Kolove-
lonis et al. suggested that cognitively challenging physical activity games
(CCPAG) motivated students to engage in enjoyable and fun physical activi-
ties ( Kolovelonis and Goudas, 2023). One study showed that there were no
significant effects on metacognitive feelings for both the experimental group
and the control group students after the experiment, specifically in terms of
feelings of effort, difficulty, and correctness (FEDC). However, there was
a negative correlation between students’ post-experiment basketball shoot-
ing performance and their perceived difficulty, while a positive correlation
was observed between their performance and the perception of correctness
(Goudas et al., 2017). Before and after the experiment, there were no differ-
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ences among the groups in terms of self-efficacy, satisfaction, and enjoyment
(Kolovelonis et al., 2012). After the experiment, the self-efficacy of the ex-
perimental group increased, but there was no significant difference between
the experimental group and the control group (Lakes and Hoyt, 2004).

Effects of Teaching Interventions on Physical Performance

In addition to examining various aspects of MCSs, the 15 articles in-
cluded in this review analyzed different physical and technical performanc-
es. These performances encompassed areas such as general physical fitness,
passes in football, dart-throwing, solving tactical problems in basketball
shooting skills, and yoga and Taekwondo techniques. Most studies indicate
that after the intervention, the experimental group’s physical performance
in various PE classes significantly improved compared to their performance
before the intervention and compared to the control group. However, there
were two studies showed the effects were not found to be significant (Gou-
das et al., 2017b; Yasuo Susaki, 2021).

Discussion
METHODOLOGICAL CHARACTERISTICS

Among the 15 articles included in this study, 3 employed a combination
of quantitative and qualitative methods, while 12 (80%) out of 15 employed
a quantitative research design. From a scientific perspective, adopting an ex-
perimental design to collect quantitative performance data before determin-
ing the effectiveness of an intervention is an objective approach to studying
metacognition. However, human behavior is complex, and relying solely on
objective data to ascertain the authenticity of human behavior can be chal-
lenging. Therefore, it can be argued that using interviews and other qualita-
tive methods in research to establish a chain of evidence is a more scientific
and comprehensive approach, incorporating both objective and subjective
aspects of human behavior (MacIntyre et al., 2014). Currently, there is a
growing trend among scholars to advocate for the utilization of a combina-
tion of qualitative and quantitative methods in metacognition research (Mac-
Intyre et al., 2014; van Rens et al., 2021; Kermarrec et al., 2022; Atman Uslu,
2022). In the field of metacognitive skills in physical education, some skills
can be effectively measured through quantitative experiments. For instance,
metacognitive knowledge, metacognitive awareness, and self-regulated learn-
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ing skills have well-established measurement scales. However, subjective as-
pects such as metacognitive experiences and metacognitive feelings cannot
be accurately captured through precise quantitative research methods. This
review included articles that also suggested that quantitative research designs
may not accurately capture metacognitive experiences in PE classes. There-
fore, in future research, it is crucial for researchers to select research designs
that are appropriate for their research questions and objectives, particularly
concerning different metacognitive skills.

Teaching Interventions and Instruments

In today’s society, a student’s ability to adapt to the reality of a highly com-
petitive job market, which is saturated with talent, and to withstand society’s
overly critical view of newcomers, depends on their belief in ‘lifelong learn-
ing’ and their capacity for continuous learning (Alvarez-Bueno et al., 2017;
Langdon et al., 2019; Liu et al., 2019). Consequently, new pedagogical curric-
ulum standards place special emphasis on reforming students’ learning styles,
shifting from the traditional passive and mechanical rote learning to an active
and creative learning style (Dignath & Veenman, 2021; Huff & Nietfeld, 2009;
Smith et al., 2020). From a pedagogical perspective, teaching strategies, styles,
and methods share certain similarities but also have different focuses.

Research has shown that different teaching styles and strategies can en-
hance various students’ abilities (Langdon et al., 2019; Popelka & Pavlovi¢,
n.d.). According to the Spectral Theory, teaching styles can be categorized
as replicative and productive. The ‘productive’ teaching style is called so be-
cause it is student-centered and yields productive outcomes. In this style,
students take the initiative in learning, playing an active role in the learning
process. Productive teaching supports students’ cognitive learning, helps
them develop positive attitudes toward learning, and influences their interest
in studying similar subjects in the future (Butler & Winne, 1995; Lyon et al.,
2013; Orakci & Durnali, 2022). Since metacognitive skills are advanced cog-
nitive skills, productive teaching is necessary to enhance them.

The academic field has always held two opposing views on the training
of MCSs. The first view suggests that direct training of MCSs is challeng-
ing and that MCSs cannot be taught directly to students or learned through
general teaching methods. This perspective holds that MCSs can only be
gradually acquired by students over their long-term learning process as nat-
ural skills accumulate through practice. The other commonly held view ar-
gues that metacognition requires specialized teaching and that explicit and
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direct training methods are more effective in teaching MCS (IDawati et al.,
2020; Lyon et al., 2013). Currently, numerous studies focus on promoting
and enhancing metacognition through specific interventions. In the field of
education, improving students’ metacognition through specific teaching and
training methods is a well-received and established approach. This systemat-
ic literature review demonstrated that the use of appropriate teaching mod-
els, methods, and training techniques can enhance students’ metacognitive
skills. Especially when addressing metacognitive knowledge and metacogni-
tive behavioral skills.

Metacognitive Teaching Interventions

With the transformation of modern teaching concepts, the adoption
of a teaching philosophy that prioritizes students as the primary focus and
teachers as their leaders has gained public acceptance. Consequently, numer-
ous new teaching models and methods have been invented and developed
in recent years. Prominent teaching models in the field of physical educa-
tion include the Personal and Social Responsibility model (Hellison, 1985),
the Teaching Games for Understanding model (Bunker; Thorpe, 1986), the
Sports Education Curriculum model (Siedentop, 1994), the Cultural Studies
model (Kinchin & O’Sullivan, 1999), and the Fitness and Wellness mod-
el (Cordin, Lindsey, 1996). Many new teaching methods have been derived
from these teaching models.

Out of the 15 reviewed studies, five employed different teaching mod-
els and methods as interventions to enhance students’ metacognitive skills.
These models and methods included the TGfU model, the cyclical mod-
el of self-regulated learning, the student-activated teaching styles, and the
‘self-check’ teaching style. We can observe that all of these teaching mod-
els utilized have a “productive” teaching style. Therefore, it can be inferred
that teaching models with a direct “productive” teaching style have a certain
impact on enhancing metacognitive skills. However, it cannot be ruled out
that other teaching methods may also yield similar results. Hence, in future
research, it is essential to develop and implement more productive teaching
models in physical education to improve students’ metacognitive skills.

METACOGNITIVE TRAINING METHOD INTERVENTIONS

Various studies have shown that specific training methods used as inter-
ventions to promote MCSs are effective. In the field of education, most of these
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training methods have been developed based on the theory of metacognition.
Currently, academia has adopted several metacognitive training methods, in-
cluding the targeted learning training method, the self-questioning method,
the knowledge transfer method, the ‘others questioning’ method, the think-
aloud method (Shi Baoguo, 2002; Augustyn and Rosenbaum, 2005.), and the
cognitively challenging physical activity games. In the literature reviewed for
this study, six articles were found to use training methods that differ from
those commonly employed in MCSs research. These methods include pressure
training, cognitive-behavioral training, reflective practice (Kent et al., 2022a;
Kolovelonis et al., 2022; Kolovelonis & Goudas, 2023), social feedback and
process goals (Kolovelonis et al., 2012; Goudas et al., 2017), as well as other
single or comprehensive training methods that incorporate metacognitive fea-
tures (Cleary et al., 2006a; Jiang Rong, 2019a; Yasuo Susaki, 2021). Especially
in the case of certain cognition-related games, and training courses, the effec-
tiveness of methods is more pronounced.

In summary, research on the theory and practice of MCSs has provided
a wealth of resources for introducing “metacognitive training” into the field
of physical education. However, this research primarily focuses on meta-
cognitive teaching or training aimed at helping students master technical
movements and enhance their motor skills. While studies have examined
movement and other external aspects, limited attention has been given to the
cultivation of students’ internal cognition and learning abilities. Additionally,
future researchers should address the question of whether alternative effec-
tive training methods can be utilized to promote students’ other MCSs. The
exploration of metacognitive skills training methods to improve students’
MCSs represents a new direction in the field of metacognition, and further
development and exploration of this area are warranted in the future.

Instruments

Currently, the measurement tools used for assessing metacognition pri-
marily rely on international scales. The commonly employed tools include
the Metacognitive Awareness Inventory (MAI) (Schraw, & Dennison, 1994),
the Metacognitive Skills Inventory (MSI) (Pintrich et al., 1991), which is part
of the Motivated Strategies for Learning Questionnaire (MSLQ), the Meta-
cognitive Awareness Inventory for Children (MAI-C)(Schraw et al., 2006),
Metacognition Assessment Interview (MAI) (Brown, 1987), the Cognitive
and Metacognitive Strategies Scale (CMLSS) (Liu et al., 2019), and the Col-
lege Students’ Metacognitive Ability Scale (CSMAS), developed by Chinese
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scholars Kang Zhonghe (Kang Zhonghe, 2005). In the field of sports, there
is another popular scale known as the Metacognitive Process in Physical
Education Questionnaire (MPIPEQ), developed by Theodosiou and Papa-
ioannou (Theodosiou & Papaioannou, 2006). It is based on Brown’s 1987
framework and specifically created for studying metacognition in physical
education. Out of the 12 articles included, four relied on the MPIPEQ), while
one utilized the MAI, and another chose the CSMAS. The remaining articles
employed other metacognitive assessment tools.

In general, measurement scales related to metacognition are relatively
well-established. However, there are limited scales specifically designed for as-
sessing different metacognitive skills. While some researchers have developed
and validated the Metacognitive Skills Inventory (MSI) (Pintrich et al., 1991;
Hameed and Cheruvalath, 2021), currently, there are only two metacognitive
skills scales available. Additionally, the MPIPEQ is specifically designed for
physical education teaching, but it does have certain limitations regarding its
applicability to different populations. Therefore, in the future, it is important
for scholars to focus on the development and application of metacognitive skill
scales tailored to different academic stages and populations.

Effects of Teaching or Training Methods on Metacognitive Skills

The academic community has reached a consensus regarding the ele-
ments that comprise the composition and structure of metacognition. How-
ever, when discussing the specific skills that constitute MCSs, scholars still
have varying theories. Some scholars believe that as long as there is a process
of reflective thinking activity, a person’s MCSs will continue to increase (Per-
ry et al., 2019). In the field of physical education, metacognition in PE refers
to students’ cognition of the PE learning process, or, in other words, the stu-
dents’ cognitive ability to understand the PE learning process (Dong Dasi,
2005). MCSs refers to the skills of self-awareness, self-reflection, self-evalua-
tion, and self-regulation employed in an individual’s cognitive process.

Currently, a large number of studies demonstrate that in the field of
physical education teaching, direct or indirect interventions related to meta-
cognition, such as physical education teaching models, teaching methods,
and teaching styles, have certain effects on students’ metacognitive skills.
These metacognitive skills include the degree of cognitive processing (Pin-
trich et al., 1993), critical thinking skills (Elhamifar et al., 2019; Worley &
Worley, 2019), problem-solving skills (Breed and Bailey, 2018; Tachie, 2019;
[Dawati et al., 2020; Kumar et al., 2022), learning strategies (Nasser Al Rawa-
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hi, 2015), decision-making and execution of skill (Kent et al., 2022), meta-
cognitive awareness (Glindogdu and Celebi, 2017; et al., 2022; Sudirtha, et
al., 2022), metacognitive monitoring (Huff & Nietfeld, 2009), meta-atten-
tion (Oliver et al., 2020), metacognitive feelings (Goudas et al., 2017a), and
self-regulating skills (Lakes and Hoyt, 2004; Kolovelonis et al., 2012; Goudas
et al,, 2017; Steh, B., and Saric, 2020).

The 15 literature sources included in this study also demonstrate the
effects of interventions on metacognitive skills. The MCSs utilized in the
15 selected articles include metacognitive knowledge, metacognitive behav-
ior, problem-solving skills, metacognitive strategies, decision-making skills,
skill execution, metacognitive feelings, metacognitive awareness, self-regu-
lated learning, and metacognitive monitoring. However, compared to other
fields, the MCSs involved in PE are relatively simplistic. Specifically, there
is currently a lack of research on a comparative study of metacognitive skills
amonyg different genders, age groups, and sports disciplines. Future research
in physical education should aim to address these gaps in knowledge.

Effects of Teaching or Training Methods on Physical Performance

Currently, most of the research on interventions related to metacognition
and sports performance in physical education focuses on mastering and im-
proving various sporting techniques, particularly those used in team sports.
For instance, out of the 15 articles reviewed in this study, 8 were related to
ball sports. There are relatively few studies on track and field, gymnastics,
martial arts, and other sports. Future research should address this bias and
consider investigating other types of sports about MCSs. Furthermore, most
current studies predominantly emphasize the impact of intervention on phys-
ical performance or techniques, while overlooking other social-psychological
outcomes and academic performance. This study examined the effects of
interventions on MCSs, which is a research topic that should continue to be
explored in future studies related to physical education and MCSs.

Conclusion

This systematic literature review, grounded in the metacognitive theory,
introduces the concept of metacognitive skills and summarizes the findings
from 15 articles investigating the impact of direct and indirect teaching inter-
ventions on MCSs in PE classes. It offers theoretical insights and empirical
evidence to guide future research. The majority of the reviewed articles con-
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clude that, firstly, specific teaching and training methods guided by metacog-
nitive theory have a significantly positive impact on students’ MCSs and phys-
ical performance, with varying effect sizes. Notable impacts were observed
on metacognitive knowledge and metacognitive behavior, while metacogni-
tive experiences showed less significant effects. Cognitive challenge games
related to metacognition and self-reflective teaching interventions have prov-
en to be effective intervention measures. The selected sports types primarily
focus on team ball sports, with limited research exploring interventions in in-
dividual sports. Most of the research samples were concentrated on primary
and secondary school students, with fewer studies targeting college students
and other populations. These results provide a valuable resource for physical
teachers, coaches, and trainers. However, there is substantial room for fur-
ther research in the following areas. Firstly, existing intervention outcomes
in the current research primarily emphasize the mastery and enhancement
of external sports techniques, with limited attention to students’ social-psy-
chological aspects and learning abilities. Secondly, there is a significant gap
in comparative studies of MCSs among different genders, age groups, and
varying sports proficiency (e.g., high-level athletes, players, elites). Thirdly,
there is a shortage of comparative research between different metacognitive
intervention measures across diverse study designs. Consequently, future re-
search should prioritize in-depth exploration in these aforementioned areas.

Limitations

This systematic review highlights several noteworthy limitations. Firstly,
this rigorously conducted systematic review is not a meta-analysis. Further-
more, it solely focuses on metacognitive skills in physical education class-
es, defining metacognitive skills without encompassing other academic and
technical performances, nor including other high-level athletes, players, and
sports elites. Therefore, future research should consider studying them col-
lectively to obtain a more comprehensive set of results. Lastly, the study’s
choice to select articles written in English and published may further con-
strain the representation of the results.
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Supplementary Material 1

TaBLE 1
Detailed search strategy
Database Search Keywords Results
PubMed (1) (“metacognition” OR “meta-cognition” OR “metacognitive 21
skill*” OR “meta-cognitive skills*” OR “metacognitive
intervention®” OR “metacognitive teaching” OR “metacognitive
training”), 4880
(2)  (“student performance” OR “technical skill*” OR “skill*” OR
“technique” OR “performance”), 2,831,926
(3)  (“physical education” OR “PE” OR “school sport*”) 137,558
(4) (1) AND (2) AND (3), 21
Web of (1) Ts=(“metacognition” OR “meta-cognition” OR “metacognitive 50
Science skill*” OR “meta-cognitive skills*” OR “metacognitive
intervention*” OR “metacognitive teaching” OR “metacognitive
training”), 11,883
(2)  Ts= (“student performance” OR “technical skill*” OR “skill*”
OR “technique” OR “performance”), 8,781,010
(3)  Ts=(“physical education” OR “PE” OR “school sport*”),
391,394
(4) (1) AND (2) AND (3), 50
SPORTDiscus (1)  “metacognition” OR “meta-cognition” OR “metacognitive 160
skill*” OR “meta-cognitive skills*” OR “metacognitive
intervention®” OR “metacognitive teaching” OR “metacognitive
training”, 712
(2)  “student performance” OR “technical skill*” OR “skill*” OR
“technique” OR “performance”,106,626
(3)  “physical education” OR “PE” OR “school sport*”, 28,133
(4) (1) AND (2) AND (3), 160
Scopus TITLE-ABS-KEY  (“metacognition” OR  “meta-cognition” OR 31
“metacognitive skill*” OR “meta-cognitive skills*” OR “metacognitive
intervention®” OR  “metacognitive teaching” OR “metacognitive
training”) AND (“student performance” OR “technical skill*”
OR “skill*” OR “technique” OR “performance”) AND (“physical
education” OR “PE” OR “school sport*”) 31
CNKTI: TITLE-ABS-KEY  (“metacognition” OR  “meta-cognition” OR 4

“metacognitive skill*” OR “meta-cognitive skills*” OR “metacognitive
intervention*” OR  “metacognitive teaching” OR “metacognitive
training”) AND (“student performance” OR “technical skill*”
OR “skill*” OR “technique” OR “performance”) AND (“physical

education” OR “PE” OR “school sport*”), 4




Metacognitive skills in physical education 533

Supplementary Material 2

TABLE 2
Study risk of bias
Author(s)/Date 1 I 111 v \Y VI: VII
Kolovelonis and Goudas, 2023 L L S L L L L
Chen et al., 2022 L L H L L L L
Kolovelonis et al., 2022 S L H L L L
Kent et al., 2022 S L H L L L L
Yasuo Susaki, 2021 S L H L L L L
Stephanou and Karamountzos, 2020 L L H L L L L
Jiang Rong, 2019 L L L L S L L
Goudas et al., 2017 L L H L L L L
Chatzipanteli et al., 2016 L L H L L S L
Chatzipanteli et al., 2015a L L H L L L L
Chatzipanteli et al.,2015b S L H L L L L
Papaioannou et al., 2012 L L H L L L L
Kolovelonis et al., 2012 L L H L L L L
Cleary et al., 2006 L L H L L S L
Lakes and Hoyt, 2004 L L H L L L L

Note: I Randomization Process; II: Allocation Concealment; I1I: Blinding of Participants and Personnel;
IV: Blinding of Outcome Assessment; V: Incomplete Outcome Data; VI; Selective Reporting; VII: Overall
Risk of Bias; L: Low risk; H: High risk; M: Medium risk; S: Some concerns.
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