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Abstract
Background  Motor competence is an integral component of the health and performance of youth. Numerous studies support the 
hypothesis that motor competence interacts with perceived motor competence and physical fitness during childhood to induce 
positive (e.g. healthy weight status) or negative (e.g. reduced physical activity engagement) trajectories. Yet, while adolescence 
is a key period of rapid growth and maturation, no systematic reviews and meta-analyses have examined the association between 
motor competence and physical activity, physical fitness and psychosocial characteristics solely within adolescents.
Objectives  This study aimed to (1) analyse the scientific literature evaluating associations between motor competence 
and physical activity, physical fitness and/or psychosocial characteristics amongst adolescents; (2) evaluate the associa-
tions between motor competence and physical activity, physical fitness characteristics and/or psychosocial characteristics 
amongst adolescents; and (3) investigate the impact of moderator variables (i.e., age, sex, type of motor competence 
assessment) on the associations.
Methods  A systematic search of electronic databases was conducted, followed by a qualitative synthesis of study 
methods. Random-effects meta-analyses were performed to establish the magnitude and orientation of pooled correla-
tion coefficients between motor competence and physical activity, physical fitness and psychosocial characteristics of 
adolescents, whilst considering potential moderators (i.e., age, sex, type of motor competence assessment).
Results  Sixty-one studies were included, totalling 22,256 adolescents. Twenty-seven different assessments of motor 
competence were used, with 31 studies utilising product-orientated (i.e. outcome) motor competence assessments. Meta-
analyses of 43 studies showed that motor competence was positively associated with physical activity (r = 0.20 to 0.26), 
some physical fitness characteristics (e.g. muscular strength, cardiovascular endurance; r = 0.03 to 0.60) and psychosocial 
characteristics (r = 0.07 to 0.34), and inversely associated with weight status (r =  − 0.36 to − 0.10), speed (r =  − 0.31) and 
agility (r =  − 0.37 to 0.41). Associations with flexibility were unclear.
Conclusions  The results of this systematic review and meta-analysis support the hypothesised interactions of motor compe-
tence with physical activity (positive), physical fitness (positive except for weight status, speed and agility) and psychosocial 
characteristics (positive) in adolescence. However, methodological approaches vary considerably (e.g. variety of motor 
competence assessments utilised), with limitations of the current literature including an inadequate assessment of motor 
competence, a lack of longitudinal observations and a failure to account for biological maturation. Future research assessing 
associations between motor competence and physical activity, physical fitness and psychosocial characteristics of adolescents 
should include longitudinal observations of a combined motor competence assessment (i.e. process and product) and account 
for biological maturation. Improved evaluation using these recommendations could provide more accurate data, leading to 
more targeted interventions to improve adolescents’ physical and psychosocial outcomes.
Clinical Trial Registration  CRD42021233441 (PROSPERO ID).
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Key Points 

A systematic review of 61 studies indicated several 
methodological limitations (i.e. an inadequate assess-
ment of motor competence, a lack of longitudinal 
observations and a failure to account for biological 
maturation) within the current literature that evalu-
ates associations between motor competence, physical 
activity, physical fitness and psychosocial characteristics 
amongst adolescents.

Across several meta-analyses of 43 studies, motor com-
petence was positively associated with physical activity, 
muscular endurance, muscular power, muscular strength, 
cardiovascular fitness, perceived motor competence and 
motivation, and inversely associated with weight status, 
speed and agility in adolescents.

Teachers, sports coaches, strength and conditioning 
coaches, and other stakeholders involved in health and 
performance interventions during adolescence should 
seek to synergistically develop motor competence, physi-
cal fitness and psychosocial characteristics for positive 
physical activity and health outcomes.

1  Introduction

The synergistic development of physical, psychosocial and 
motor skill domains throughout childhood and adolescence, 
across various environments, is important for the health and 
performance of all youth [1]. Such holistic development of 
“athleticism” (i.e. the composition of health-related fitness 
and psychosocial traits [1]) is crucial given the worldwide 
decline in youth health and fitness and therefore athleticism 
over past decades [2–4], confounded by reduced sports par-
ticipation rates (e.g. [5, 6]), and fewer youth meeting the 
World Health Organisation’s ([7]) physical activity guide-
lines [8]. In turn, these trends may contribute to the increas-
ing obesity pandemic amongst youth (e.g. UK [9], USA 
[10]).

Authors have postulated that motor competence under-
pins daily tasks, and engagement in health-enhancing activi-
ties (e.g. running, resistance training, recreational games, 
sport) across the lifespan [11]. Motor competence refers to 
an individual’s ability to perform a variety of motor skills, 
where outcomes are influenced by movement quality, con-
trol and coordination [12–14]. Furthermore, motor compe-
tence consists of simple, combined and complex movement 
capacities, which are inter-related. Motor competencies are 

often categorised into locomotor (e.g. running), object con-
trol (e.g. striking) and stability (e.g. balance) skills [15–17]; 
however, other domains (e.g. foundational movement skills, 
athletic motor skill competencies) have also been proposed 
[13, 18]. Research highlights that motor competence is cru-
cial for physical and psychosocial development [19], as it 
enhances children’s and adolescents’ ability to meaning-
fully participate in games, sports and other physical activi-
ties [20]. Therefore, developing motor competence amongst 
youth should be a key focus of any physical activity, physical 
education or youth sport intervention, as it appears central to 
reversing the currently negative physical activity and obesity 
trends worldwide.

Previously, Stodden et al. [21] hypothesised that motor 
competence interacts with perceived motor competence (an 
individual’s identification and interpretation of their actual 
motor competence [14, 22]) and physical fitness during 
childhood to induce positive (e.g. increased physical activity 
engagement, healthy weight status) or negative (e.g. reduced 
physical activity engagement, unhealthy weight status) tra-
jectories (Fig. 1). Accordingly, those expressing poor actual 
and perceived motor competence during childhood may 
present with reduced actual/perceived motor competence, 
physical fitness and physical activity engagement across the 
lifespan [23, 24]. Numerous studies have evaluated Stod-
den and colleagues [21] model, identifying positive asso-
ciations between motor competence and physical activity 
engagement [25–27], musculoskeletal strength/endurance 
[12], cardiorespiratory fitness [12, 25] and inverse associa-
tions with weight status [12, 25]. Similarly, previous reviews 
(e.g. [14, 28, 29]) have shown that evidence levels differ for 
associations between different motor skills domains (e.g. 
locomotor, object control, stability/balance) and physical 
activity, physical fitness and/or psychosocial characteristics. 
However, most of the existing evidence involves children 
(e.g. [30–33]), or children and adolescents together (e.g. 
[34–36]).

Childhood and adolescence are stages of youth devel-
opment that require a divergent physical and psychosocial 
focus [37]. Adolescence represents a dynamic period of 
physical, psychosocial and highly individual development 
whereby the timing (i.e. the onset of change), magnitude 
(i.e. level of change) and tempo (i.e. rate) of biological matu-
ration are asynchronous with chronological age [38, 39]. 
During biological maturation, growth rate increases rapidly, 
with peak height velocity (PHV; [38, 39]) typically occur-
ring around 12 years for female individuals and 14 years 
for male individuals [40, 41]. This growth spurt can lead to 
temporary reductions in motor competence (i.e. adolescent 
awkwardness [42]). Furthermore, during adolescence, brain 
maturation is significant and ongoing. Psychosocial changes 
include an increased ability to process information [43], and 
improved executive function of the pre-frontal cortex [44], 
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which underpins many self-regulatory mechanisms (e.g. 
behavioural/emotional/attentional regulation [45]). Thus, 
along with physiological changes, adolescents are develop-
ing their ability to self-evaluate and problem solve their own 
physical development. Factors such as age and maturity have 
been posed to contribute to the globally high percentage of 
adolescents who do not reach the World Health Organisa-
tion’s recommended physical activity guidelines, if appropri-
ate interventions are not implemented [46]. Consequently, 
investigating motor competence within adolescent popula-
tions is an important consideration to enhance the health and 
athletic development of youths.

To the authors’ knowledge, no systematic review has 
examined the associations between motor competence and 
physical activity, physical fitness and psychosocial charac-
teristics within adolescents alone. Further, because of the 
potential ramifications of the dynamic nature of growth and 
maturation, adolescence is a key period of the lifespan to 
focus upon such characteristics. While other reviews have 
investigated child and adolescent populations simultane-
ously (e.g. [12, 14, 47]), reporting findings simultaneously in 
studies may result in misinterpretation owing to a failure to 

distinguish between children and adolescent findings, lead-
ing to an unclear picture of adolescent research (e.g. [12]). 
Therefore, solely focusing on relevant research in adoles-
cents is warranted to comprehensively review the types of 
research conducted, methods employed, measures used and 
the confounding effects these factors may have within this 
population. Additionally, it remains unclear which character-
istics to target across adolescence to optimise health and per-
formance outcomes [1]. Consequently, a systematic review 
and meta-analysis are required to highlight associations 
between motor competence and physical activity, physical 
fitness and psychosocial characteristics in adolescence. Such 
research will highlight potential focus points (e.g. popula-
tion, characteristics of interest, methods of assessment) for 
future implementation and assessment of interventions, 
which is critical for understanding and potentially revers-
ing the current negative physical activity and fitness trends 
among adolescents. Therefore, this study aimed to (1) ana-
lyse the scientific literature evaluating associations between 
motor competence and physical activity, physical fitness 
and/or psychosocial characteristics amongst adolescents; 
(2) evaluate the associations between motor competence 

Fig. 1   Development model as proposed by Stodden et  al. [21]. EC 
early childhood, LC late childhood, MC middle childhood. Copyright 
© [2023] National Association for Kinesiology in Higher Education 

(NAKHE), reprinted by permission of Taylor & Francis Ltd, http://​
www.​tandf​online.​com on behalf of © [2023] National Association for 
Kinesiology in Higher Education (NAKHE)

http://www.tandfonline.com
http://www.tandfonline.com
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and physical activity, physical fitness characteristics and/or 
psychosocial characteristics amongst adolescents; and (3) 
investigate the impact of moderator variables (i.e. age, sex, 
type of motor competence assessment) on the associations.

2 � Methods

2.1 � Study Design and Search Strategy

A systematic review and meta-analysis were conducted in 
accordance with the updated Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) statement 
[48]. Before commencing the review, the protocol was regis-
tered on the International Prospective Register of Systematic 
Reviews (PROSPERO) database (ref: CRD42021233441). 
A systematic search of eight databases (Academic Search 
Complete, CINAHL Complete, MEDLINE, SPORTDiscus 
and PsycINFO via EBSCOhost, PubMed, SCOPUS and 
SAGE Journals Online) was conducted to identify original 
research articles from the earliest record available up to and 
including 05/08/2022. Boolean search phrases were used to 
combine search terms relevant to adolescents (population), 
motor competence, physical activity and/or physical fitness, 
and/or psychosocial characteristics. Relevant keywords 
were identified for each search term through pilot searching 
(screening titles/abstracts, keywords, full texts and similar 
reviews previously published, e.g. [12, 14, 47].). Keywords 
were combined for each term using the “OR” operator, and 
the final search phrase was constructed using the “AND” 
and “NOT” operators as follows: (“Youth*” OR “Adoles-
cen*” OR “Teen*” OR “Student*” OR “High school” OR 
“Secondary school” OR “Pube*”) AND (“Motor compe-
tenc*” OR “Movement competenc*” OR “Physical com-
petenc*” OR “Motor development” OR “Motor skill*” OR 
“Motor abilit*” OR “Movement skill*” OR “Motor coordi-
nation” OR “Actual competenc*” OR “Object control” OR 
“Manipulative skill*” OR “Locomotor skill*” OR “Stability 
skill*” OR “Athletic competenc*” OR “Athletic skill*” OR 
“Motor proficiency” OR “Fundamental movement skill”) 
AND (“Physical activit*” OR “Activit*” OR “Sports” OR 
“Sports participation” OR “Body weight status” OR “Body 
composition” OR “Body fat” OR “BMI” OR “Physical fit-
ness” OR “Fitness” OR “Cardiorespiratory fitness” OR 
“Cardiovascular endurance” OR “Muscular strength” OR 
“Muscular power” OR “Flexibility” OR “Mobility” OR 
“Endurance” OR “Muscular endurance” OR “psychological” 
OR “psycho-social” OR “Motivation” OR “Perceived motor 
competenc*” OR “Physical self-perceptions” OR “Self-
confidence” OR “Self-efficacy” OR “Self-Competenc*” OR 
“physical self-concept”) AND (“correlate*” OR “determi-
nant*” OR “predictor*” OR “relationship*” OR “associa-
tion*”) NOT (“Adult*” OR “Child*” OR “Prepube*” OR 

“primary school” OR “Kid” OR “Kids” OR “Preschool” 
OR “Kindergart*” OR “preadolescen*” OR “Disease*” 
OR “Disab*” OR “Impair*” OR “Disorder*” OR “ill*”). 
Bibliographic screening and citation searching are power-
ful complementary tools to database searching alone [49, 
50]. Therefore, bibliographic screening and forward cita-
tion searching (via Google Scholar) of previous reviews and 
included studies were conducted to identify articles that may 
have been missed by the search criteria.

2.2 � Study Selection

Duplicate records were identified and removed before 
screening the remaining studies against the following pre-
defined exclusion criteria: (1) studies not published in 
English; (2) previous reviews, conference abstracts, book 
(chapters), dissertations; (3) studies where the sample con-
sists of only children (< 11 years old) or adults (> 18 years 
old) OR studies that included a combined sample of chil-
dren/adults with adolescents; (4) participants with a physi-
cal or cognitive impairment; (5) studies that did not assess 
motor competence using a process (i.e. technique; e.g. Test 
of Gross Motor Development), product (i.e. outcome; e.g. 
Movement Assessment Battery for Children) or combined 
method (i.e. process and product; e.g. supine to stand test); 
(6) studies that did not report the association between motor 
competence and at least one measure of physical activity 
(e.g. pedometer, self-report questionnaire), physical fitness 
(e.g. assessments of body weight status, cardiorespiratory 
fitness, musculoskeletal strength) or psychosocial character-
istics (e.g. perceived motor competence, motivation); and (7) 
full text not available. The screening process was conducted 
independently by two researchers (AB and FT) over two 
phases. Studies were initially excluded based on their title 
and abstract content, followed by a full-text review. There 
were no formal disagreements between reviewers regarding 
study selection; however, reviewers met virtually to discuss 
and clarify studies where there was more than one reason for 
exclusion. As there were no formal disagreements between 
reviewers, a third reviewer was not required.

2.3 � Data Extraction

The lead author (AB) extracted the data using a specifically 
designed and standardised Microsoft Excel spreadsheet. 
Publication details (e.g. author, year), study type (e.g. cross-
sectional, longitudinal, intervention), participant character-
istics (i.e. sample size, age, sex, anthropometrics), motor 
competence assessment details and scores (i.e. measure 
used, type of measure), physical activity measure details 
and scores (i.e. measure used, type of measure), physical fit-
ness measure details and scores (i.e. area of physical fitness 
assessed, measure used), psychosocial measure details and 
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scores (i.e. measure used, psychosocial domain assessed), 
and the strength and orientation of associations between 
motor competence and physical activity, physical fitness and 
psychosocial characteristics were extracted. If any relevant 
data were missing, the paper’s corresponding author was 
contacted to provide the required information. Similarly, if 
the authors had performed a regression analysis on study 
variables, the authors were contacted to provide a correlation 
coefficient between the variables in question. Unlike similar 
reviews (e.g. [14].), reported regression coefficients were not 
converted to correlation coefficients using the Peterson and 
Brown [51] equation, as potentially large biases are associ-
ated with estimating mean population correlations in meta-
analytic conditions [52]. Authors were contacted once in the 
first instance (followed by one further occasion if there was 
no response to the original query) for any missing details 
needed for the meta-analysis. Studies were excluded from 
the meta-analysis, but still utilised in the qualitative syn-
thesis of the review, if authors did not respond or could not 
provide the requested information.

2.4 � Risk of Bias Assessment

Consistent with previous research (e.g. [12, 14, 25, 47]), 
the criteria for assessing bias within included studies were 
adapted from the Strengthening the Reporting of Observa-
tion studies in Epidemiology (STROBE) [53] and Consoli-
dated Standards of Reporting Trials (CONSORT) [54] state-
ments. For this review, six criteria were determined to assess 
the risk of bias within included studies (Table 1). For each 
criterion, studies were scored with a tick (“✔”, low risk of 
bias), cross (“✖”, high risk of bias) or question mark (“?”, 
inadequate or unclear description). To create clear criteria 
and ensure high agreement between reviewers, the first (AB) 
and second reviewer (FT) individually screened the same 
five papers and subsequently discussed the scoring criteria 
via an online meeting. After refining the criteria, the first 
and second reviewer independently screened all the included 
studies and reconvened via an online meeting to compare 
final scores.

2.5 � Data Analysis and Meta‑analysis

This review’s qualitative synthesis and interpretation used 
descriptive data extracted from the articles. Where studies 
used a reverse scale measure (e.g. [55]), or where time (e.g. 
[56]) represented an outcome measure of motor compe-
tence, the effect size direction was reversed prior to analysis 
so that the association between variables represented the 
same orientation as other studies. This step accounted for 
studies where lower scores represented a greater outcome 
(e.g. faster time = greater motor competence). Within the 
meta-analysis, correlations of individual sexes were used 

where available. Additionally, associations of separate motor 
competence domains (i.e. overall, locomotor, object control, 
stability/balance, sports-specific competence) were analysed 
independently to avoid double counting. The fundamental 
movement skills concept was selected to define sub-group 
categories for this meta-analysis during a video call between 
co-authors (AB, IC, JCE, KT). This concept was clearly used 
by most studies to determine separate categories for cor-
relations, thus allowing the maximum possible studies to 
be evaluated in the meta-analyses. Furthermore, the funda-
mental movement skill domains are widely acknowledged 
in the practical setting for prescribing and assessing motor 
skills (e.g. [17]). Studies were included more than once in 
the same meta-analysis where authors had correlated more 
than one measure of motor competence to the same vari-
able (e.g. [57]), or had used the same measures on separate 
samples at different timepoints (e.g. [58]).

Random-effects meta-analyses were conducted using 
Comprehensive Meta-Analysis software (version 3.0; Bio-
stat, Englewood, NJ, USA) to determine the magnitude, ori-
entation and significance of the association between motor 
competence and physical activity, motor competence and 
physical fitness characteristics (e.g. strength, cardiovascular 
endurance), and motor competence and psychosocial char-
acteristics (e.g. perceived motor competence, motivation). 
Several meta-analyses were conducted based on the relevant 
primary studies to explore the effect of hypothesised mod-
erator variables (i.e. sex, age and type of motor competence 
measure [process, product or combined]) on the variation 
among study outcomes [59, 60].

The inputted data from each study included the sample 
size and the corresponding outcome measure (i.e. correla-
tion coefficient). Each correlation coefficient (r) was con-
verted to a Fisher’s z-score and standard error to obtain 
approximately normally distributed values. The Fisher’s 
z-score was then back transformed to a correlation coeffi-
cient and 95% confidence interval (CI) for interpreting the 
included studies’ summary statistic (i.e. pooled correlation 
coefficient). Pooled correlation coefficients were estimated 
for each comparison and moderator variable where pos-
sible. Pooled correlation coefficients were interpreted as: 
0.00–0.10 (trivial), 0.10–0.30 (small), 0.30–0.50 (moderate), 
0.50–0.70 (high), 0.70–0.90 (very high) and > 0.90 (nearly 
perfect) [61–63]. Statistical significance was interpreted for 
p < 0.05. Cochrane’s Q statistic and I2 statistic were used to 
determine heterogeneity, with I2 values of > 50%, and > 75% 
used to indicate moderate heterogeneity and high heteroge-
neity, respectively [64, 65]. The I2 statistic was supported 
by reporting the tau-squared statistic. A sensitivity analysis 
(one study removed function) was used for each comparison, 
which omitted study samples in turn to examine their influ-
ence on the magnitude, orientation or significance of pooled 
correlation coefficients.
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Table 1   Summary of risk of bias assessment criteria

ICC intraclass correlation coefficient, PA physical activity, ✓ indicates a low risk of bias, ✕ indicates a high risk of bias, ? indicates an inad-
equate or unclear description

Statement Responses

1. Does the study adequately describe participant sampling procedures 
and inclusion criteria?

✓ Random sampling of target population is used. Participant inclu-
sion criteria are clearly described AND/OR authors clearly outline 
demographic information of participants (at a minimum, age, sex data 
reported)

✕ Convenience sampling used. Participant inclusion criteria AND 
participant demographic information are not presented

? Participant inclusion criteria/sampling method/demographic informa-
tion is not clearly described

2. Does the study clearly outline the motor competence assessment(s) 
used (specific measures/procedures/valid)?

✓ Motor competence assessment is clearly outlined, source is refer-
enced, AND validity of the assessment for the target population is 
clearly stated within the text, OR previous validation study is refer-
enced. If single measure(s) used, full details and validation provided 
for each measure

✕ Motor competence assessment not outlined or referenced, OR valid-
ity of the assessment for the target population is not clearly stated 
within the text AND previous validation study is not referenced. 
Single measure(s) are not outlined, and validation data not provided

? Unclear if valid measure used because of inadequate description
3. Does the study provide acceptable reliability information for the 

motor competence assessment(s) used?
✓ One or more acceptable reliability statistic clearly highlighted (e.g. 

Cronbach alpha ≥ 0.70 or test–retest reliability an ICC ≥ 0.60, Brown 
et al. [211]) OR previous reliability of the instrument is clearly stated 
and referenced

✕ Reliability data not reported OR at least one reliability statistic was 
not acceptable (e.g. Cronbach alpha < 0.70 or test–retest reliability 
ICC < 0.60) OR a single item of a motor competence assessment was 
used to measure reliability AND previous reliability of the instrument 
is not clearly stated or referenced

? Inadequate description so unclear if reliable measure was used
4. Does the study clearly outline the PA/physical fitness/psychosocial 

assessment(s) used (specific measures/procedures/valid)?
✓ PA/physical fitness/psychosocial assessment(s) is clearly outlined, 

source(s) referenced, AND validity of the assessment(s) for the target 
population is clearly stated within the text, OR a previous validation 
study is referenced. If single measure(s) used, full details and valida-
tion provided for each measure

✕ PA/physical fitness/psychosocial assessment(s) not outlined or 
referenced, OR validity of the assessment for the target population is 
not clearly stated within the text AND previous validation study is not 
referenced. Single measure(s) are not outlined, and validation data 
not provided

? Unclear if valid measure used because of an inadequate description
5. Does the study provide acceptable reliability information for the PA/

physical fitness/psychosocial assessment(s) used?
✓ One or more acceptable reliability statistic clearly highlighted (e.g. 

Cronbach alpha ≥ 0.70 or test–retest reliability ICC ≥ 0.60, Brown 
et al. [211]) OR previous reliability of the instrument is clearly stated 
and referenced

✕ Reliability data not reported OR at least one reliability statistic was 
not acceptable (e.g. Cronbach alpha < 0.70 or test–retest reliability 
ICC < 0.60) OR a single-item of a PA, physical fitness or psychoso-
cial assessment was used to measure reliability AND previous reli-
ability of the instrument is not clearly stated or referenced

? Inadequate description so unclear if reliable measure was used
6. Of those who consented to the study, did an adequate proportion 

have complete data for the motor competence and the PA/physical 
fitness/psychosocial assessments?

✓ Clearly identifiable from the text or tables that no fewer than 80% 
(cross-sectional studies) or 70% (longitudinal studies) of participants 
completed all measures

✕ < 80% (cross-sectional studies) or < 70% (longitudinal studies) of 
participants completed all measures

? Inadequate description so unclear what percentage of total number of 
participants completed each assessment
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2.6 � Evaluation of Small Study Effects

Funnel plots were visually interpreted, along with Egger’s 
linear regression intercepts for each comparison, to evalu-
ate potential small study effects and publication bias. An 
Egger statistic p-value < 0.05 indicated the presence of a 
small study effect.

3 � Results

3.1 � Overview of Studies

Following the removal of duplicates, a total of 4739 records 
were identified via the databases searched. Forty-nine addi-
tional records were identified from bibliographical screening 
and forward citation searching. From the title, abstract and 
full-text screening, 61 records were identified for the sys-
tematic review [36, 55–58, 66–121]. Of the studies identified 
for the systematic review, 14 [69, 71, 75, 77, 80, 83, 84, 87, 
102–104, 115–117] were excluded from the meta-analysis 
because of missing data (e.g. unreported correlations, lack of 
sample size information for a reported correlation) required 
for conducting the meta-analyses (Fig. 2). A further four 
studies [78, 94, 109, 112] were also ineligible, as they had 

provided correlation coefficients for individual elements of 
a motor competence measure (e.g. overhead squat, frisbee 
competence), which did not correspond to the motor com-
petence domains utilised for the meta-analysis (e.g. locomo-
tor competence, sports-specific competence). Authors of the 
studies included in the review that were ineligible for the 
meta-analysis were contacted for the information required 
to be included in the meta-analysis. These authors either did 
not respond to our enquiries or could not be reached via their 
author contact details.

Extracted data from the included studies are presented in 
Table 2. Forty-five studies consisted of cross-sectional eval-
uations, ten studies [80, 103–105, 111–116] collected longi-
tudinal evaluations, three studies [102, 117, 119] conducted 
a randomised controlled trial intervention, and three studies 
[66, 68, 110] involved validity and reliability methods. The 
included studies represented a total sample of 22,256 ado-
lescents (mean = 371 ± 614 participants; range = 22–3638). 
Studies were conducted across 16 countries including Aus-
tralia (n = 10 [66, 67, 71, 73, 74, 78, 83, 89, 110, 119]), Bra-
zil (n = 7 [56, 79, 95, 96, 103, 106, 107]), Czech Republic 
(n = 1 [97]), England (n = 1 [82]), Finland (n = 9 [55, 58, 85, 
87, 99, 111–114]), Germany (n = 1 [115]), Iceland (n = 2 
[57, 108]), Ireland (n = 6 [70, 75, 76, 91, 102, 117]), New 
Zealand (n = 1 [72]), Norway (n = 1 [88]), Portugal (n = 1 

]

Records identified from Databases (n =
5,463)

EBSCO n = (1,474 [Academic search 
complete n = 488; CINAHL n = 46;
MEDLINE n = 135; APA PsychINFO n 
= 381; SPORTDiscus n = 424])
SAGE Journals (n = 284)
SCOPUS (n = 3,539)
PubMed (n = 166)

Records removed before screening:
Duplicate records removed (Total n = 
724; Electronically n = 604; manually 
n = 120)
Records marked as ineligible by 
automation tools (n = 0)
Records removed for other reasons (n 
= 0)

Records screened
(n = 4,739)

Records excluded
(total n = 4,614)

Reports sought for retrieval
(n = 125)

Reports not retrieved
(n = 9)

Reports assessed for eligibility
(n = 116)

Reports excluded (n = 82):
Not published in English (n = 1)
Sample consists of only children or 
adults OR sample consists of 
children/adults with adolescents (n = 
16)
Physically or cognitively impaired 
participants (n = 1)
Studies that do not assess motor 
competence via process, product, or 
combined assessments (n = 38)
Studies that do not report the 
association between motor 
competence and at least one 
measure pf physical activity, physical 
fitness, or psychosocial 
characteristics (n = 26)

Records identified from:
Websites (n = 0)
Organisations (n = 0)
Bibliographic screening and forward 
citation searching (n = 49)

Reports assessed for eligibility
(n = 49)

Reports excluded (n = 22):
Not published in English (n = 2)
Sample consists of only children or 
adults OR sample consists of 
children/adults with adolescents (n = 
13)
Studies that do not assess motor 
competence via process, product, or 
combined assessments (n = 5)
Studies that do not report the 
association between motor 
competence and at least one 
measure pf physical activity, physical 
fitness, or psychosocial 
characteristics (n = 2)

Total reports included via database 
searching (n = 34)
Total reports included via citation 
searching (n = 27)

Identification of studies via databases and registers Identification of studies via other methods

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

In
cl

ud
ed

Reports sought for retrieval
(n = 49)

Reports not retrieved
(n = 0)

Total reports included in meta-analysis 
(n = 43)

Reports excluded from meta-analysis (n = 
18):

Missing data required for inclusion in 
the meta-analysis (n = 14)
Reported data for individual
components of a motor competence 
measure (n = 4)

Fig. 2   Flow diagram of the study selection process
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[116]), Spain (n = 1 [98]), Switzerland (n = 1 [109]), the UK 
(n = 1 [118]), the USA (n = 4 [86, 93, 94, 121]) and Wales 
(n = 1 [100]). The remaining studies (n = 13 [36, 68, 69, 77, 
80, 81, 84, 90, 92, 101, 104, 105, 120]) provided insufficient 
detail to determine where the data were collected.

Forty-nine studies [36, 55, 57, 58, 66–68, 70–73, 75–77, 
79, 81, 83–85, 87–91, 93–96, 98–100, 102–114, 116, 117, 
119–121] recruited their participants from schools (e.g. 
high school, middle school students/athletes), nine studies 
[69, 78, 80, 82, 86, 92, 97, 101, 118] consisted of sports-
based samples (e.g. amateur male basketball, academy male 
youth soccer), and three studies [56, 74, 115] described their 
participants as “adolescents”. Forty-seven studies included 
both male and female participants, eight studies consisted 
of male individuals only [72, 78–80, 82, 97, 118, 119], 
while four studies consisted of female individuals only 
[89, 101, 106, 120]. Two studies [69, 92] failed to report 
the sex characteristics of their samples. Forty-four studies 
reported the mean age of their participants (overall mean 
age = 13.59 ± 1.4 years; range = 11.26–16.40 years), while 
seven studies [55, 68, 78, 87, 88, 106, 112] reported the 
age range, and ten studies [56, 58, 71, 73, 96, 99, 100, 105, 
117, 118] reported the mean age by various sub-groups (e.g. 
normal weight, overweight/obese groups).

Eight studies measured the maturity status of their par-
ticipants. Seven studies [56, 72, 80, 97, 100, 118, 120] used 
the Mirwald equation [122], whilst one study [82] used the 
Khamis and Roche method [123]. Authors used maturity sta-
tus to: (1) compare their participants’ maturity status based 
on motor competence and/or physical fitness scores [80, 82, 
120]; (2) identify associations between maturity status and 
motor competence, physical and/or psychosocial character-
istics (e.g. the correlation between maturity status and motor 
competence) [72, 97, 100]; (3) highlight that different sub-
groups were of the same age and maturity status [56]; or (4) 
identify the influence of motor competence and maturity sta-
tus on physical fitness outcomes [118]. When assessing cor-
relations between motor competence and physical activity, 
physical fitness and psychosocial characteristics, 34 studies 
[56, 57, 66, 68–73, 76, 78, 80–82, 85–87, 89, 91, 92, 96–98, 
101, 105–109, 111, 112, 118, 120] assessed motor compe-
tence against one characteristic, 24 studies [36, 55, 58, 67, 
74, 75, 77, 79, 83, 84, 90, 93–95, 99, 100, 102, 103, 110, 
113, 114, 116, 117, 119, 121] against two characteristics, 
and three studies [88, 104, 115] against all characteristics.

Of the 61 studies within this review, 25 studies [66, 67, 
70–73, 75, 76, 78, 82, 83, 89, 91, 93, 94, 100–102, 104, 
110, 117–121] used a process-orientated motor compe-
tence assessment, and 31 studies [36, 55, 57, 58, 68, 69, 
79–81, 84, 85, 87, 88, 90, 95–99, 103, 105–109, 111–116] 
used a product-orientated assessment. Only one study [74] 
used a combined process and product assessment of motor 

competence, while four studies [56, 77, 86, 92] used a com-
bined motor competence assessment but reported process 
and product scores separately. Across the included studies, 
the following 27 motor competence measures were used: 
the Körperkoordinationstest Für Kinder ([124], n = 11 [36, 
68, 79, 95, 96, 98, 103, 105–107, 116]); a combination of 
individual measures (e.g. Figure 8 dribble test, the leaping 
test; n = 10 [55, 58, 85, 87, 99, 111–115]); the resistance 
training skills battery ([66], n = 4 [66, 72, 83, 119]); the 
Victorian FMS manual [125] (n = 3 [71, 73, 89]); a com-
bination of measures from the test of gross motor develop-
ment (TGMD [126]), TGMD-2 [127] and the Victorian FMS 
manual [125] (n = 4 [70, 75, 102, 117]); an adapted version 
of the Körperkoordinationstest Für Kinder [124] (n = 2 [80, 
88]); the Bruininks-Oseretsky Test of Motor Proficiency-2 
Short Form (BOT-2 Short; [128]; n = 2 [84, 97]); a combi-
nation of the functional movement screen™ [129, 130] and 
the Y-balance tests [131] (n = 2 [86, 92]); the PE Metrics 
Battery [132] (n = 2 [93, 94]); the Functional Movement 
screen™ (n = 3 [82, 101, 118]); an adapted version of the 
Get Skilled Get Active Battery [133] (n = 1 [67]); a com-
bination of the TGMD, TGMD-2, Victorian FMS manual, 
and the Functional Movement Screen™ (n = 1 [76]); the 
McCarron Assessment of Neuromuscular Development 
[134] (n = 1 [74]); the TGMD (n = 1 [77]); an adapted ver-
sion of the Athletic Ability Assessment [135] (n = 1 [78]); 
the Movement Assessment Battery for Children-2 (MABC-
2; [136]; n = 2 [81, 108]); the supine to stand test [137] 
(n = 1 [56]), a combination of the MABC-2 and the test of 
motor competence [138] (n = 1 [57]); a combination of the 
TGMD, TGMD-2 and Get Skilled Get Active tests (n = 1 
[91]); the Athletic Introductory Movement screen ([139]) 
and tuck jump assessment [140] (n = 1 [100]); the MABC 
(n = 1 [90]); the TGMD-3 [141] (n = 1 [121]); a combina-
tion of the TGMD-3 and the Victorian FMS Manual [125] 
(n = 1 [104]); the Motorische Basiskompetenzen (MOBAK) 
[142–144] (n = 1 [109]); the Life-Long Physical Activity 
Skills Battery [145] (n = 1 [110]); the back squat assess-
ment [146] (n = 1 [120]); and an unreferenced measure of 
stability/balance (n = 1 [69]).

A total of 30 studies measured the association between 
motor competence and physical activity among adolescents 
[36, 55, 58, 67, 70, 71, 74, 77, 79, 84, 87, 88, 91, 94, 95, 
103–107, 110–117, 119, 121]. Measures of physical activ-
ity engagement included non-referenced self-reporting ques-
tionnaires (n = 4 [55, 71, 87, 88]), accelerometery (n = 9 [75, 
91, 94, 104, 110, 113, 116, 117, 119]), the Physical Activity 
Questionnaire for Older Children (PAQ-C; [147]; n = 7 [79, 
95, 103, 105–107, 111]), the Adolescent Physical Activity 
Recall Questionnaire [148] (n = 1 [67]), the Flemish Physical 
Activity Questionnaire [149] (n = 1 [36]), pedometers (n = 2 
[74, 121]), step activity monitors (n = 1 [84]), the Leisure 
Time Physical Activity Questionnaire [150] (n = 1 [58]), the 
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Health Behaviour in School-Aged Children Survey [151] 
(n = 1 [112]); the International Physical Activity Question-
naire (Short Form) [152] (n = 1 [114]); the MoMo Physical 
Activity Questionnaire [153] (n = 1 [115]); and an unrefer-
enced question about weekly engagement in sport, fitness or 
recreational activity (n = 1 [77]).

The association between motor competence and physical 
fitness was assessed across ten domains (Table 2). Motor 
competence was assessed against composite fitness scores 
(n = 9 [57, 66, 83, 90, 97, 104, 108, 114, 119]), weight sta-
tus (n = 21 [56, 58, 69, 74, 77, 79, 83, 84, 91, 93–96, 100, 
101, 103, 105–107, 110, 116]), muscular endurance (n = 10 
[56, 69, 74, 77, 84, 93, 94, 99, 110, 113]), muscular power 
(n = 12 [69, 72, 78, 82, 86, 88, 92, 100, 110, 115, 118, 120]), 
speed (n = 5 [69, 72, 78, 82, 120]), agility (n = 5 [72, 74, 
86, 92, 118]), muscular strength (n = 6 [56, 72, 74, 88, 115, 
120]), cardiovascular endurance (n = 16; [56, 72–74, 77, 
78, 80, 84, 88, 93, 94, 99, 110, 113, 115, 117]), flexibility 
(n = 6 [56, 74, 77, 88, 110, 115]) and functional mobility 
(i.e., timed up-and-down stairs test; n = 1 [84]).

A total of five psychosocial domains were assessed 
against motor competence among adolescents. The asso-
ciation between motor competence and motivation was 
evaluated by six studies [36, 55, 83, 85, 98, 100]. Studies 
measured motivation using the Behavioural Regulation in 
Exercise Questionnaire-2 (BREQ-2; [154]; n = 2 [83, 100]), 
the Sport Motivation Scale [155] (n = 2 [55, 85]), a Dutch 
version of the Behavioural Regulation in Physical Educa-
tion Questionnaire [156] (n = 1 [36]) and a Spanish version 
of the Perceived Locus of Causality Scale (PLOC; [157]; 
n = 1 [98]).

Seventeen studies measured the association between 
motor competence and perceived motor competence [36, 
55, 67, 68, 81, 83, 85, 88–90, 98–100, 104, 109, 115, 121]. 
Measures utilised to assess perceived motor competence 
included the Physical Self-Perception Profile (PSPP [158, 
159]; n = 1; [67]), the PSPP Sports Competence Subscale 
(n = 3 [55, 85, 99]), the PSPP and the Pictorial Scale of 
Perceived Movement Skill Competence (PSPMSC [160]; 
n = 1 [89]), the PSPMSC (n = 1 [98]), the PSPMSC and 
the PSPMSC in Stability Skills [68] (n = 1 [68]), the Sport/
Athletic Competence Subscale [161] of the Children and 
Youth Physical Self Perception Profile [162] (n = 1 [36]), 
the Self-Description Questionnaire-2 [163] (n = 1 [81]), the 
International Fitness Scale [164] (n = 1 [83]), the Norwe-
gian version [165] of the Perceived Athletic Competence 
Subscale of the Self-Perception Profile for Adolescents 
[166] (n = 1 [88]), the Norwegian version [167] of the 
Self-Perception Profile for Children [161] (n = 1 [90]), the 
Perceived Physical Ability Scale for Children [168] (n = 1 
[100]), the Self-Perception Profile for Adolescents [169] 
(n = 1 [104]), the Perceived Competence Scale for Children 
[170] (n = 1 [121]), the Selbstwahrnehmung der motorischen 

Kompetenz (SEMOK) [109] (n = 1 [109]), and the Physical 
Self-Description Questionnaire [171, 172] (n = 1 [115]). Pul-
len et al. [100] also analysed the association between motor 
competence and global self-esteem via the Rosenberg Self-
Esteem Scale [173]. Fu and Burns [121] also measured the 
association between motor competence and physical activity 
enjoyment via the Sport Enjoyment Scale [174].

Five studies [70, 75, 76, 83, 102] measured the asso-
ciation between motor competence and self-efficacy/confi-
dence. Smith et al. [83] used a self-efficacy scale related to 
resistance training [175], Fu and Burns [121] used a six-item 
self-efficacy scale [176] and the remaining studies [70, 75, 
76, 102] used the Physical Self-Confidence Scale [177].

3.2 � Risk of Bias Overview

The risk of bias overview of included studies is presented in 
Table 3. No studies met all six criteria, nine studies met five 
criteria [36, 57, 67, 73, 81, 97, 99, 102, 113], eight studies 
met four criteria [66, 68, 70, 76, 79, 90, 112, 117], 12 studies 
met three criteria [71, 74, 75, 82, 89, 92, 95, 100, 106, 108, 
120, 121], 13 studies met two criteria [58, 72, 80, 83–85, 93, 
94, 96, 98, 105, 114, 115] and 19 studies met one [55, 77, 
78, 86, 87, 91, 101, 103, 104, 110, 111, 118, 119] or none 
[56, 69, 88, 107, 109, 116] of the criteria. Criteria one and 
four were the least met criteria (n = 15/61 and 17/61 respec-
tively), followed by criterion five (n = 21/61), criterion six 
(n = 29/61) and criterion two (n = 30/61). Most studies met 
criterion three (40/61).

3.3 � Meta‑analysis

An overview of the associations between motor competence 
and physical activity, physical fitness and psychosocial char-
acteristics in adolescence is presented in Fig. 3. Individual 
meta-analyses are presented in Figs. 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15 and 16.

3.3.1 � Pooled Correlation Coefficients for Motor 
Competence and Physical Activity

For motor competence and physical activity, correlation 
coefficients were analysed from 13 studies [36, 55, 58, 67, 
74, 79, 88, 91, 110, 111, 113, 119, 121]. Figure 4 shows the 
pooled correlation coefficients (i.e. overall summary statis-
tics) were significant, positive and small (r = 0.20–0.26) for 
each type of motor competence evaluated against physical 
activity.

3.3.1.1  Pooled Correlation Coefficients for  Motor Compe‑
tence and  Physical Fitness Characteristics  Composite Fit-
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Table 3   Risk of bias assessment 
overview

Reference Item 1 Item 2 Item 3 Item 4 Item 5 Item 6

Barnett et al. [67] ✓ ✓ ✓ ✓ ✓ ✕
Britton et al. [104] ? ? ? ? ? ✓
Chagas and Batista [106] ? ✓ ✓ ? ? ✓
Chagas and Batista [107] ? ? ? ? ? ✕
Chagas and Batista [79] ✓ ✓ ✓ ? ? ✓
Chagas and Batista [95] ✓ ? ✓ ? ? ✓
Chagas and Marinho [103] ? ✓ ✕ ? ? ?
Chagas et al. [96] ? ✓ ? ? ? ✓
Chagas et al. [105] ? ✓ ✓ ? ? ?
Chang et al. [92] ? ? ✓ ? ✓ ✓
Chen and Housner [77] ? ? ? ? ? ✓
De Meester et al. [36] ✓ ✓ ✓ ✓ ✓ ?
Deprez et al. [80] ? ✓ ✓ ? ? ✕
Estevan et al. [98] ✕ ✓ ✕ ? ✓ ?
Estevan et al. [68] ✕ ✓ ✓ ✓ ✓ ✕
Fu and Burns [121] ✕ ✓ ✓ ? ? ✓
Gísladóttir et al. [108] ? ✓ ✓ ? ? ✓
Gísladóttir et al. [57] ✓ ✓ ✓ ? ✓ ✓
Gu et al. [93] ? ✓ ✓ ? ? ✕
Gu et al. [94] ? ✓ ✓ ? ? ?
Hands et al. [74] ✓ ✓ ✓ ? ? ✕
Haugen et al. [88] ? ? ? ? ? ?
Herrmann and Seelig [109] ? ? ? ? ? ?
Huhtiniemi et al. [99] ? ✓ ✓ ✓ ✓ ✓
Hulteen et al. [110] ? ? ? ? ? ✓
Huotari et al. [58] ✓ ? ✓ ? ? ?
Jaakkola et al. [87] ✕ ? ✕ ? ? ✓
Jaakkola and Washington [112] ? ? ✓ ✓ ✓ ✓
Jaakkola et al. [114] ✕ ✓ ✓ ? ? ✕
Jaakkola et al. [111] ? ? ✓ ? ? ✕
Jaakkola et al. [113] ? ✓ ✓ ✓ ✓ ✓
Jekauc et al. [115] ? ? ✓ ? ✕ ✓
Kalaja et al. [55] ? ? ✕ ✓ ✕ ?
Kalaja et al. [85] ✕ ? ✕ ✓ ✓ ?
Kokstejn et al. [97] ✓ ✓ ✓ ✓ ? ✓
Kovac et al. [101] ? ✕ ✕ ✕ ✕ ✓
Kramer et al. [86] ? ? ? ? ? ✓
Lloyd et al. [118] ? ? ? ? ? ✓
Lopes et al. [116] ? ? ? ? ? ✕
Lubans et al. [66] ✓ ✓ ✓ ✓ ? ?
McGrane et al. [70] ? ✓ ✓ ✓ ✓ ✕
McGrane et al. [75] ? ✓ ✓ ? ? ✓
McGrane et al. [117] ✓ ✓ ✓ ? ? ✓
Nikolaos [69] ? ? ✕ ? ✕ ?
Nunez-Gaunaurd et al. [84] ✕ ? ✕ ✓ ✓ ?
O’Brien et al. [91] ? ? ✓ ? ? ✕
Okely et al. [73] ✓ ✓ ✓ ✓ ✓ ?
Okely et al. [71] ✓ ✓ ✓ ? ? ?
Philpott et al. [76] ? ✓ ✓ ✓ ✓ ?
Philpott et al. [102] ✓ ✓ ? ✓ ✓ ✓
Pichardo et al. [72] ? ? ✓ ? ✓ ✕
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ness Scores Seven studies analysed correlation coefficients 
for the association between motor competence and compos-
ite fitness [57, 66, 90, 97, 108, 114, 119]. Figure 5 shows 
that studies only reported correlation coefficients for overall 
competence, with the pooled correlation coefficient being 
significant, positive and moderate (r = 0.39).

Weight Status The association between motor competence 
and weight status was analysed from 17 studies [56, 58, 74, 
79, 88, 91, 93, 95, 96, 100, 101, 105–107, 110, 114, 119]. 
Pooled correlation coefficients ranged from trivial to moder-
ate (r =  − 0.35 to − 0.10) and were all significant. The pooled 
correlation coefficients for locomotor and sports-specific 
competence consisted of fewer than three study samples 
(Fig. 6).

Muscular Endurance Six studies [56, 74, 93, 99, 110, 
113] examined the association between motor competence 
and muscular endurance (Fig. 7). The pooled correlation 
coefficient was significant, positive and moderate for over-
all competence (r = 0.34), locomotor competence (r = 0.44), 
object control competence (r = 0.31) and sports-specific 
competence (r = 0.36) to muscular endurance. Stability/bal-
ance competence had a significant, positive and high asso-
ciation with muscular endurance (r = 0.52). However, the 
pooled correlation coefficients for stability/balance compe-
tence and sports-specific competence to muscular endurance 
consisted of fewer than three study samples.

Muscular Power The meta-analysis of the association 
between motor competence and muscular power evaluated 
the correlation coefficients from seven studies [72, 82, 86, 
92, 100, 110, 118]. Figure 8 shows significant positive cor-
relation coefficients for overall competence (r = 0.29, small) 
and stability/balance competence (r = 0.03, trivial) to mus-
cular power.

Speed Two studies [72, 82] were analysed for the associa-
tion between motor competence and speed. A pooled corre-
lation coefficient was produced for overall competence only, 
which was significant, negative and moderate (r =  − 0.31; 
Fig. 9).

Agility The association between motor competence and 
agility was evaluated from three studies [86, 92, 118]. Fig-
ure 10 shows that pooled correlation coefficients for over-
all competence (r =  − 0.37, p = 0.01) and stability/balance 
(r =  − 0.21, p > 0.05) competence were negative, moderate 
and small, respectively.

Muscular Strength A total of five studies [56, 72, 74, 
88, 120] were evaluated for the association between motor 
competence and muscular strength. Pooled correlation coef-
ficients were produced for overall competence (r = 0.36) and 
stability/balance competence (r = 0.41), which were signifi-
cant, positive and moderate (Fig. 11).

Cardiovascular Endurance The meta-analysis to evalu-
ate the association between motor competence and cardio-
vascular endurance consisted of eight studies [56, 72–74, 

✓ indicates a low risk of bias, ✕ indicates a high risk of bias, ? indicates an inadequate or unclear descrip-
tion
Item 1 = Does the study adequately describe participant sampling procedures and inclusion criteria?
Item 2 = Does the study clearly outline the motor competence assessment(s) used (specific measures/proce-
dures/valid)?
Item 3 = Does the study provide acceptable reliability information for the motor competence assessment(s) 
used?
Item 4 = Does the study clearly outline the physical activity/physical fitness/psychosocial assessment(s) 
used (specific measures/procedures/valid)?
Item 5 = Does the study provide acceptable reliability information for the physical activity/physical fitness/
psychosocial assessment(s) used?
Item 6 = Of those who consented to the study, did an adequate proportion have complete data for the motor 
competence and the physical activity/physical fitness/psychosocial assessments?

Table 3   (continued) Reference Item 1 Item 2 Item 3 Item 4 Item 5 Item 6

Pullen et al. [100] ? ✕ ✓ ✕ ✓ ✓
Rigoli et al. [81] ✓ ✓ ✓ ✓ ✓ ?
Rogers et al. [89] ✓ ? ✓ ? ✕ ✓
Ryan et al. [82] ? ? ✓ ? ✓ ✓
Smith et al. [119] ? ? ✓ ? ? ✕
Smith et al. [83] ? ✓ ✓ ? ? ?
Sommerfield et al. [120] ? ? ✓ ? ✓ ✓
Tadiotto et al. [56] ? ? ? ? ? ?
Vedul-Kjelsas et al. [90] ? ? ✓ ✓ ✓ ✓
Woods et al. [78] ? ? ✕ ? ? ✓
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88, 93, 110, 113]. Figure 12 shows the pooled correlation 
coefficients for each element of motor competence meas-
ured. The associations for all components with cardiovas-
cular endurance were significant, positive and moderate 
(r = 0.37 to 0.48), except for locomotor (r = 0.60) and object 
control (r = 0.50) competence, which were significant, posi-
tive and high. However, the correlation coefficients for loco-
motor competence, object control competence and sports-
specific competence consisted of fewer than three studies.

Flexibility A total of four studies [74, 88, 93, 110] were 
evaluated to identify the pooled correlation coefficients for 
motor competence and flexibility. Sports-specific compe-
tence had a non-significant negative trivial association with 
flexibility (r =  − 0.07), while significant positive small asso-
ciations were identified for overall competence (r = 0.23) 
and stability/balance competence (r = 0.17) with flexibility. 
However, the meta-analyses for sports-specific competence 
and stability/balance competence consisted of fewer than 
three studies (Fig. 13).

3.3.1.2  Pooled Correlation Coefficients for  Motor Compe‑
tence and  Psychosocial Characteristics  Perceived Motor 
Competence For the association between motor competence 
and perceived motor competence, a total of 13 studies [36, 
55, 67, 68, 81, 85, 88–90, 98–100, 121] were evaluated 
(Fig. 14). The associations between locomotor competence 
and stability/balance competence to perceived motor com-
petence were significant, positive and small (r = 0.25 and 
0.26, respectively). Further, significant positive moderate 
associations were identified for object control competence 
(r = 0.34) and overall competence (r = 0.34).

Self-Efficacy/Confidence Three studies [70, 76, 121] 
evaluated the association between motor competence and 
self-efficacy/confidence (Fig. 15). The association between 
overall competence and self-efficacy/confidence was small 
(r = 0.22); no further elements of motor competence were 
represented.

Motivation A total of five studies [36, 55, 85, 98, 100] 
were analysed to identify the association between motor 

Motor 
competence

Physical ac�vity
• Locomotor competence: r = 0.21
• Object control competence: r = 0.26
• Overall competence: r = 0.21
• Stability/balance competence: r = 0.20

Physical fitness
• Composite fitness: r = 0.39
• Weight status: r= -0.36 to -0.10
• Muscular endurance: r = 0.31 to 0.52
• Muscular power: r = 0.03 to 0.29
• Speed: r = -0.31
• Agility: r = -0.37 to -0.21
• Muscular strength: r = 0.36 to 0.41
• Cardiovascular endurance: r = 0.37 to 0.60
• Flexibility: r = -0.07 to 0.23

Psychosocial
• Perceived motor competence:r = 0.25 to 0.34
• Self-efficacy/confidence: r = 0.22
• Mo�va�on:r = 0.07 to 0.20

Fig. 3   Overview of the range of pooled correlation coefficients between motor competence and physical activity, physical fitness and psychoso-
cial characteristics in adolescents
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competence and motivation. The pooled correlations for 
all elements of motor competence were significant, except 
for object control competence, where the association was 
positive but trivial (r = 0.07). Associations for locomotor, 
overall and stability/balance competence were positive and 

small (r = 0.15 to 0.20). All elements of motor competence 
(except overall competence) were represented by fewer 
than three study samples (Fig. 16).

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper 
95% CI

p value Relative 
weight (%)

Barnett et al., [67] (loc) 215 0.14 0.01 0.27 0.04a 35.10
Jaakkola et al., [111] (f, loc) 163 0.24 0.09 0.38 < 0.01b 13.23
Jaakkola et al., [111] (m, loc) 173 0.22 0.07 0.35 < 0.01b 13.54
Jaakkola et al., [113] (f, loc) 275 0.28 0.17 0.39 < 0.01b 15.73
Jaakkola et al., [113] (m, loc) 216 0.39 0.27 0.50 < 0.01b 14.64
Kalaja et al., [55] (loc) 316 0.08 -0.03 0.19 0.16 51.82
O'Brien et al., [91] (f, loc) 31 0.25 -0.12 0.55 0.18 4.64
O'Brien et al., [91] (m, loc) 54 0.01 -0.26 0.28 0.95 8.44
Random effects (locomotor competence) 1443 0.21 0.12 0.30 < 0.01b

Barnett et al., [67] (obj) 215 0.35 0.23 0.46 < 0.01b 12.80
Huotari et al., [58] (03, f, obj) 1181 0.22 0.17 0.27 < 0.01b 15.30
Huotari et al., [58] (03, m, obj) 1167 0.40 0.35 0.45 < 0.01b 15.30
Huotari et al., [58] (10, f, obj) 634 0.19 0.11 0.26 < 0.01b 14.75
Huotari et al., [58] (10, m, obj) 656 0.42 0.35 0.48 < 0.01b 14.79
Jaakkola et al., [111] (f, obj) 163 0.18 0.03 0.33 0.02a 7.86
Jaakkola et al., [111] (m, ojb) 173 0.25 0.10 0.38 < 0.01b 8.00
Jaakkola et al., [113] (f, obj) 275 0.24 0.13 0.35 < 0.01b 8.92
Jaakkola et al., [113] (m, obj) 216 0.41 0.29 0.52 < 0.01b 8.47
Kalaja et al., [55] (obj) 316 0.10 -0.01 0.21 0.08 13.68
O'Brien et al., [91] (f, obj) 31 0.17 -0.20 0.50 0.36 5.53
O'Brien et al., [91] (m, obj) 54 -0.15 -0.40 0.13 0.29 7.85
Random effects (object control competence) 5081 0.26 0.18 0.33 < 0.01b

Chagas and Batista [79] 69 0.24 0.00 0.45 0.05 8.01
De Meester et al., [36] 204 0.09 -0.04 0.23 0.18 10.39
Fu and Burns [121] 66 0.33 0.10 0.53 0.01a 6.02
Hands et al., [74] (f) 362 -0.01 -0.11 0.09 0.85 11.10
Hands et al., [74] (m) 330 -0.01 -0.12 0.10 0.86 11.01
Hulteen et al., [110] 109 0.21 0.02 0.38 0.03a 7.10
Huotari et al., [58] (03, f) 1181 0.29 0.24 0.34 < 0.01b 11.82
Huotari et al., [58] (03, m) 1167 0.42 0.37 0.47 < 0.01b 11.81
Huotari et al., [58] (10, f) 634 0.30 0.23 0.37 < 0.01b 11.54
Huotari et al., [58] (10, m) 656 0.42 0.35 0.48 < 0.01b 11.56
O'Brien et al., [91] (f) 31 0.24 -0.12 0.55 0.19 5.48
O'Brien et al., [91] (m) 54 -0.06 -0.32 0.21 0.66 7.28
Smith et al., [119] 361 0.16 0.06 0.26 < 0.01b 8.72
Random effects (overall competence) 5224 0.21 0.12 0.30 < 0.01b

Haugen et al., [88] (f) 889 0.26 0.20 0.32 < 0.01b 13.23
Haugen et al., [88] (m) 950 0.09 0.03 0.15 0.01a 13.31
Huotari et al., [58] (03, f, stab) 1181 0.20 0.14 0.25 < 0.01b 13.51
Huotari et al., [58] (03, m, stab) 1167 0.30 0.25 0.35 < 0.01b 13.50
Huotari et al., [58] (10, f, stab) 634 0.26 0.19 0.33 < 0.01b 12.80
Huotari et al., [58] (10, m, stab) 656 0.34 0.27 0.41 < 0.01b 12.85
Jaakkola et al., [113] (f, stab) 275 0.26 0.15 0.37 < 0.01b 9.11
Jaakkola et al., [113] (m, stab) 216 0.33 0.21 0.44 < 0.01b 8.54
Kalaja et al., [55] (stab) 316 -0.04 -0.15 0.07 0.48 11.48
O'Brien et al., [91] (f, stab) 31 -0.19 -0.51 0.18 0.31 3.72
O'Brien et al., [91] (m, stab) 54 -0.01 -0.28 0.26 0.94 5.59
Random effects (stability/balance competence) 6369 0.20 0.13 0.27 < 0.01b

Heterogeneity (locomotor competence): I2 = 62.94; Q = 18.89; t2 = 0.01 and df = 7
Heterogeneity (object control competence): I2 = 385.81; Q = 77.54; t2 = 0.02 and df = 11
Heterogeneity (overall competence): I2 = 90.64; Q = 128.19; t2 = 0.03 and df = 12
Heterogeneity (stability/balance competence): I2 = 86.22; Q = 72.59; t2 = 0.01 and df = 10

-1.00 -0.50 0.00 0.50 1.00
Correlation coefficients (r ± 95% CI)

←Negative association Positive association→

Fig. 4   Forest plots showing the pooled correlation coefficients 
between motor competence and physical activity (r ± 95% confidence 
interval [CI]). Bold font indicates the summary statistics for each 
type of motor competence represented. 03 2003 participants, 10 2010 

participants, f female, loc locomotor competence, m male, obj object 
control competence, r correlation coefficient, stab stability/balance 
competence, ap < 0.05, bp < 0.01

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Gísladóttir et al., [108] (f) 48 0.28 0.00 0.53 0.05 7.07
Gísladóttir et al., [108] (m) 46 0.35 0.07 0.58 0.02a 6.86
Gísladóttir et al., [57] (f, MABC) 46 0.35 0.07 0.58 0.02a 12.90
Gísladóttir et al., [57] (f, TMC) 46 0.34 0.06 0.58 0.02a 12.90
Gísladóttir et al., [57] (m, MABC) 48 0.33 0.05 0.56 0.02a 13.37
Gísladóttir et al., [57] (m, TMC) 48 0.40 0.12 0.61 0.01a 13.37
Jaakkola et al., [114] 333 0.23 0.13 0.33 < 0.01b 16.28
Kokstejn et al., [97] 40 0.50 0.22 0.70 < 0.01b 11.42
Lubans et al., [66] 63 0.40 0.17 0.59 < 0.01b 16.67
Smith et al., [119] 361 0.43 0.34 0.51 < 0.01b 16.55
Vedul-Kjelsas et al., [90] (f) 28 0.57 0.25 0.78 < 0.01b 8.19
Vedul-Kjelsas et al., [90] (m) 39 0.70 0.49 0.83 < 0.01b 11.17
Random effects (overall competence) 1146 0.39 0.31 0.47 < 0.01b

Heterogeneity (overall competence): I2 = 48.35; Q = 21.30; t2 = 0.01 and df = 11 -1.00 -0.50 0.00 0.50 1.00
Correlation coefficients (r ± 95% CI)

←Negative association Positive association→

Fig. 5   Forest plots showing the pooled correlation coefficients 
between motor competence and composite fitness scores (r ± 95% 
confidence interval [CI]). Bold font indicates the summary statistics 

for each type of motor competence represented. f female, m male, 
MABC movement assessment battery for children, r correlation coef-
ficient, TMC test of motor competence, ap < 0.05, bp < 0.01
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Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper 
95% CI

p value Relative 
weight (%)

O'Brien et al., [91] (f, loc) 31 -0.34 -0.62 0.02 0.06 35.44
O'Brien et al., [91] (m, loc) 54 -0.38 -0.58 -0.12 < 0.01b 64.56
Random effects (locomotor competence) 85 -0.36 -0.54 -0.16 < 0.01b

Huotari et al., [58] (03, f, obj) 1181 -0.07 -0.13 -0.01 0.02a 31.79
Huotari et al., [58] (03, m, obj) 1167 -0.09 -0.15 -0.03 < 0.01b 31.42
Huotari et al., [58] (10, f, obj) 634 -0.13 -0.21 -0.05 < 0.01b 17.03
Huotari et al., [58] (10, m, obj) 656 -0.12 -0.19 -0.04 < 0.01b 17.62
O'Brien et al., [91] (f, obj) 31 0.06 -0.30 0.40 0.76 0.76
O'Brien et al., [91] (m, obj) 54 -0.17 -0.42 0.10 0.22 1.38
Random effects (object control competence) 3723 -0.10 -0.13 -0.06 < 0.01b

Chagas and Batista [106] 68 -0.64 -0.76 -0.47 < 0.01b 3.66
Chagas and Batista [107] 56 -0.58 -0.73 -0.37 < 0.01b 3.42
Chagas and Batista [79] 69 -0.37 -0.55 -0.14 < 0.01b 4.71
Chagas and Batista [95] 39 -0.64 -0.79 -0.41 < 0.01b 3.60
Chagas et al., [96] 136 -0.57 -0.68 -0.45 < 0.01b 5.80
Chagas et al., [105] 122 -0.69 -0.77 -0.58 < 0.01b 4.25
Hands et al., [74] (f) 726 -0.13 -0.20 -0.06 < 0.01b 7.12
Hands et al., [74] (m) 765 -0.08 -0.15 -0.01 0.03a 7.14
Hulteen et al., [110] 109 -0.11 -0.29 0.08 0.28 4.15
Huotari et al., [58] (03, f) 1181 -0.19 -0.24 -0.13 < 0.01b 7.26
Huotari et al., [58] (03, m) 1167 -0.13 -0.19 -0.07 < 0.01b 7.26
Huotari et al., [58] (10, f) 634 -0.20 -0.27 -0.12 < 0.01b 7.06
Huotari et al., [58] (10, m) 656 -0.19 -0.26 -0.12 < 0.01b 7.08
Jaakkola et al., [114] 333 -0.05 -0.16 0.06 0.36 4.86
Kovac et al., [101] 258 0.04 -0.09 0.16 0.57 6.51
O'Brien et al., [91] (f) 31 -0.27 -0.57 0.09 0.14 3.13
O'Brien et al., [91] (m) 54 -0.45 -0.64 -0.21 < 0.01b 4.25
Pullen et al., [100] (f) 119 -0.18 -0.35 0.00 0.06 5.61
Pullen et al., [100] (m) 105 -0.18 -0.36 0.01 0.06 5.42
Smith et al., [119] 361 -0.28 -0.37 -0.18 < 0.01b 4.89
Tadiotto et al., [56] (proc, bmi) 62 -0.60 -0.74 -0.41 < 0.01b 4.51
Tadiotto et al., [56] (proc, fm) 62 -0.67 -0.79 -0.51 < 0.01b 4.51
Tadiotto et al., [56] (prod, bmi) 62 -0.59 -0.73 -0.40 < 0.01b 4.51
Tadiotto et al., [56] (prod, fm) 62 -0.69 -0.80 -0.53 < 0.01b 4.51
Random effects (overall competence) 7237 -0.35 -0.42 -0.27 < 0.01b

Gu et al., [93] 279 -0.15 -0.26 -0.03 0.01a 100.00
Random effects (sports specific competence) 279 -0.15 -0.26 -0.03 0.01a

Haugen et al., [88] (f) 889 -0.25 -0.31 -0.19 < 0.01b 15.86
Haugen et al., [88] (m) 950 -0.25 -0.31 -0.19 < 0.01b 16.10
Huotari et al., [58] (03, f, stab) 1181 -0.14 -0.20 -0.08 < 0.01b 16.83
Huotari et al., [58] (03, m, stab) 1167 -0.14 -0.20 -0.08 < 0.01b 16.79
Huotari et al., [58] (10, f, stab) 634 -0.14 -0.22 -0.06 < 0.01b 14.50
Huotari et al., [58] (10, m, stab) 656 -0.18 -0.25 -0.10 < 0.01b 14.65
O'Brien et al., [91] (f, stab) 31 0.14 -0.22 0.47 0.45 1.96
O'Brien et al., [91] (m, stab) 54 -0.49 -0.67 -0.26 < 0.01b 3.31
Random effects (stability/balance competence) 5562 -0.191 -0.24 -0.14 < 0.01b

Heterogeneity (locomotor competence): I2 = 0.00; Q = 0.03; t2 = 0.00 and df = 1
Heterogeneity (object control competence): I2 = 0.00; Q = 2.95; t2 = 0.00 and df = 5
Heterogeneity (overall competence): I2 = 90.67; Q = 246.43; t2 = 0.03 and df = 23
Heterogeneity (sports specific competence): I2 = 0.00; Q = 0.00; t2 = 0.00 and df = 0 
Heterogeneity (stability/balance competence): I2 = 71.06; Q = 24.19; t2 = 0.00 and df = 7
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Fig. 6   Forest plots showing the pooled correlation coefficients 
between motor competence and weight status (r ± 95% confidence 
interval [CI]). Bold font indicates the summary statistics for each type 
of motor competence represented. 03 2003 participants, 10 2010 par-
ticipants, bmi body mass index, f female, fm fat mass, loc locomo-

tor competence, m male, obj object control competence, proc process 
measure of motor competence, prod product measure of motor com-
petence, r correlation coefficient, stab stability/balance competence, 
ap < 0.05, bp < 0.01

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Huhtiniemi et al., [99] (loc, curl ups) 645 0.28 0.21 0.35 < 0.01b 50.00
Huhtiniemi et al., [99] (loc, push ups) 645 0.44 0.38 0.50 < 0.01b 50.00
Jaakkola et al., [113] (f, loc) 275 0.56 0.47 0.64 < 0.01b 24.03
Jaakkola et al., [113] (m, loc) 216 0.47 0.36 0.57 < 0.01b 23.00
Random effects (locomotor competence) 1781 0.44 0.31 0.55 < 0.01b

Huhtiniemi et al., [99] (obj, curl ups) 645 0.28 0.21 0.35 < 0.01b 50.00
Huhtiniemi et al., [99] (obj, push ups) 645 0.32 0.25 0.39 < 0.01b 50.00
Jaakkola et al., [113] (f, obj) 275 0.33 0.22 0.43 < 0.01b 15.38
Jaakkola et al., [113] (m, obj) 216 0.36 0.24 0.47 < 0.01b 12.04
Random effects (object control competence) 1781 0.31 0.27 0.35 < 0.01b

Hands et al., [74] (f) 763 0.27 0.20 0.33 < 0.01b 39.00
Hands et al., [74] (m) 808 0.37 0.31 0.43 < 0.01b 39.48
Hulteen et al., [110] 109 0.30 0.12 0.46 < 0.01b 12.70
Tadiotto et al., [56] (proc) 62 0.39 0.15 0.58 < 0.01b 10.76
Tadiotto et al., [56] (prod) 62 0.49 0.27 0.66 < 0.01b 10.76
Random effects (Overall competence) 1804 0.34 0.27 0.41 < 0.01b

Gu et al., [93] 279 0.36 0.25 0.46 < 0.01b 100.00
Random effects (sports specific competence) 279 0.36 0.25 0.46 < 0.01b

Jaakkola et al., [113] (f, stab) 275 0.55 0.46 0.63 < 0.01b 55.60
Jaakkola et al., [113] (m, stab) 216 0.48 0.37 0.58 < 0.01b 44.40
Random effects (stability/balance competence) 491 0.52 0.45 0.58 < 0.01b

Heterogeneity (locomotor competence): I2 = 88.75; Q = 26.67; t2 = 0.02 and df = 3
Heterogeneity (object control competence): I2 = 0.00; Q = 1.57; t2 = 0.00 and df = 3 
Heterogeneity (overall competence): I2 = 46.89; Q = 7.53; t2 = 0.00 and df = 4 
Heterogeneity (sports specific competence): I2 = 0.00; Q = 0.00; t2 = 0.00 and df = 0
Heterogeneity (stability/balance competence): I2 = 8.01; Q = 1.09; t2 = 0.00 and df = 1
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Fig. 7   Forest plots showing the pooled correlation coefficients 
between motor competence and muscular endurance (r ± 95% con-
fidence interval [CI]). Bold font indicates the summary statistics for 
each type of motor competence represented. loc locomotor compe-

tence, obj object control competence, proc process measure of motor 
competence, prod product measure of motor competence, r correla-
tion coefficient, ap < 0.05, bp < 0.01
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3.3.1.3  Heterogeneity  The degree of heterogeneity was 
moderate (> 50%) for locomotor competence to physical 
activity, stability/balance competence to weight status and 
object control competence to cardiovascular endurance. 
A high degree of heterogeneity (> 75%) was identified for 
overall, object control and stability/balance competence to 
physical activity, overall competence to weight status, loco-
motor competence to muscular endurance, overall compe-
tence to muscular power, stability/balance competence to 

muscular strength, overall and stability/balance competence 
to cardiovascular endurance, stability/balance competence 
to flexibility, and object control and stability/balance com-
petence to perceived motor competence.

3.3.1.4  Sensitivity  The sensitivity analysis mainly 
showed minor changes. Independently eliminating three 
subgroup samples (male and female subgroup samples 
from the Huotari et al. 2010 cohort [58] and the male sub-

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Hulteen et al., [110] 109 0.43 0.27 0.57 < 0.01b 8.97
Kramer et al., [86] (f, SBJ) 28 -0.23 -0.55 0.16 0.25 8.66
Kramer et al., [86] (f, VJ) 28 -0.25 -0.57 0.13 0.19 8.66
Kramer et al., [86] (m, SBJ) 28 0.25 -0.13 0.57 0.19 8.66
Kramer et al., [86] (m, VJ) 28 0.26 -0.13 0.58 0.19 8.66
Lloyd et al., [118] 33 0.74 0.53 0.86 < 0.01b 6.47
Lloyd et al., [118] 33 0.66 0.41 0.82 < 0.01b 6.47
Pichardo et al., [72] (m, chest) 108 0.12 -0.07 0.30 0.22 16.14
Pichardo et al., [72] (m, CMJ) 108 0.11 -0.08 0.29 0.26 16.14
Pichardo et al., [72] (m, SBJ) 108 0.09 -0.10 0.27 0.36 16.14
Pullen et al., [100] (f) 105 0.40 0.22 0.55 < 0.01b 11.87
Pullen et al., [100] (m) 119 0.43 0.27 0.56 < 0.01b 12.21
Ryan et al., [82] 130 0.40 0.24 0.54 < 0.01b 16.93
Random effects (Overall competence) 965 0.29 0.16 0.42 < 0.01b

Chang et al., [92] (stab) 32 0.14 -0.22 0.47 0.45 22.48
Kramer et al., [86] (f, stab, SBJ) 28 0.07 -0.31 0.43 0.72 19.38
Kramer et al., [86] (f, stab, VJ) 28 -0.19 -0.53 0.20 0.33 19.38
Kramer et al., [86] (m, stab, SBJ) 28 0.00 -0.37 0.37 1.00 19.38
Kramer et al., [86] (m, stab, VJ) 28 0.14 -0.25 0.49 0.49 19.38
Random effects (Stability/balance competence) 144 0.03 -0.14 0.20 0.69
Heterogeneity (overall competence): I2 = 78.43; Q = 55.62; t2 = 0.05 and df = 12
Heterogeneity (stability/balance competence): I2 = 0.00; Q = 1.97; t2 = 0.00 and df = 4

-1.00 -0.50 0.00 0.50 1.00
Correlation coefficients (r ± 95% CI)

←Negative association Positive association→

Fig. 8   Forest plots showing the pooled correlation coefficients 
between motor competence and muscular power (r ± 95% confidence 
interval [CI]). Bold font indicates the summary statistics for each type 

of motor competence represented. chest throw, f female, m male, r 
correlation coefficient, SBJ standing broad jump, stab stability/bal-
ance competence, VJ vertical jump, ap < 0.05, bp < 0.01

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Pichardo et al., [72] (10) 108 -0.21 -0.38 -0.02 0.03a 28.85
Pichardo et al., [72] (20) 69 -0.37 -0.56 -0.15 < 0.01b 18.13
Pichardo et al., [72] (30) 69 -0.37 -0.56 -0.15 < 0.01b 18.13
Ryan et al., [82] 130 -0.32 -0.47 -0.16 < 0.01b 34.89
Random effects (Overall competence) 376 -0.31 -0.40 -0.21 < 0.01b

Heterogeneity (overall competence): I2 = 0.00; Q = 1.83; t2 = 0.00 and df = 3 -1.00 -0.50 0.00 0.50 1.00
Correlation coefficients (r ± 95% CI)
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Fig. 9   Forest plots showing the pooled correlation coefficients 
between motor competence and speed (r ± 95% confidence interval 
[CI]). Bold font indicates summary statistics for each type of motor 

competence represented, 10 10-m sprint time, 20 20-m sprint time, 30 
30-m sprint time, r = correlation coefficient, ap < 0.05, bp < 0.01

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower
95% CI

Upper
95% CI

p value Relative 
weight (%)

Kramer et al., [86] (f) 28 -0.08 -0.44 0.30 0.67 50.00
Kramer et al., [86] (m) 28 -0.44 -0.70 -0.08 0.02a 50.00
Lloyd et al., [118] 33 -0.54 -0.75 -0.24 < 0.01b 35.43
Random effects (overall competence) 89 -0.37 -0.60 -0.09 0.01a

Chang et al., [92] (stab) 32 -0.08 -0.42 0.28 0.67 35.90
Kramer et al., [86] (f, stab) 28 -0.45 -0.70 -0.09 0.02a 32.05
Kramer et al., [86] (m, stab) 28 -0.10 -0.46 0.28 0.61 32.05
Random effects (stability/balance competence) 88.00 -0.21 -0.44 0.04 0.09
Heterogeneity (overall competence): I2 = 48.14; Q = 3.86; t2 = 0.03 and df = 2
Heterogeneity (stability/balance competence): I2 = 23.12; Q = 2.60; t2 = 0.01 and df = 2
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Fig. 10   Forest plots showing the pooled correlation coefficients 
between motor competence and agility (r ± 95% confidence inter-
val [CI]). Bold font indicates the summary statistics for each type of 

motor competence represented. f female, m male, r correlation coef-
ficient, stab stability/balance competence. ap < 0.05, bp < 0.01
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group sample from O’Brien et al. [91]) altered the associa-
tion between object control competence and weight status 
from small to trivial. The overall competence and mus-
cular power association changed from small to moderate 
when individually removing each muscular power corre-
lation from Pichardo et al. [72]; male and female vertical 
jump correlations from Kramer et al. [86]; and the female 

standing broad jump correlation from Kramer et al. [86]. 
The association between overall motor competence and 
speed increased from small to moderate when indepen-
dently removing 20-m or 30-m sprint correlations from 
one study [72]. Removing Lloyd et al. [118] changed the 
association between overall competence and agility from 
moderate to small, while removing the female sample 

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Hands et al., [74] (f) 769 0.33 0.27 0.39 < 0.01b 26.86
Hands et al., [74] (m) 816 0.43 0.37 0.48 < 0.01b 27.28
Pichardo et al., [72] (abs) 108 0.18 -0.01 0.36 0.06 10.07
Pichardo et al., [72] (rel) 108 0.27 0.09 0.44 < 0.01b 10.07
Sommerfield et al., [120] (abs) 104 0.31 0.12 0.47 < 0.01b 7.47
Sommerfield et al., [120] (rel) 104 0.42 0.25 0.57 < 0.01b 7.47
Tadiotto et al., [56] (proc, hgl) 62 0.32 0.07 0.53 0.01a 6.43
Tadiotto et al., [56] (proc, hgr) 62 0.39 0.16 0.58 < 0.01b 6.43
Tadiotto et al., [56] (prod, hgl) 62.00 0.40 0.17 0.59 < 0.01b 6.43
Tadiotto et al., [56] (prod, hgr) 62 0.42 0.19 0.61 < 0.01b 6.43
Random effects (Overall competence) 2257 0.36 0.30 0.41 < 0.01b

Haugen et al., [88] (f, PU) 889 0.40 0.34 0.45 < 0.01b 24.83
Haugen et al., [88] (f, SBJ) 889 0.50 0.45 0.55 < 0.01b 24.83
Haugen et al., [88] (m, PU) 950 0.37 0.31 0.42 < 0.01b 25.17
Haugen et al., [88] (m, SBJ) 950 0.38 0.32 0.43 < 0.01b 25.17
Random effects (Stability/balance) 3678 0.41 0.35 0.47 < 0.01b

Heterogeneity (overall competence): I2 = 29.98; Q = 12.85; t2 = 0.00 and df = 9
Heterogeneity (stability/balance competence): I2 = 79.79; Q = 14.85; t2 = 0.00 and df = 3
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Fig. 11   Forest plots showing the pooled correlation coefficients 
between motor competence and muscular strength (r ± 95% confi-
dence interval [CI]). Bold font indicates the summary statistics for 
each type of motor competence represented. abs absolute strength, 
f female, hgl hand grip test left hand, hgr hand grip test right hand, 

m male, proc process measure of motor competence, prod product 
measure of motor competence, PU push-up test, r = correlation coef-
ficient, rel strength relative to body mass, SBJ standing broad jump 
test, ap < 0.05, bp < 0.01

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Jaakkola et al., [113] (f, loc) 275 0.60 0.52 0.67 < 0.01b 56.08
Jaakkola et al., [113] (m, loc) 216 0.61 0.52 0.69 < 0.01b 43.92
Random effects (locomotor competence) 491 0.60 0.54 0.66 < 0.01b

Jaakkola et al., [113] (f, obj) 275 0.45 0.35 0.54 < 0.01b 52.85
Jaakkola et al., [113] (m, obj) 216 0.55 0.45 0.64 < 0.01b 47.15
Random effects (object control competence) 491 0.50 0.39 0.59 < 0.01b

Hands et al., [74] (f) 725 0.15 0.08 0.22 < 0.01b 10.84
Hands et al., [74] (m) 778 0.22 0.15 0.29 < 0.01b 10.87
Hulteen et al., [110] 109 0.32 0.14 0.48 < 0.01b 7.68
Okely et al., [73] (f, 13y) 515 0.45 0.38 0.52 < 0.01b 10.61
Okely et al., [73] (f, 15y) 430 0.50 0.43 0.57 < 0.01b 10.47
Okely et al., [73] (m, 13y) 557 0.33 0.25 0.40 < 0.01b 10.67
Okely et al., [73] (m, 15y) 524 0.40 0.33 0.47 < 0.01b 10.63
Pichardo et al., [72] 108 0.28 0.10 0.45 < 0.01b 8.34
Tadiotto et al., [56] (proc, VO2) 62 0.15 -0.11 0.38 0.26 6.89
Tadiotto et al., [56] (proc, VO2rel) 62 0.64 0.46 0.77 < 0.01b 6.89
Tadiotto et al., [56] (prod, VO2) 62 0.23 -0.02 0.45 0.07 6.89
Tadiotto et al., [56] (prod, VO2rel) 62 0.66 0.49 0.78 < 0.01b 6.89
Random effects (Overall competence) 3994 0.37 0.28 0.45 < 0.01b

Gu et al., [93] 279 0.38 0.27 0.48 < 0.01b 100.00
Random effects (Sports specific competence) 279 0.38 0.27 0.48 < 0.01b

Haugen et al., [88] (f) 889 0.48 0.43 0.53 < 0.01b 49.80
Haugen et al., [88] (m) 950 0.37 0.31 0.42 < 0.01b 50.20
Jaakkola et al., [113] (f, stab) 275 0.49 0.39 0.57 < 0.01b 22.63
Jaakkola et al., [113] (m, stab) 216 0.58 0.48 0.66 < 0.01b 20.99
Random effects (Stability/balance competence) 2330 0.48 0.39 0.55 < 0.01b

Heterogeneity (locomotor competence): I2 = 0.00; Q = 0.03; t2 = 0.00 and df = 1
Heterogeneity (object control competence): I2 = 53.16; Q = 2.13; t2 = 0.00 and df = 1
Heterogeneity (overall competence): I2 = 88.41; Q = 94.90; t2 = 0.02 and df = 11 
Heterogeneity (sports specific competence): I2 = 0.00; Q = 0.00; t2 = 0.00 and df = 0
Heterogeneity (stability/balance competence): I2 = 82.87; Q = 17.51; t2 = 0.01 and df = 3
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Fig. 12   Forest plots showing the pooled correlation coefficients 
between motor competence and cardiovascular endurance (r ± 95% 
confidence interval [CI]). Bold font indicates the summary statistics 
for each type of motor competence represented. 13y 13 years old, 15y 
15 years old, f female, loc locomotor competence, m male, obj object 

control competence, stab stability/balance competence, proc process 
measure of motor competence, prod product measure of motor com-
petence, r correlation coefficient, VO2 max, VO2rel VO” max relative 
to body mass, ap < 0.05, bp < 0.01
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from Kramer et al. [86] changed the association between 
stability/balance competence and agility from non-signifi-
cant and small to non-significant and trivial. The removal 
of the male sample from Haugen et  al. [88] altered the 
association between stability/balance competence and 
cardiovascular endurance from moderate to high.

3.3.1.5  Evaluation of  Small Study Effects  Inspection of 
the funnel plots and Egger’s regression intercepts revealed 
statistically significant Egger’s regression statistics for the 
association between overall competence and weight status 

(intercept =  − 4.21, 95% CI − 6.17, − 2.26, p < 0.01). The 
association between overall competence and weight status 
was not considered symmetrical, indicating the presence of 
a small study effect [178].

3.3.1.6  Moderator Variables  The subgroup analysis of the 
potential moderator variables (i.e., age, sex, type of motor 
competence assessment) is presented in supplementary 
Table  1. Pairwise comparisons showed three significant 
moderators; (1) the association between object control com-
petence and physical activity was greater for male individu-

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Hands et al., [74] (f) 768 0.22 0.15 0.29 < 0.01b 48.57
Hands et al., [74] (m) 813 0.26 0.19 0.32 < 0.01b 51.43
Hulteen et al., [110] 109 0.14 -0.05 0.32 0.14 6.31
Random effects (Overall competence) 1690 0.23 0.19 0.28 < 0.01b

Gu et al., [93] 279 -0.07 -0.19 0.05 0.24 100.00
Random effects (Sports specific competence) 279 -0.07 -0.19 0.05 0.24
Haugen et al., [88] (f) 889 0.23 0.17 0.29 < 0.01b 49.80
Haugen et al., [88] (m) 950.00 0.10 0.04 0.16 < 0.01b 50.20
Random effects (Stability/balance competence) 1839 0.17 0.04 0.29 0.01a

Heterogeneity (overall competence): I2 = 0.00; Q = 1.75; t2 = 0.00 and df = 2
Heterogeneity (sports specific competence): I2 = 0.00; Q = 0.00; t2 = 0.00 and df = 0
Heterogeneity (stability/balance competence): I2 = 87.81; Q = 8.20; t2 = 0.01 and df = 1

-1.00 -0.50 0.00 0.50 1.00
Correlation coefficients (r ± 95% CI)

←Negative association Positive association→

Fig. 13   Forest plots showing the pooled correlation coefficients 
between motor competence and flexibility (r ± 95% confidence inter-
val [CI]). Bold font indicates the summary statistics for each type of 

motor competence represented. f female, m male, r correlation coef-
ficient, ap < 0.05, bp < 0.01

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Barnett et al., [67] (loc) 215 0.30 0.17 0.42 < 0.01b 13.82
Huhtiniemi et al., [99] (loc) 645 0.27 0.20 0.34 < 0.01b 41.85
Kalaja et al., [85] (loc) 370 0.22 0.12 0.31 < 0.01b 23.92
Kalaja et al., [55] (loc) 316 0.22 0.11 0.32 < 0.01b 20.40
Random effects (Locomotor competence) 1546 0.25 0.20 0.30 < 0.01b

Barnett et al., [67] (obj) 215 0.46 0.35 0.56 < 0.01b 19.20
Huhtiniemi et al., [99] (obj) 645 0.36 0.29 0.43 < 0.01b 23.92
Kalaja et al., [85] (obj) 370 0.22 0.12 0.31 < 0.01b 21.93
Kalaja et al., [55] (obj) 316 0.22 0.11 0.32 < 0.01b 21.22
Rigoli et al., [81] (obj) 93 0.46 0.28 0.61 < 0.01b 13.73
Random effects (Object control competence) 1639 0.34 0.24 0.43 < 0.01b

De Meester et al., [36] 204 0.30 0.17 0.42 < 0.01b 6.82
Estevan et al., [98] 236 0.37 0.25 0.48 < 0.01b 7.35
Estevan et al., [68] (pmc loc) 91 0.47 0.29 0.62 < 0.01b 4.09
Estevan et al., [68] (pmc obj) 91 0.32 0.12 0.49 < 0.01b 4.09
Estevan et al., [68] (pmc stab) 91 0.51 0.34 0.65 < 0.01b 4.09
Fu and Burns [121] 66 0.37 0.14 0.56 < 0.01b 4.06
Pullen et al., [100] (f) 105 0.19 0.00 0.37 0.05 4.53
Pullen et al., [100] (m) 119 0.34 0.17 0.49 < 0.01b 4.94
Rogers et al., [89] (pmc fms) 173 0.26 0.12 0.39 < 0.01b 6.23
Rogers et al., [89] (pmc sport) 173 0.39 0.26 0.51 < 0.01b 6.23
Rogers et al., [89] (self) 173 0.30 0.16 0.43 < 0.01b 6.23
Vedul-Kjelsas et al., [90] (f) 28 0.41 0.04 0.68 0.03a 1.46
Vedul-Kjelsas et al., [90] (m) 39 0.31 0.00 0.57 0.05 2.01
Random effects (overall competence) 1589 0.34 0.30 0.38 < 0.01b

Haugen et al., [88] (f) 889 0.34 0.28 0.40 < 0.01b 24.09
Haugen et al., [88] (m) 950 0.28 0.22 0.34 < 0.01b 24.28
Kalaja et al., [85] (stab) 370 0.15 0.05 0.25 < 0.01b 20.50
Kalaja et al., [55] (stab) 316 0.15 0.04 0.26 0.01a 19.64
Rigoli et al., [81] (stab) 93 0.42 0.24 0.58 < 0.01b 11.50
Random effects (Stability/balance competence) 2618 0.26 0.17 0.34 < 0.01b

Heterogeneity (locomotor competence): I2 = 0.00; Q = 1.59; t2 = 0.00 and df = 3
Heterogeneity (object control competence): I2 = 77.16; Q = 17.51; t2 = 0.01 and df = 4 
Heterogeneity (overall competence): I2 = 0.00; Q = 11.81; t2 = 0.00 and df = 12 
Heterogeneity (stability/balance competence): I2 = 78.83; Q = 18.89; t2 = 0.01 and df = 4

-1.00 -0.50 0.00 0.50 1.00
Correlation coefficients (r ± 95% CI)

←Negative association Positive association→

Fig. 14   Forest plots showing the pooled correlation coefficients 
between motor competence and perceived motor competence 
(r ± 95% confidence interval [CI]). Bold font indicates the summary 
statistics for each type of motor competence represented. f female, loc 
locomotor competence, m male, obj object control competence, pmc 
fms perceived motor competence in fundamental movement skills, 

pmc loc perceived motor competence in locomotor skills, pmc obj 
perceived motor competence in object control skills, pmc self self-
competence, pmc sport perceived motor competence in sports, pmc 
stab perceived motor competence in stability/balance skills, r correla-
tion coefficient, stab stability/balance competence, ap < 0.05, bp < 0.01
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als (r = 0.33) compared with female individuals (r = 0.21, 
p = 0.04); (2) the association between overall competence and 
physical activity was greater in studies using product motor 
competence assessments (r = 0.31) versus process assess-
ments (r = 0.18; p = 0.03); and (3) the association between 
overall competence and weight status was greater for studies 
with a mean age between 13 and 15 years (r =  − 0.37), com-
pared with studies with a mean age between 11 and 12 years 
(r =  − 0.21; p = 0.03). There were no other significant dif-
ferences in associations for motor competence and physi-
cal activity, physical fitness or psychosocial characteristics 
between any other potential moderators.

4 � Discussion

4.1 � Overview of the Main Findings

A key focus during adolescence is the synergistic develop-
ment of motor competence, physical fitness and psycho-
social characteristics [1]. The interaction between these 

characteristics is suggested to induce positive or nega-
tive physical activity and weight status trends amongst 
youth [21]; a hypothesis that potentially explains declining 
physical activity [8] and increasing obesity levels (e.g. UK 
[9], USA [10]) amongst these individuals. This system-
atic review with meta-analysis is the first to (1) analyse 
the scientific literature evaluating associations between 
motor competence and physical activity, physical fitness 
and/or psychosocial characteristics amongst adolescents; 
(2) evaluate the associations between motor competence 
and physical activity, physical fitness characteristics and/
or psychosocial characteristics amongst adolescents; and 
(3) investigate the impact of moderator variables (i.e. 
age, sex, type of motor competence assessment) on these 
associations.

A total of 61 studies were reviewed [36, 55–58, 66–121], 
totalling 22,256 participants, providing a comprehensive 
systematic evidence base of the associations between motor 
competence and physical activity, physical fitness and psy-
chosocial characteristics amongst adolescents. Findings 
from the qualitative review indicated that when examining 

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Fu and Burns [121] 66 -0.12 -0.35 0.13 0.34 8.24
McGrane et al., [70] (f) 152 0.31 0.15 0.44 < 0.01b 13.68
McGrane et al., [70] (m) 157 0.10 -0.06 0.25 0.21 13.94
Philpott et al., [76] (13y, FMS) 101 0.29 0.10 0.46 < 0.01b 10.60
Philpott et al., [76] (13y, func) 101 0.25 0.06 0.42 0.01a 10.60
Philpott et al., [76] (14y, FMS) 149 0.28 0.12 0.42 < 0.01b 13.53
Philpott et al., [76] (14y, func) 149 0.26 0.10 0.40 < 0.01b 13.53
Philpott et al., [76] (15y, FMS) 123 0.41 0.25 0.55 < 0.01b 12.06
Philpott et al., [76] (15y, func) 123 0.09 -0.09 0.26 0.33 12.06
Random effects (overall competence) 1121 0.22 0.13 0.31 < 0.01b

Heterogeneity (overall competence): I2 = 60.11; Q = 20.05; t2 = 0.01 and df = 8 -1.00 -0.50 0.00 0.50 1.00
Correlation coefficients (r ± 95% CI)

←Negative association Positive association→

Fig. 15   Forest plots showing the pooled correlation coefficients 
between motor competence and self-efficacy/confidence (r ± 95% 
confidence interval [CI]). Bold font indicates the summary statistics 
for each type of motor competence represented. 13y 13-year-olds, 14y 

14-year-olds, 15y 15-year-olds, f female, FMS fundamental move-
ment skill assessment, func functional movement screen assessment, 
m male, r = correlation coefficient, ap < 0.05, bp < 0.01

Study Sample 
size (n)

Correlation 
coefficient (r)

Lower 
95% CI

Upper
95% CI

p value Relative 
weight (%)

Kalaja et al., [85] (loc) 370 0.15 0.05 0.25 < 0.01b 53.97
Kalaja et al., [55] (loc) 316 0.15 0.04 0.26 0.01a 46.03
Random effects (Locomotor competence) 686 0.15 0.08 0.22 < 0.01b

Kalaja et al., [85] (obj) 370 0.07 -0.03 0.17 0.18 53.97
Kalaja et al., [55] (obj) 316 0.07 -0.04 0.18 0.21 46.03
Random effects (Object control competence) 686 0.07 -0.01 0.14 0.07
De Meester et al., [36] 203 0.20 0.07 0.33 < 0.01b 30.72
Estevan et al., [98] 236 0.15 0.02 0.27 0.02a 35.79
Pullen et al., [100] (f) 105 0.26 0.07 0.43 0.01a 15.67
Pullen et al., [100] (m) 119 0.25 0.07 0.41 0.01a 17.82
Random effects (Overall competence) 663 0.20 0.13 0.27 < 0.01b

Kalaja et al., [85] (stab) 370 0.20 0.10 0.30 < 0.01b 53.97
Kalaja et al., [55] (stab) 316 0.20 0.09 0.30 < 0.01b 46.03
Random effects (Stability/balance competence) 686 0.20 0.13 0.27 < 0.01b

Heterogeneity (locomotor competence): I2 = 0.00; Q = 0.00; t2 = 0.00 and df = 1
Heterogeneity (object control competence): I2 = 0.00; Q = 0.00; t2 = 0.00 and df = 1
Heterogeneity (overall competence): I2 = 0.00; Q = 1.33; t2 = 0.00 and df = 3 
Heterogeneity (stability/balance competence): I2 = 0.00; Q = 0.00; t2 = 0.00 and df = 1

-1.00 -0.50 0.00 0.50 1.00
Correlation coefficients (r ± 95% CI)

←Negative association Positive association→

Fig. 16   Forest plots showing the pooled correlation coefficients 
between motor competence and motivation (r ± 95% confidence inter-
val [CI]). Bold font indicates the summary statistics for each type of 

motor competence represented. f female, loc locomotor competence, 
m male, obj object control competence, r correlation coefficient, stab 
stability/balance competence, ap < 0.05, bp < 0.01
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the associations of motor competence during adolescence: 
(1) risk of bias is present across all studies; (2) longitudinal 
evaluations are limited, (3) few studies account for, or con-
sider, maturity status, (4) few studies associate motor com-
petence across multiple characteristics (i.e. physical activity, 
physical fitness, psychosocial) and (5) either process (i.e., 
technique) or product (i.e. outcome) measures are favoured 
when assessing motor competence compared to combined 
(process and product) methods.

Within the present study, physical activity, compos-
ite fitness, muscular endurance, muscular power, muscu-
lar strength, cardiovascular endurance, perceived motor 
competence, self-efficacy/confidence and motivation were 
positively associated with motor competence; weight sta-
tus, speed and agility were inversely associated with motor 
competence. Flexibility showed positive and negative asso-
ciations with motor competence depending upon the motor 
skills assessed. These findings align with previous evidence 
[12, 14, 21, 25, 28] across youth, suggesting that associa-
tions of motor competence continue throughout childhood 
and adolescence. Moderator comparisons (i.e. age, sex, type 
of motor competence assessment) presented three signifi-
cant differences: (1) the association between object control 
competence and physical activity was greater for male indi-
viduals compared with female individuals; (2) the associa-
tion between overall competence and physical activity was 
greater in studies using product motor competence assess-
ments versus process assessments; and (3) the association 
between overall competence and weight status was greater 
for studies with a mean age between 13 and 15 years, com-
pared with those between 11 and 12 years. These findings 
suggest that motor competence, physical activity engage-
ment and physical fitness are complex during adolescence, 
when substantial physiological, biological and body compo-
sition changes are ongoing, meaning a greater understanding 
is required.

4.2 � Summary of Study Methods

Risk of bias was present across all included studies (0/61 
met all six criteria). Validity (criterion two) and reliability 
(criterion three) of motor competence assessments had the 
highest adherence. Thus, while numerous motor competence 
assessments are available, the most current assessments are 
valid and reliable for practitioners to utilise within their 
environments. Sampling characteristics (criterion one) and 
validity of physical activity/fitness/psychosocial measures 
(criterion four) presented the lowest adherence. The low 
adherence to criterion one is attributed to the limited detail 
regarding sampling methods (e.g. random/convenience) and 
participant demographics (e.g. age, sex, ethnicity). Criterion 
four’s low adherence highlights inconsistencies in reporting 

the validity of measures used. These inconsistencies could 
confound the results presented and indicate that future 
research should utilise valid measures of physical activity, 
physical fitness and psychosocial characteristics during ado-
lescence. Such information is important to fully understand 
the confounding factors that may influence any associations 
evaluated. Thus, authors should provide detail regarding 
participant sampling characteristics (e.g. sampling method, 
sample size, age, sex, stage of maturity) and the validity and 
reliability of study measures (e.g. of motor competence, and 
physical activity/fitness/psychosocial measures) to enhance 
study quality.

Most studies (45 out of 61) included within the systematic 
review used cross-sectional study designs, with ten studies 
[80, 103–105, 111–116] collecting longitudinal evaluations. 
The remaining studies conducted randomised controlled trial 
interventions [102, 117, 119], or used validity and reliability 
methods [66, 68, 110]. This finding aligns with previous 
motor competence reviews [14, 29, 47], and supports the 
need for future longitudinal investigations. Whilst cross-
sectional study designs allow researchers to highlight cur-
rent trends at single timepoints, longitudinal designs may 
be more appropriate to understand the developmental tra-
jectories of the associations between these characteristics, 
alongside the long-term influence of potential moderators 
(e.g. sex, age, maturity status). Furthermore, longitudinal 
research can confirm previous cross-sectional outcomes and 
highlight the most appropriate opportunities for interven-
tions to enhance health, well-being and performance out-
comes in adolescence [179].

When evaluating motor competence, physical activity, 
physical fitness and psychosocial characteristics across 
adolescence, maturity status should be considered. Matu-
rity status is asynchronous with chronological age [38, 39] 
and can lead to temporary reductions in motor competence 
(i.e. adolescent awkwardness) during the adolescent growth 
spurt [42]. Eight studies within this review measured the 
maturity status of adolescents. For example, Ryan et al. 
[82] showed that Fundamental Movement Screen™ scores 
stagnated between pre-PHV and circa-PHV (d = 0.3; 95% 
CI − 0.6, 1.2), before increasing during post-PHV (circa- 
to post-PHV d = 1.4; 95% CI 0.5, 2.2), which supports the 
adolescent awkwardness hypothesis during peak growth. 
Furthermore, Kokstejn et al. [97] showed that during pre-
PHV (estimated years from PHV =  − 2.88 ± 0.3 years), ado-
lescents’ motor competence is negatively associated with 
maturity status (r =  − 0.29, p < 0.01), whilst Pichardo et al. 
[72] identified no association between maturity status and 
motor competence in circa-PHV male individuals (esti-
mated years from PHV = 0.2 ± 0.9 years; r = 0.00, p > 0.05). 
These findings show that stages of maturity may influence 
health and performance characteristics differently. While 



	 A. M. Burton et al.

measuring maturity status is a strength of these studies, no 
studies explored the effect of maturity status on associations 
between motor competence and physical activity, physical 
fitness and psychosocial characteristics. Future research 
should longitudinally track maturity status during adoles-
cence and examine its influences on the association between 
motor competence and physical activity, physical fitness and 
psychosocial characteristics.

The hypothesised Stodden et al. [21] model has been 
responsible for most motor competence research, world-
wide, over the last decade. However, while multiple motor 
competence associations were hypothesised, most studies 
(n = 34) within this review only compared motor competence 
to one characteristic (i.e. physical activity, physical fitness or 
psychosocial). Only three studies [88, 104, 115] evaluated 
associations across all characteristics. This finding supports 
that of Barnett et al. [29] who identified that few studies 
have investigated the entire model. One explanation for this 
finding is that multivariate approaches may be required to 
analyse associations between the variables within the Stod-
den et al. [21] model (e.g. physical fitness, psychosocial) 
because a univariate analysis can only determine relation-
ships between two variables in a pairwise manner at any 
given time [180]. Nevertheless, based on currently available 
evidence, only inferences can be made on all aspects of the 
Stodden et al. [21] model in adolescents, and there is a need 
for more holistic longitudinal research to examine the model 
in its entirety.

When measuring motor competence, most studies used 
process (i.e. technique; n = 25) or product (i.e. outcome; 
n = 31) assessments. Only one study used a combined motor 
competence measure (i.e. process and product criterion; 
[74]), while four studies [56, 77, 86, 92] reported separate 
correlations for process and product elements. These find-
ings support other reviews (e.g. [181]), which similarly show 
studies favouring process or product assessments of motor 
competence. Such methods limit the overview of an indi-
vidual’s motor competence [182]. For example, evaluating 
an individual’s technique enables assessors to identify and 
correct inadequate movement patterns to inform training 
interventions [183], prevent injury [184] and increase per-
ceived motor competence [28]. Conversely, product-based 
measures show long-term changes in movement outcomes 
[185]. Process evaluations are subjective and require expe-
rienced assessors [186], while product-based measures can-
not identify individual differences in motor competence as 
they are outcome based [187]. Consequently, authors have 
developed valid approaches to assess combined motor com-
petence (e.g. the Canadian Agility Movement Skills Assess-
ment [188], and the Dragon’s Challenge [189]), which offer 
viable alternatives that practitioners should consider for 
assessing motor competence.

4.3 � Summary of Meta‑analyses

When assessing associations with physical activity, physi-
cal fitness and psychosocial characteristics, meta-analyses 
were conducted separately for different motor competence 
domains (i.e. overall competence, locomotor, object con-
trol, stability/balance, sports specific). This approach high-
lighted the scarcity of studies that provided correlations for 
the separate domains (see Figs. 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15 and 16), meaning that for some character-
istics, insufficient study samples were available to analyse 
their associations with motor competence. Therefore, care 
should be taken when reviewing some associations, owing to 
their limited evidence base. Where possible, future research 
should report associations with physical activity, physical 
fitness, and psychosocial characteristics as an overall score 
and separate motor competence domains.

4.3.1 � Heterogeneity

The degree of heterogeneity varied depending on the char-
acteristics measured. Higher heterogeneity occurred within 
meta-analyses consisting of greater study samples/sample 
sizes. Heterogeneity arises because of the grouping of stud-
ies that are methodologically diverse [64]. Thus, within 
the different meta-analyses, higher heterogeneity likely 
represents the diversity of the included studies’ popula-
tion characteristics (e.g. sex, age, nationality) and the vari-
ety of motor competence assessments used across studies 
(27 different assessments identified). Thus, future research 
requires more consistent approaches for measuring associa-
tions between motor competence, physical activity, physical 
fitness and psychosocial characteristics among adolescents.

4.3.2 � Association Between Motor Competence and Physical 
Activity

In the meta-analyses of 13 studies, a small association 
between motor competence and physical activity was seen 
among adolescents. The lowest association with physical 
activity was stability/balance competence, and the highest 
association with physical activity was overall competence, 
suggesting that a variety of motor skills such as throwing, 
catching, running, jumping and balancing are similarly 
important for physical activity engagement. A recent review 
indicated that supportive social environments are key to 
adolescent physical activity behaviours (e.g. active travel, 
sports participation) [190]. Perhaps, such environments may 
favour those with a broad range of motor skills that allow 
participation at the same levels as their peers (i.e. can engage 
successfully in a given social environment), particularly as 
displaying incompetence in front of others and exposure to 
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embarrassment are perceived barriers to physical activity 
during adolescence [191]. Such experiences may be exagger-
ated in countries where there are strong links between school 
and sport (e.g. USA), although further research is required 
to test this hypothesis.

Current findings support previous reviews that identify 
positive associations between motor competence and physi-
cal activity in children and adolescents [25–28] but con-
tradict the recent findings of Barnett et al., [29] who found 
no evidence supporting these associations. While Barnett 
et al. [29] explain their findings via a publication bias and a 
tendency within sports science research to only report sig-
nificant associations, the present review shows no evidence 
of publication bias, with both non-significant and significant 
correlations extracted from the included studies. However, 
the present review’s sole focus on adolescent populations 
and the lack of longitudinal evidence presented may explain 
this contradiction.

Because of the variance in study methods (e.g. objective 
vs subjective physical activity assessments, participant char-
acteristics, motor competence measures), comparing studies 
is challenging. Additionally, the tools used to assess physical 
activity and motor competence associations need acknowl-
edging. For example, accelerometery does not capture 
the intensities of specific motor competencies (e.g. object 
control) [192], and consequently presents a lower associa-
tion with these motor competencies [29]. This limitation is 
highlighted by O’Brien et al., [91], who measured physical 
activity in male individuals via accelerometery and reported 
a trivial association between physical activity and stability/
balance competence. Measurement limitations should be 
considered during the research design process when assess-
ing the associations between physical activity and motor 
competence in adolescents.

4.3.3 � Association Between Motor Competence and Physical 
Fitness

Within these meta-analyses, various pathways of the Stod-
den et al. [21] model are represented. However, this study 
evaluated a broader range of physical fitness characteristics 
against motor competence compared with others (e.g. [12].), 
indicating the scarcity of evidence investigating individual 
physical fitness characteristics compared to other charac-
teristics within the Stodden et al. [21] model. Thus, more 
research is required to strengthen the understanding of physi-
cal fitness and motor competence in adolescents.

Composite Fitness This review identified a moderate 
positive association between motor competence and com-
posite fitness (r = 0.39). However, this association may rep-
resent similarities between product-based motor competence 
assessments and physical fitness measures (e.g. distance 

covered in standing long jump) that consist of similar neu-
romuscular actions [12]. For example, Vedul-Kjelsas et al. 
[90] measured physical fitness via a tennis ball throw, which 
bears similarities to components of the MABC-2 (e.g. ball 
skills). Within this meta-analysis, ten study samples utilised 
product-based assessments compared to two samples [66, 
119] using process-based measurements. However, both 
samples identified a moderate positive association between 
process-orientated assessments and these characteristics, 
which suggests that associations may not be influenced 
by the type of motor competence assessment used. Future 
research should consider the similarities between product-
based motor competence assessments and physical fitness 
measures in their methodologies. Adopting a combined (i.e. 
process and product) measure of motor competence is rec-
ommended when comparing to composite fitness scores, to 
account for measurement similarities and provide greater 
clarity on this particular association.

Weight status Weight status was negatively associated 
with motor competence in the meta-analyses (r =  − 0.36 
to − 0.10). All motor competence domains were represented, 
although the meta-analysis for locomotor competence and 
sports-specific competence included insufficient study 
samples. These findings support similar evidence in youth 
[12, 25] and may be explained by the detrimental effect of 
increased body mass on motor competencies involving the 
projection of an individual’s body mass (e.g. jumping, run-
ning [12, 193]). However, body mass index was the most 
popular measure of weight status (n = 36/41 study samples). 
Measuring weight status via body mass index is a limita-
tion of the current adolescent literature as lean/fat mass can-
not be directly measured [84, 91, 194]. Within this review, 
Tadiotto et al. [56] identified that fat mass was negatively 
associated with motor competence, while lean mass was 
positively associated. This finding highlights the importance 
of differentiating between components of body composition 
when comparing associations with motor competence dur-
ing adolescence, where lean mass gains occur, especially in 
male individuals [195]. Consequently, future research should 
focus on utilising more appropriate and practical measures 
of weight status that can differentiate between lean and fat 
mass (e.g. bioelectrical impedance) [28].

Of the meta-analyses undertaken, only the association 
for overall competence and weight status presented a small 
study effect, with the funnel plot indicating the presence of 
a significant publication bias. Explanations for the publica-
tion bias within this particular meta-analysis could include 
the use of a sedentary sample ([56] inclusion criteria = not 
physically active except for school time physical education 
and > 2 h of screen time per day), participants of a low socio-
economic status [96] and small sample sizes [95]. There-
fore, care should be taken when interpreting the association 
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between overall competence and weight status presented in 
this review, and future research should seek to limit publica-
tion bias.

Muscular Endurance, Power and Strength Compared with 
previous reviews (e.g. [12, 25].), this meta-analysis con-
ducted a broader evaluation of motor competence associa-
tions with musculoskeletal fitness (e.g. muscular endurance, 
power, strength). The meta-analyses identified moderate 
positive associations between motor competence and mus-
culoskeletal endurance, and muscular strength, as well as 
trivial-to-small positive associations with muscular power. 
Such findings suggest that musculoskeletal fitness and motor 
competence are mutually important for physical activity 
engagement [196]. For example, athletic tasks combine dif-
ferent skills that require both learnt levels of coordination 
and efficient force production/absorption capabilities (e.g. 
netball pass, jumping to catch a rebound in basketball) [12, 
18]. Therefore, interventions should seek to synergistically 
develop musculoskeletal fitness and motor competence for 
positive health outcomes. Within this review, authors lacked 
consensus when classifying musculoskeletal fitness meas-
ures. For example, Kramer et al. [86] and Pichardo et al. [72] 
measured muscular power via a standing broad jump, whilst 
Haugen et al. [88] used this assessment to measure mus-
cular strength. The limited consensus creates a cross-over 
in associations of motor competence and musculoskeletal 
fitness characteristics (i.e. muscular power scores contribut-
ing to muscular strength associations and vice versa), which 
could confound the associations presented. Therefore, future 
research requires more standardised measures to assess mus-
culoskeletal fitness characteristics and facilitate between-
study comparisons.

Speed and Agility Motor competence was negatively asso-
ciated with speed and agility. No previous review has exam-
ined these associations because of focusing on health-related 
fitness (i.e. cardiovascular and musculoskeletal fitness; [12, 
25, 29]). A broader focus on physical fitness components of 
athleticism [1] is a strength of the present study and allows 
the evaluation of additional characteristics required for phys-
ical activities/sports. These negative associations indicate 
that better speed and agility performance is synonymous 
with greater motor competence. However, readers should 
cautiously interpret the associations between motor compe-
tence, speed and agility because of the few studies (two for 
speed, three for agility) and study samples (four for speed, 
six for agility) evaluated. The need for caution is highlighted 
by a sensitivity analysis. Independently removing two study 
samples from the motor competence-speed meta-analysis 
changed this negative association from moderate to small, 
while the removal of one study from the agility meta-anal-
ysis changed this negative association from small to trivial. 
Nevertheless, low correlations between motor competence 

and speed/agility indicate the importance of other physical 
fitness characteristics for speed/agility. Previous research 
supports this hypothesis as relative strength is associated 
with longer step lengths (r = 0.79), and faster sprint speed 
(r = 0.42) [197]. Because of insufficient studies investigat-
ing the association between motor competence and speed, 
and agility, further research is required to understand these 
interactions fully.

Cardiovascular Endurance Overall, sports-specific and 
stability/balance competence were moderately associated 
with cardiovascular endurance (r = 0.38 to 0.60). However, 
a lack of study samples for locomotor competence (n = 2), 
object control competence (n = 2) and sports-specific compe-
tence (n = 1) means that these associations are inconclusive. 
Nevertheless, 12 study samples provide strong evidence for 
a moderate association between overall competence and car-
diovascular endurance, which supports other findings across 
youth [12, 25, 28, 29]. Cattuzzo et al. [12] hypothesised 
that multiple physical fitness characteristics are both directly 
(i.e. via neuromuscular development) and indirectly (i.e. 
increased ability to participate in physical activities that pro-
mote cardiovascular fitness) linked with motor competence. 
For example, activities promoting cardiovascular endurance 
require repetitive, consecutive, concentric and eccentric con-
tractions, which encompass contralateral limb coordination 
[12, 72]. These muscular actions may explain the high asso-
ciation between locomotor competence and cardiovascular 
endurance (r = 0.60) presented by two study samples within 
this meta-analysis. However, future study needs to explore 
this hypothesis owing to a lack of study samples for different 
motor competence domains.

Flexibility This meta-analysis shows that the association 
between motor competence and flexibility is inconclusive 
and concurrent with similar findings in youth [12, 25, 29]. 
The present results can be attributed to a lack of studies 
exploring this association. Nevertheless, both hyperflexibil-
ity and hypoflexibility can affect children’s movement capa-
bilities [31]. Further, some adolescents experience tempo-
rary reductions in motor competence during circa-PHV [42], 
suggesting that maturation may affect flexibility. With lim-
ited consideration for maturity status throughout this review, 
further research is needed to clarify the association between 
motor competence and flexibility during adolescence.

4.3.4 � Association Between Motor Competence 
and Psychosocial Characteristics

Perceived Motor Competence and Confidence The associa-
tion between motor competence and perceived motor com-
petence ranged from small to moderate, with all domains 
except sports-specific competence represented. The strongest 
evidence for this association was for overall competence (13 
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study samples included). Less evidence was available for 
locomotor, object control and stability/balance competence 
(four, five and five, respectively), suggesting that more in-
depth evaluations of these associations are required. The 
present findings support those of De Meester et al. [14], 
who identified a small association between overall and per-
ceived motor competence (r = 0.25). Previous understanding 
suggests that an individual’s accuracy of estimating motor 
competence increases with age [137]. However, because of 
insufficient study samples across different age groups (13 
and 15 years [n = 7], followed by 11–12 years [n = 4] and 
16 years and over [n = 1]), this meta-analysis was unable to 
evaluate any advances in self-evaluation ability and com-
plexity of self-description that occur during adolescence. 
Additionally, maturity status likely influences self-percep-
tions and may moderate the associations with motor compe-
tence [198], although no studies within this review reported 
their findings in a way to examine this hypothesis. Therefore, 
future research should compare associations between motor 
competence and perceived motor competence by age group/
stage of maturity.

The results of this meta-analysis may also reflect the 
alignment between actual and perceived motor competence 
measurements. For example, skills measured during actual 
motor competence assessments (e.g. Körperkoordinationst-
est Für Kinder—FMS) may not represent self-perceptions 
within existing broader measures (e.g. PSPP). Both Estevan 
and Barnett [22] and De Meester et al. [14] have recently 
advocated for better alignment between actual and perceived 
motor competence measurements. De Meester et al. [14] 
have called for authors to better articulate alignment and 
utilise different measures of perceived motor competence 
to assess the importance of alignment. Similarly, McGrane 
et al. [177] indicated the need for self-perception measures 
that capture differentiated perceptions of motor competence 
to a greater extent (e.g. PSPMSC—FMS). Thus, as our 
understanding of actual competence continues to develop 
(e.g. foundational movement skills [13], athleticism [18]), 
there is a need for commensurate development and align-
ment of perceived motor competence measurements with a 
particular research focus on process versus product motor 
competence measures and the variety of perceived motor 
competence measures available.

Self-Efficacy/Confidence Within this meta-analysis, only 
three studies reported associations between motor com-
petence and self-efficacy/confidence. However, as per the 
definition of athleticism, youth engage with confidence as 
well as actual/perceived competence [1], suggesting that a 
greater understanding of this interaction is required. Again, 
as our understanding of actual competence develops, self-
efficacy/confidence might be best understood related to spe-
cific motor competencies that are assessed. Consequently, 

more research exploring how perceived motor competence 
and self-efficacy/confidence are associated with actual motor 
competence is required.

Motivation Motor competence and motivation associa-
tions were trivial to small, with only overall competence 
represented by enough study samples (n = 4). Developing 
approaches to accurately determine motor competence can 
provide individuals with more realistic expectations of their 
competence, reduce the incidence of unsuccessful outcomes 
and reduce the incidence of lower motivation [36, 199]. Pre-
vious studies have found that significant amounts of autono-
mous motivation are explained by an adolescent’s perceived 
motor competence [200, 201]. However, most studies (3/5 
studies) within this meta-analysis reported motivation via 
relative autonomy index scores. Thus, it is unclear how dif-
ferent components of motivation influence this association, 
although we hypothesise that greater motor competence 
is associated with greater autonomy for physical activity. 
Additional research is required to evaluate this association 
amongst adolescents and should account for the effect of 
perceived motor competence. Nevertheless, practitioners 
should promote success for all adolescents to encourage 
autonomous motivation and participation in physical activ-
ity, regardless of an individual’s actual motor competence 
[36, 200].

4.4 � Moderator Variables

Overall, potential moderators (i.e. sex, age, type of motor 
competence assessment) produced a limited influence on the 
strength or orientation of motor competence associations 
during adolescence. However, a moderator analysis identi-
fied three significant findings. First, the association between 
object control competence and physical activity was greater 
for male individuals compared with female individuals. Dur-
ing motor competence assessments, male individuals often 
outperform female individuals in power and strength tasks, 
while female individuals perform better than male individu-
als during fine motor tasks, flexibility and balance [202]. 
Three out of five studies in this meta-analysis compared 
male and female associations between object control com-
petence and physical activity using product measures (e.g. 
throwing). Such skills are complex multi-segmental motions 
that require energy transfer and timing [203, 204]. Inadvert-
ently, this may explain the presented sex difference, as object 
control tasks require a prerequisite of strength and power to 
achieve desired outcomes.

Second, the overall competence and physical activ-
ity association was greater in studies using product motor 
competence assessments versus process assessments. This 
difference contradicts recent evidence in children, which 
suggests that process and product assessments are poor at 
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explaining the variance in children’s physical activity [205]. 
Thus, this finding may suggest that as individuals develop 
into adolescence, successful physical activity engagement is 
synonymous with an individual’s ability to perform desired 
outcomes within the activities being explored, regardless of 
the technique behind it.

Last, the overall competence and weight status associa-
tion was greater for studies with a mean age between 13 and 
15 years, compared with studies with a mean age between 
11 and 12 years. Indeed, excess weight can hinder the long-
term development of motor competence [206]. This find-
ing may therefore represent the negative trajectories of the 
developmental model [21] (i.e. poor weight status and motor 
competence leads to reduced physical activity, fewer oppor-
tunities to develop motor competence, and therefore, results 
in further weight gain as an individual develops). However, 
caution is needed when interpreting this finding, owing to 
the large difference in study samples within this moderator 
comparison (13 study samples for age 13–15 years; six study 
samples for age 11–12 years). Therefore, future research 
should explore the effects of age on motor competence and 
weight status associations.

Overall, the limited moderator findings are attributed 
to a lack of study samples per moderator, association and 
motor competence domain to draw meaningful conclusions. 
Thus, this section highlights the need for research exploring 
potential moderators (i.e. age, sex and type of motor com-
petence assessment) for each motor competence domain to 
fully understand any moderator effects.

4.5 � Strengths and Limitations

This systematic review with a meta-analysis is novel given 
the sole focus on adolescents owing to currently poor health-
related trends during this stage of physical and psychosocial 
development. However, this review only included studies 
published in English, and important information may have 
been missed from non-English publications. Nevertheless, 
evidence was evaluated from 16 countries, which represents 
a broad overview of the associations between motor com-
petence, physical activity, physical fitness and psychosocial 
characteristics in adolescence. Second, studies of physically/
cognitively impaired adolescents were not included because 
of the already broad nature of this review. A previous review 
could not determine if the association between motor compe-
tence and perceived motor competence was stronger for typi-
cally developing or physically/cognitively impaired individ-
uals because of a lack of study samples [14]. Consequently, 
it was beyond the scope of this review to further explore this 
comparison amongst adolescents. Nevertheless, this review 
highlighted the limited evidence regarding the influence of 
maturity status on the associations between motor compe-
tence and physical activity, physical fitness and psychosocial 

characteristics during adolescence. Furthermore, this review 
followed the updated PRISMA guidelines [48], included 
numerous database searches throughout the review process, 
followed clear and robust inclusion/exclusion criteria and 
utilised a second reviewer for screening purposes (title/
abstract/full-text screening, study bias assessment).

5 � Practical Applications

This review with meta-analysis provides several practi-
cal applications. First, researchers should (where feasible) 
include longitudinal assessments across adolescence, utilise 
combined motor competence tools (i.e. process and product), 
report overall and process/product scores, report scores for 
different motor competence domains (e.g. object control, 
stability/balance) and consider how maturity status influ-
ences such associations. Second, those seeking to design 
interventions to improve health-related outcomes in ado-
lescence should focus on the synergistic development of 
motor competence, physical fitness and psychosocial char-
acteristics (rather than focusing on sports alone) to increase 
physical activity opportunities. Adolescence is a complex 
and challenging period of the lifespan consisting of physical 
[38, 39, 42] and psychosocial changes [43–45], and organi-
sations and practitioners need to recognise such complexi-
ties and collaborate to support continual development. For 
example, reflecting on current motor competence, physi-
cal fitness and psychosocial practices, and evaluating the 
importance of these characteristics can spark awareness of 
the developmental needs for different stages of maturity (e.g. 
[207].). Recent research (e.g. [2, 208–210].) also clarifies 
the goals and realities of an adolescent’s long-term devel-
opmental needs and provides suitable recommendations that 
practitioners and organisations can adopt to promote a fitter, 
healthier and more physically active adolescent population. 
However, it is apparent that such research needs translating 
into useful resources for coaches, teachers and organisations 
to utilise within their environments.

6 � Conclusions

This paper aimed to (1) analyse the scientific literature eval-
uating associations between motor competence and physical 
activity, physical fitness and/or psychosocial characteristics 
amongst adolescents; (2) evaluate the associations between 
motor competence and physical activity, physical fitness 
characteristics and/or psychosocial characteristics amongst 
adolescents; and (3) investigate the impact of moderator 
variables (i.e. age, sex, type of motor competence assess-
ment) on these associations. This study expands on previ-
ous reviews (e.g. [12, 25].), by focusing on adolescents, 
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exploring broader physical fitness components of athleti-
cism (e.g. muscular power, speed, agility) and discussing 
the potential influence of maturity status on associations. 
The risk of bias assessment highlighted suboptimal report-
ing of sampling methods, participant characteristics and the 
validity of physical activity/physical fitness/psychosocial 
measures. Furthermore, this review supports the need for 
longitudinal exploration of the Stodden et al. [21] devel-
opmental model during adolescence [12, 14, 25, 28, 29]. 
Present findings highlight several methodological differ-
ences when measuring motor competence, physical activ-
ity, physical fitness and psychosocial characteristics. Spe-
cifically, studies favoured either process or product motor 
competence evaluations, which when used independently, 
provide a limited overview of an individual’s motor com-
petence [182]. Finally, the review showed that few studies 
considered the influence of maturity status on motor compe-
tence associations, even though adolescents can experience 
a transient decline in coordination during peak growth (i.e. 
circa-PHV; [12]).

The current meta-analyses support previous evidence [12, 
14, 25–28, 47] exploring the hypothesised motor compe-
tence associations [21] and identified positive associations 
between motor competence and physical activity, composite 
fitness scores, muscular endurance, muscular power, mus-
cular strength, cardiovascular endurance, perceived motor 
competence and motivation, in addition to inverse associa-
tions between motor competence and weight status, speed 
and agility. Interventions to enhance an adolescent’s health 
and well-being should synergistically target motor compe-
tence, physical and psychosocial development. However, 
improved evaluations of these characteristics are required 
to better inform such interventions during adolescence.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40279-​023-​01886-1.

Declarations 

Funding  No sources of funding were used to assist in the preparation 
of this article.

Conflicts of Interest/Competing Interests  Alan Burton, Ian Cowburn, 
Ffion Thompson, Joey Eisenmann, Ben Nicholson and Kevin Till have 
no potential conflicts of interest concerning the research, content, au-
thorship and/or publication of this review.

Ethics Approval  Approval was obtained from the Ethics Committee of 
Leeds Beckett University. The procedures used in this study comply 
with the ethical standards of the Declaration of Helsinki.

Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

Availability of Data and Material  The datasets generated and/or ana-
lysed during this study are available from the corresponding author 
upon reasonable request.

Authors’ Contributions  All the authors contributed to the manuscript, 
including the conception and design of the study, analysis and cri-
tique of the data, and drafting and revising the manuscript. All authors 
approved the final manuscript.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Lloyd RS, Cronin JB, Faigenbaum AD, Haff GG, Howard R, 
Kraemer WJ, et al. National Strength and Conditioning Asso-
ciation position statement on long-term athletic development. J 
Strength Cond Res. 2016;30(6):1491–509.

	 2.	 Till K, Bruce A, Green T, Morris SJ, Boret S, Bishop CJ. 
Strength and conditioning in schools: a strategy to optimise 
health, fitness and physical activity in youths. Br J Sports Med. 
2022;56(9):479–80.

	 3.	 Sandercock GRH, Cohen DD. Temporal trends in muscular fit-
ness of English 10-year-olds 1998–2014: an allometric approach. 
J Sci Med Sport. 2019;22(2):201–5.

	 4.	 Sandercock GRH, Ogunleye A, Voss C. Six-year changes in body 
mass index and cardiorespiratory fitness of English schoolchil-
dren from an affluent area. Int J Obes. 2015;39(10):1504–7.

	 5.	 Eitzen DS, Sage GH. Sociology of north American sport. 8th 
ed. Boulder: Paradigm Publishers; 2009.

	 6.	 Visek AJ, Achrati SM, Mannix HM, McDonnell K, Harris 
BS, Dipietro L. The Fun Integration Theory: toward sustain-
ing children and adolescents sport participation. J Phys Act 
Health. 2015;12(3):424–33.

	 7.	 Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, 
Cardon G, et al. World Health Organization 2020 guidelines 
on physical activity and sedentary behaviour. Br J Sports Med. 
2020;54(24):1451–62.

	 8.	 Aubert S, Barnes JD, Abdeta C, Abi Nader P, Adeniyi AF, 
Aguilar-Farias N, et al. Global Matrix 3.0 physical activity 
report card grades for children and youth: results and analysis 
from 49 countries. J Phys Act Health. 2018;15(S2):S251–73.

	 9.	 Health Survey for England. 2016. https://​digit​al.​nhs.​uk/​data-​
and-​infor​mation/​publi​catio​ns/​stati​stical/​health-​survey-​for-​
engla​nd/​health-​survey-​for-​engla​nd-​2016. Accessed 1 Dec 
2020.

	 10.	 Ogden CL, Carroll MD, Lawman HG, Fryar CD, Kruszon-
Moran D, Kit BK, et al. Trends in obesity prevalence among 
children and adolescents in the United States, 1988–1994 
through 2013–2014. JAMA. 2016;315(21):2292.

	 11.	 Gallahue DL, Ozmun JC, Goodway JD. Understanding motor 
development: infants, children, adolescents, adults. 7th ed. 
New York: McGraw-Hill; 2012.

https://doi.org/10.1007/s40279-023-01886-1
http://creativecommons.org/licenses/by/4.0/
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/health-survey-for-england-2016
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/health-survey-for-england-2016
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/health-survey-for-england-2016


	 A. M. Burton et al.

	 12.	 Cattuzzo MT, Dos Santos HR, Re AH, de Oliveira IS, Melo 
BM, de Sousa MM, et al. Motor competence and health related 
physical fitness in youth: a systematic review. J Sci Med Sport. 
2016;19(2):123–9.

	 13.	 Hulteen RM, Morgan PJ, Barnett LM, Stodden DF, Lubans DR. 
Development of foundational movement skills: a conceptual 
model for physical activity across the lifespan. Sports Med. 
2018;48(7):1533–40.

	 14.	 De Meester A, Barnett LM, Brian A, Bowe SJ, Jimenez-Diaz 
J, Van Duyse F, et al. The relationship between actual and per-
ceived motor competence in children, adolescents and young 
adults: a systematic review and meta-analysis. Sports Med. 
2020;50(11):2001–49.

	 15.	 Barnett LM, Stodden D, Cohen KE, Smith JJ, Lubans DR, 
Lenoir M, et al. Fundamental movement skills: an important 
focus. J Teach Phys Educ. 2016;35(3):219–25.

	 16.	 Whitehead M. Physical literacy: throughout the lifecourse. 
London: Routledge; 2010.

	 17.	 Colvin AV, Markos NJE, Walker PJ. Teaching fundamental 
motor skills. 3rd ed. Champaign: Human Kinetics; 2016.

	 18.	 Radnor JM, Moeskops S, Morris SJ, Mathews TA, Kumar 
NTA, Pullen BJ, et al. Developing athletic motor skill compe-
tencies in youth. Strength Cond J. 2020;42(6):54–70.

	 19.	 Adolph KE, Hoch JE. Motor development: embodied, 
embedded, enculturated, and enabling. Annu Rev Psychol. 
2019;4(70):141–64.

	 20.	 Rudd JR, Pesce C, Strafford BW, Davids K. Physical literacy: 
a journey of Individual enrichment: an ecological dynamics 
rationale for enhancing performance and physical activity in 
all. Front Psychol. 2020;11:1904.

	 21.	 Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, 
Rudisill ME, Garcia C, et al. A developmental perspective 
on the role of motor skill competence in physical activity: an 
emergent relationship. Quest. 2008;60(2):290–306.

	 22.	 Estevan I, Barnett LM. Considerations related to the definition, 
measurement and analysis of perceived motor competence. 
Sports Med. 2018;48(12):2685–94.

	 23.	 Seefeldt V. Developmental motor patterns: implications for 
elementary school physical fitness. In: Nadeau CH, Halliwell 
WR, Newell KC, Roberts GC, editors. Psychology of motor 
behavior and sport. Champaign: Human Kinetics; 1980. p. 
314–23.

	 24.	 Stodden DF, Langendorfer SJ, Roberton MA. The association 
between motor skill competence and physical fitness in young 
adults. Res Q Exerc Sport. 2009;80(2):223–9.

	 25.	 Lubans DR, Morgan PJ, Cliff DP, Barnett LM, Okely AD. Fun-
damental movement skills in children and adolescents. Sports 
Med. 2010;40(12):1019–35.

	 26.	 Holfelder B, Schott N. Relationship of fundamental movement 
skills and physical activity in children and adolescents: a system-
atic review. Psychol Sport Exerc. 2014;15(4):382–91.

	 27.	 Logan SW, Kipling Webster E, Getchell N, Pfeiffer KA, Robin-
son LE. Relationship between fundamental motor skill compe-
tence and physical activity during childhood and adolescence: a 
systematic review. Kinesiol Rev. 2015;4(4):416–26.

	 28.	 Robinson LE, Stodden DF, Barnett LM, Lopes VP, Logan 
SW, Rodrigues LP, et al. Motor competence and its effect on 
positive developmental trajectories of health. Sports Med. 
2015;45(9):1273–84.

	 29.	 Barnett LM, Webster EK, Hulteen RM, De Meester A, Valentini 
NC, Lenoir M, et al. Through the looking glass: a systematic 
review of longitudinal evidence, providing new insight for motor 
competence and health. Sports Med. 2022;52(4):875–920.

	 30.	 Barnett LM, Van Beurden E, Morgan PJ, Brooks LO, Beard JR. 
Does childhood motor skill proficiency predict adolescent fit-
ness? Med Sci Sports Exerc. 2008;40(12):2137–44.

	 31.	 Hands B. Changes in motor skill and fitness measures among 
children with high and low motor competence: a five-year lon-
gitudinal study. J Sci Med Sport. 2008;11(2):155–62.

	 32.	 Hardy LL, Reinten-Reynolds T, Espinel P, Zask A, Okely AD. 
Prevalence and correlates of low fundamental movement skill 
competency in children. Pediatrics. 2012;130(2):e390–8.

	 33.	 Lopes VP, Stodden DF, Bianchi MM, Maia JA, Rodrigues LP. 
Correlation between BMI and motor coordination in children. J 
Sci Med Sport. 2012;15(1):38–43.

	 34.	 Stodden DF, Gao Z, Goodway JD, Langendorfer SJ. Dynamic 
relationships between motor skill competence and health-related 
fitness in youth. Pediatr Exerc Sci. 2014;26(3):231–41.

	 35.	 Okely AD, Booth ML, Chey T. Relationships between body com-
position and fundamental movement skills among children and 
adolescents. Res Q Exerc Sport. 2004;75(3):238–47.

	 36.	 De Meester A, Maes J, Stodden D, Cardon G, Goodway J, 
Lenoir M, et al. Identifying profiles of actual and perceived 
motor competence among adolescents: associations with moti-
vation, physical activity, and sports participation. J Sports Sci. 
2016;34(21):2027–37.

	 37.	 Lloyd RS, Oliver JL, Faigenbaum AD, Howard R, De Ste 
Croix MB, Williams CA, et al. Long-term athletic develop-
ment. Part 1: a pathway for all youth. J Strength Cond Res. 
2015;29(5):1439–50.

	 38.	 Lloyd RS, Oliver JL, Faigenbaum AD, Myer GD, De Ste Croix 
MBA. Chronological age vs. biological maturation: implica-
tions for exercise programming in youth. J Strength Cond Res. 
2014;28(5):1454–64.

	 39.	 Towlson C, Salter J, Ade JD, Enright K, Harper LD, Page RM, 
et al. Maturity-associated considerations for training load, injury 
risk, and physical performance in youth soccer: one size does not 
fit all. J Sport Health Sci. 2020;10(4):403–12.

	 40.	 Lloyd RS, Oliver JL. The youth physical development model: a 
new approach to long-term athletic development. Strength Cond 
J. 2012;24(3):61–72.

	 41.	 Beunen G, Malina RM. Growth and physical performance rela-
tive to the timing of the adolescent spurt. Exerc Sport Sci Rev. 
1988;16(1):503–40.

	 42.	 Quatman-Yates CC, Quatman CE, Meszaros AJ, Paterno MV, 
Hewett TE. A systematic review of sensorimotor function during 
adolescence: a developmental stage of increased motor awkward-
ness? Br J Sports Med. 2012;46(9):649–55.

	 43.	 Strandjord SE, Rome ES. Growth and development in the 
young athlete. In: Colvin AC, Gladstone JN, editors. The 
young tennis player: injury prevention and treatment. Cham: 
Springer; 2016. p. 19–36.

	 44.	 Nigg JT. Annual research review: on the relations among self-
regulation, self-control, executive functioning, effortful con-
trol, cognitive control, impulsivity, risk-taking, and inhibition 
for developmental psychopathology. J Child Psychol Psychia-
try. 2017;58(4):361–83.

	 45.	 Dennison M, Whittle S, Yucel M, Vijayakumar N, Kline A, 
Simmons J, et al. Mapping subcortical brain maturation during 
adolescence: evidence of hemisphere- and sex-specific longi-
tudinal changes. Dev Sci. 2013;16(5):772–91.

	 46.	 Sallis JF, Bull F, Guthold R, Heath GW, Inoue S, Kelly P, et al. 
Progress in physical activity over the Olympic quadrennium. 
Lancet. 2016;388(10051):1325–36.

	 47.	 Barnett LM, Lai SK, Veldman SLC, Hardy LL, Cliff DP, Mor-
gan PJ, et al. Correlates of gross motor competence in children 
and adolescents: a systematic review and meta-analysis. Sports 
Med. 2016;46(11):1663–88.

	 48.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann 
TC, Mulrow CD, et  al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 
2021;29(372): n71.



Motor Competence, Physical Activity, Fitness and Psychosocial Characteristics in Adolescents

	 49.	 Hinde S, Spackman E. Bidirectional citation searching to com-
pletion: an exploration of literature searching methods. Phar-
macoeconomics. 2015;33(1):5–11.

	 50.	 Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Pet-
ticrew M, et al. Preferred reporting items for systematic review 
and meta-analysis protocols (PRISMA-P) 2015: elaboration 
and explanation. BMJ. 2015;2(350): g7647.

	 51.	 Peterson RA, Brown SP. On the use of beta coefficients in 
meta-analysis. J Appl Psychol. 2005;90(1):175–81.

	 52.	 Roth PL, Le H, Oh IS, Van Iddekinge CH, Bobko P. Using 
beta coefficients to impute missing correlations in meta-
analysis research: reasons for caution. J Appl Psychol. 
2018;103(6):644–58.

	 53.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, 
Vandenbroucke JP, et al. The Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) state-
ment: guidelines for reporting observational studies. Prev Med. 
2007;45(4):247–51.

	 54.	 Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 
Statement: updated guidelines for reporting parallel group ran-
domised trials. BMC Med. 2010;8:18.

	 55.	 Kalaja S, Jaakkola T, Liukkonen J, Watt A. Fundamental move-
ment skills and motivational factors influencing engagement in 
physical activity. Percept Mot Skills. 2010;111(1):115–28.

	 56.	 Tadiotto MC, Duncan M, Mota J, Moraes-Junior FB, Corazza 
PRP, Czoczuk M, et al. Excess adiposity and low physical fit-
ness hamper Supine-to-Stand test performance among seden-
tary adolescents. J Pediatr (Rio J). 2021;97(6):658–64.

	 57.	 Gísladóttir T, Haga M, Sigmundsson H. Motor competence in 
adolescents: exploring association with physical fitness. Sports 
(Basel). 2019;7(7):176.

	 58.	 Huotari P, Heikinaro-Johansson P, Watt A, Jaakkola T. Fun-
damental movement skills in adolescents: secular trends from 
2003 to 2010 and associations with physical activity and BMI. 
Scand J Med Sci Sports. 2018;28(3):1121–9.

	 59.	 Nicholson B, Dinsdale A, Jones B, Till K. The training of 
short distance sprint performance in football code ath-
letes: a systematic review and meta-analysis. Sports Med. 
2021;51(6):1179–207.

	 60.	 Gurevitch J, Koricheva J, Nakagawa S, Stewart G. Meta-
analysis and the science of research synthesis. Nature. 
2018;555(7695):175–82.

	 61.	 Cohen J. Statistical power analysis for the behavioral sciences. 
2nd ed. Mahwah: Lawrence Erlbaum; 1988.

	 62.	 Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive 
statistics for studies in sports medicine and exercise science. Med 
Sci Sports Exerc. 2009;41(1):3–13.

	 63.	 Hopkins WG. A Scale of magnitudes for effect statistics: a new 
view of statistics. 2006. http://​sport​sci.​org/​resou​rce/​stats/​effec​
tmag.​html. Accessed 2 Mar 2022.

	 64.	 Higgins JP, Thompson KG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ. 2003;327:557–60.

	 65.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21(11):1539–58.

	 66.	 Lubans DR, Smith JJ, Harries SK, Barnett LM, Faigenbaum 
AD. Development, test-retest reliability, and construct validity 
of the resistance training skills battery. J Strength Cond Res. 
2014;28(5):1373–80.

	 67.	 Barnett LM, Morgan PJ, Van Beurden E, Ball K, Lubans DR. 
A reverse pathway? Actual and perceived skill proficiency and 
physical activity. Med Sci Sports Exerc. 2011;43(5):898–904.

	 68.	 Estevan I, Menescardi C, Castillo I, Molina-Garcia J, Garcia-
Masso X, Barnett LM. Perceived movement skill competence 
in stability: validity and reliability of a pictorial scale in early 
adolescents. Scand J Med Sci Sports. 2021;31(5):1135–43.

	 69.	 Nikolaos K. Anthropometric and fitness profiles of young basket-
ball players according to their playing position and time. J Phys 
Educ Sport. 2015;15(1):82–7.

	 70.	 McGrane B, Belton S, Powell D, Issartel J. The relation-
ship between fundamental movement skill proficiency and 
physical self-confidence among adolescents. J Sports Sci. 
2017;35(17):1709–14.

	 71.	 Okely AD, Booth ML, Patterson JW. Relationship of physical 
activity to fundamental movement skills among adolescents. Med 
Sci Sports Exerc. 2001;33(11):1899–904.

	 72.	 Pichardo AW, Oliver JL, Harrison CB, Maulder PS, Lloyd RS, 
Kandoi R. The influence of maturity offset, strength, and move-
ment competency on motor skill performance in adolescent 
males. Sports (Basel). 2019;7(7):168.

	 73.	 Okely AD, Booth ML, Patterson JW. Relationship of cardiores-
piratory endurance to fundamental movement skill proficiency 
among adolescents. Pediatr Exerc Sci. 2001;13(4):380–91.

	 74.	 Hands B, Larkin D, Parker H, Straker L, Perry M. The rela-
tionship among physical activity, motor competence and health-
related fitness in 14-year-old adolescents. Scand J Med Sci 
Sports. 2009;19(5):655–63.

	 75.	 McGrane B, Powell D, Belton S, Issartel J. Investigation into the 
relationship between adolescents’ perceived and actual funda-
mental movement skills and physical activity. J Mot Learn Dev. 
2018;6(s2):S424–39.

	 76.	 Philpott C, Donovan B, Belton S, Lester D, Duncan M, Cham-
bers F, et al. Investigating the age-related association between 
perceived motor competence and actual motor competence in 
adolescence. Int J Environ Res Public Health. 2020;17(17):6361.

	 77.	 Chen H, Housner L. The relationship among health-related fit-
ness, motor skills performance, and physical activity in middle 
school students. Asian J Exerc Sports Sci. 2013;10(2):11–3.

	 78.	 Woods CT, McKeown I, Keogh J, Robertson S. The asso-
ciation between fundamental athletic movements and physi-
cal fitness in elite junior Australian footballers. J Sports Sci. 
2018;36(4):445–50.

	 79.	 Chagas DDV, Batista LA. Interrelationships among motor coor-
dination, body fat, and physical activity in adolescent boys. Mot 
Control. 2019;23(3):294–303.

	 80.	 Deprez D, Valente-Dos-Santos J, Coelho ESM, Lenoir M, Philip-
paerts RM, Vaeyens R. Modeling developmental changes in 
yo-yo intermittent recovery test level 1 in elite pubertal soccer 
players. Int J Sports Physiol Perform. 2014;9(6):1006–12.

	 81.	 Rigoli D, Piek JP, Kane R. Motor coordination and psychoso-
cial correlates in a normative adolescent sample. Pediatrics. 
2012;129(4):e892-900.

	 82.	 Ryan D, McCall A, Fitzpatrick G, Hennessy L, Meyer T, McCunn 
R. The influence of maturity status on movement quality among 
English Premier League academy soccer players. Sport Perf Sci 
Rep. 2018;32(1):1–3.

	 83.	 Smith JJ, DeMarco M, Kennedy SG, Kelson M, Barnett LM, 
Faigenbaum AD, et  al. Prevalence and correlates of resist-
ance training skill competence in adolescents. J Sports Sci. 
2018;36(11):1241–9.

	 84.	 Nunez-Gaunaurd A, Moore JG, Roach KE, Miller TL, Kirk-
Sanchez NJ. Motor proficiency, strength, endurance, and physical 
activity among middle school children who are healthy, over-
weight, and obese. Pediatr Phys Ther. 2013;25(2):130–8 (discus-
sion 9).

	 85.	 Kalaja S, Jaakkola T, Watt A, Liukkonen J, Ommundsen Y. The 
associations between seventh grade Finnish students’ motiva-
tional climate, perceived competence, self-determined moti-
vation, and fundamental movement skills. Eur Phy Educ Rev. 
2010;15(3):315–35.

	 86.	 Kramer TA, Sacko RS, Pfeifer CE, Gatens DR, Goins JM, Stod-
den DF. The association between the Functional Movement 

http://sportsci.org/resource/stats/effectmag.html
http://sportsci.org/resource/stats/effectmag.html


	 A. M. Burton et al.

Screen™, Y-Balance Test, and physical performance tests in 
male and female high school athletes. Int J Sports Phys Ther. 
2019;14(6):911–9.

	 87.	 Jaakkola T, Kalaja S, Liukkonen J, Jutila A, Virtanen P, Watt A. 
Relations among physical activity patterns, lifestyle activities, 
and fundamental movement skills for Finnish students in grade 
7. Percept Mot Skills. 2009;108(1):97–111.

	 88.	 Haugen T, Ommundsen Y, Seiler S. The relationship between 
physical activity and physical self-esteem in adolescents: the role 
of physical fitness indices. Pediatr Exerc Sci. 2013;25(1):138–53.

	 89.	 Rogers V, Barnett LM, Lander N. The relationship between fun-
damental movement skills and physical self-perception among 
adolescent girls. J Mot Learn Dev. 2018;6(s2):S378–90.

	 90.	 Vedul-Kjelsas V, Sigmundsson H, Stensdotter AK, Haga M. 
The relationship between motor competence, physical fit-
ness and self-perception in children. Child Care Health Dev. 
2012;38(3):394–402.

	 91.	 O’Brien W, Belton S, Issartel J. The relationship between adoles-
cents’ physical activity, fundamental movement skills and weight 
status. J Sports Sci. 2016;34(12):1159–67.

	 92.	 Chang WD, Chou LW, Chang NJ, Chen S. Comparison of 
Functional Movement Screen, Star Excursion Balance Test, and 
physical fitness in junior athletes with different sports injury risk. 
Biomed Res Int. 2020;2020:8690540.

	 93.	 Gu X, Zhang T, Chu TLA, Keller MJ, Zhang X. The direct 
and indirect effects of motor competence on adolescents’ men-
tal health through health-related physical fitness. J Sports Sci. 
2019;37(17):1927–33.

	 94.	 Gu X, Zhang T, Chu TLA, Zhang X, Thomas TK. Do physically 
literate adolescents have better academic performance? Percept 
Mot Skills. 2019;126(4):585–602.

	 95.	 Chagas DDV, Batista LA. Relationships among motor coor-
dination, body mass index and physical activity in adoles-
cents with different weight status. Arch De Med Del Deporte. 
2019;36(2):69–73.

	 96.	 Chagas DDV, Coutinho A, Joia MC, Marinho B, Ribeiro 
M, Michel C. Do adolescents with low motor competence 
have increased risk for overweight and obesity? Child Obes. 
2021;17(5):322–8.

	 97.	 Kokstejn J, Musalek M, Wolanski P, Murawska-Cialowicz E, 
Stastny P. Fundamental motor skills mediate the relationship 
between physical fitness and soccer-specific motor skills in 
young soccer players. Front Physiol. 2019;10:596.

	 98.	 Estevan I, Bardid F, Utesch T, Menescardi C, Barnett LM, Cas-
tillo I. Examining early adolescents’ motivation for physical edu-
cation: associations with actual and perceived motor competence. 
Phys Educ Sport Pedagogy. 2020;26(4):359–74.

	 99.	 Huhtiniemi M, Sääkslahti A, Tolvanen A, Watt A, Jaak-
kola T. The relationships among motivational climate, per-
ceived competence, physical performance, and affects during 
physical education fitness testing lessons. Eur Phy Educ Rev. 
2021;28(3):594–612.

	100.	 Pullen BJ, Oliver JL, Lloyd RS, Knight CJ. Relationships 
between athletic motor skill competencies and maturity, sex, 
physical performance, and psychological constructs in boys and 
girls. Children (Basel). 2022;9(3):375–93.

	101.	 Kovac D, Krkeljas Z, Spasovski D, Grbic V, Miceta L. Functional 
movement screen proficiency of adolescent female volleyball 
players. Phys Act Rev. 2021;9(2):76–81.

	102.	 Philpott C, Utesch T, Belton S, Donovan B, Chambers F, 
Lester D, et al. Effects of an 8-week intervention targeting the 
veridicality of actual and perceived motor competence among 
Irish adolescents in Project FLAME. Percept Mot Skills. 
2021;128(5):2186–210.

	103.	 Chagas DDV, Marinho B. Exploring the importance of motor 
competence for behavioral and health outcomes in youth. Percept 
Mot Skills. 2021;128(6):2544–60.

	104.	 Britton U, Belton S, Issartel J. Small fish, big pond: the role 
of health-related fitness and perceived athletic competence in 
mediating the physical activity-motor competence relationship 
during the transition from primary to secondary school. J Sports 
Sci. 2019;37(22):2538–48.

	105.	 Chagas DDV, Mohebbi M, Barnett LM. How important is motor 
competence for healthy weight status across adolescence? Child 
Obes. 2021;17(3):220–7.

	106.	 Chagas DDV, Batista LA. Interrelationships among motor coor-
dination, body fat percentage, and physical activity in adolescent 
girls. Hum Mov. 2015;16(1):4–8.

	107.	 Chagas DDV, Batista LA. Associations between motor coordi-
nation and BMI in normal weight and overweight/obese adoles-
cents. J Hum Growth Dev. 2016;26(3):380–4.

	108.	 Gísladóttir T, Haga M, Sigmundsson H. Motor compe-
tence and physical fitness in adolescents. Pediatr Phys Ther. 
2014;26(1):69–74.

	109.	 Herrmann C, Seelig H. “I can dribble!” On the relationship 
between children’s motor competencies and corresponding self-
perceptions. Ger J Exerc Sport Res. 2017;47(4):324–34.

	110.	 Hulteen RM, Barnett LM, Morgan PJ, Robinson LE, Barton CJ, 
Wrotniak BH, et al. Determining the initial predictive validity of 
the Lifelong Physical Activity Skills Battery. J Mot Learn Dev. 
2018;6(2):301–14.

	111.	 Jaakkola T, Hakonen H, Kankaanpaa A, Joensuu L, Kulmala J, 
Kallio J, et al. Longitudinal associations of fundamental move-
ment skills with objectively measured physical activity and 
sedentariness during school transition from primary to lower 
secondary school. J Sci Med Sport. 2019;22(1):85–90.

	112.	 Jaakkola T, Washington T. The relationship between funda-
mental movement skills and self-reported physical activity 
during Finnish junior high school. Phys Educ Sport Pedagogy. 
2013;18(5):492–505.

	113.	 Jaakkola T, Yli-Piipari S, Huhtiniemi M, Salin K, Seppala 
S, Hakonen H, et  al. Longitudinal associations among car-
diorespiratory and muscular fitness, motor competence and 
objectively measured physical activity. J Sci Med Sport. 
2019;22(11):1243–8.

	114.	 Jaakkola T, Yli-Piipari S, Huotari P, Watt A, Liukkonen J. Fun-
damental movement skills and physical fitness as predictors of 
physical activity: a 6-year follow-up study. Scand J Med Sci 
Sports. 2016;26(1):74–81.

	115.	 Jekauc D, Wagner MO, Herrmann C, Hegazy K, Woll A. Does 
physical self-concept mediate the relationship between motor 
abilities and physical activity in adolescents and young adults? 
PLoS ONE. 2017;12(1): e0168539.

	116.	 Lopes L, Silva Mota JAP, Moreira C, Abreu S, Agostinis 
Sobrinho C, Oliveira-Santos J, et  al. Longitudinal associa-
tions between motor competence and different physical activ-
ity intensities: LabMed physical activity study. J Sports Sci. 
2019;37(3):285–90.

	117.	 McGrane B, Belton S, Fairclough SJ, Powell D, Issartel J. 
Outcomes of the Y-PATH randomized controlled trial: can a 
school-based intervention improve fundamental movement 
skill proficiency in adolescent youth? J Phys Act Health. 
2018;15(2):89–98.

	118.	 Lloyd RS, Oliver JL, Radnor JM, Rhodes BC, Faigenbaum AD, 
Myer GD. Relationships between functional movement screen 
scores, maturation and physical performance in young soccer 
players. J Sports Sci. 2015;33(1):11–9.

	119.	 Smith JJ, Morgan PJ, Plotnikoff RC, Stodden DF, Lubans DR. 
Mediating effects of resistance training skill competency on 



Motor Competence, Physical Activity, Fitness and Psychosocial Characteristics in Adolescents

health-related fitness and physical activity: the ATLAS cluster 
randomised controlled trial. J Sports Sci. 2016;34(8):772–9.

	120.	 Sommerfield LM, Harrison CB, Whatman CS, Maulder PS. Rela-
tionship between strength, athletic performance, and movement 
skill in adolescent girls. J Strength Cond Res. 2022;36(3):674–9.

	121.	 Fu Y, Burns RD. Gross motor skills and school day physical 
activity: mediating effect of perceived competence. J Mot Learn 
Dev. 2018;6(2):287–300.

	122.	 Mirwald RL, Baxter-Jones AD, Bailey DA, Beunen GP. An 
assessment of maturity from anthropometric measurements. Med 
Sci Sports Exerc. 2002;34(4):689–94.

	123.	 Khamis HJ, Roche AF. Predicting adult stature without 
using skeletal age: the Khamis-Roche method. Pediatrics. 
1994;94(4):504–7.

	124.	 Kiphard EJ, Schilling F. Körperkoordinationstest Für Kinder. 2. 
Weinheim: Beltz Test GmbH; 2007.

	125.	 Department of Education V, Australia. Fundamental motor skills: 
a classroom manual for teachers. Melbourne: Community Infor-
mation Service, Department of Education, Victoria; 1996.

	126.	 Ulrich DA. Test of gross motor development. Austin: PRO-ED; 
1985.

	127.	 Ulrich DA. Test of gross motor development 2: Examiner’s 
manual. 2nd ed. Austin: PRO-ED; 2000.

	128.	 Bruininks R, Bruininks BD. Bruininks-Oseretsky Test of motor 
proficiency: examiners manual. 2nd ed. Minneapolis: NCS Pear-
son; 2005.

	129.	 Cook G, Burton L, Hoogenboom B. Pre-participation screening: 
the use of fundamental movements as an assessment of function: 
part 1. N Am J Sports Phys Ther. 2006;1(2):62–72.

	130.	 Cook G, Burton L, Hoogenboom B. Pre-participation screening: 
the use of fundamental movements as an assessment of function: 
part 2. N Am J Sports Phys Ther. 2006;1(3):132–9.

	131.	 Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. Star Excur-
sion Balance Test as a predictor of lower extremity injury in 
high school basketball players. J Orthop Sports Phys Ther. 
2006;36(12):911–9.

	132.	 America S. PE metrics: assessing national standards 1–6 in sec-
ondary school. 2nd ed. Reston: SHAPE America; 2010.

	133.	 Education NDo, Training. Get skilled: get active A K-6 resource 
to support the teaching of fundamental movement skills. Ryde: 
NSW Department of Education and Training; 2000.

	134.	 McCarron LT. McCarron assessment of neuromuscular develop-
ment. 3rd ed. Dallas: McCarron-Dial Systems Inc.; 1997.

	135.	 McKeown I, Taylor-McKeown K, Woods C, Ball N. Athletic 
ability assessment: a movement assessment protocol for athletes. 
Int J Sports Phys Ther. 2014;9(7):862–73.

	136.	 Henderson SE, Sugden DA, Barnett AL. Movement Assess-
ment Battery for Children - Second Edition (Movement ABC-2); 
examiners manual. London: Hardcourt Assessment; 2007.

	137.	 Nesbitt D, Molina S, Sacko R, Robinson LE, Brian A, Stod-
den D. Examining the feasibility of supine-to-stand as a 
measure of functional motor competence. J Mot Learn Dev. 
2018;6(2):267–86.

	138.	 Sigmundsson H, Lorås H, Haga M. Assessment of motor com-
petence across the life span. SAGE Open. 2016;6(1):1–10.

	139.	 Rogers SA, Hassmen P, Roberts AH, Alcock A, Gilleard WL, 
Warmenhoven JS. Development and reliability of an athlete 
introductory movement screen for use in emerging junior ath-
letes. Pediatr Exerc Sci. 2019;31(4):448–57.

	140.	 Myer GD, Ford KR, Hewett TE. Tuck Jump Assessment for 
reducing anterior cruciate ligament injury risk. Athl Ther Today. 
2008;13(5):39–44.

	141.	 Ulrich DA. Test of gross motor development-3. 3rd ed. Austin: 
Pro-Ed; 2016.

	142.	 Herrmann C, Gerlach E, Seelig H. Development and validation of 
a test instrument for the assessment of basic motor competencies 
in primary school. Meas Phys Educ Exerc Sci. 2015;19(2):80–90.

	143.	 Herrmann C, Seelig H. Structure and profiles of basic motor 
competencies in the third grade-validation of the test instrument 
MOBAK-3. Percept Mot Skills. 2017;124(1):5–20.

	144.	 Herrmann C, Seelig H. Construct validity of the MOBAK-5 test 
instrument and determinants of basic motor competencies of fifth 
graders. Ger J Exerc Sport Res. 2017;47(2):110–21.

	145.	 Hulteen RM, Barnett LM, Morgan PJ, Robinson LE, Barton CJ, 
Wrotniak BH, et al. Development, content validity and test-retest 
reliability of the Lifelong Physical Activity Skills Battery in ado-
lescents. J Sports Sci. 2018;36(20):2358–67.

	146.	 Myer GD, Kushner AM, Brent JL, Schoenfeld BJ, Hugentobler 
J, Lloyd RS, et al. The back squat: a proposed assessment of 
functional deficits and technical factors that limit performance. 
Strength Cond J. 2014;36(6):4–27.

	147.	 Kowalski KC, Crocker PRE, Faulkner RA. Validation of the 
physical activity questionnaire for older children. Pediatr Exerc 
Sci. 1997;9(2):174–86.

	148.	 Booth ML, Okely AD, Chey T, Bauman A. The reliability and 
validity of the Adolescent Physical Activity Recall Question-
naire. Med Sci Sports Exerc. 2002;34(12):1986–95.

	149.	 Philippaerts RM, Matton L, Wijndaele K, Balduck AL, De Bour-
deaudhuij I, Lefevre J. Validity of a physical activity computer 
questionnaire in 12- to 18-year-old boys and girls. Int J Sports 
Med. 2006;27(2):131–6.

	150.	 Nupponen H, Laakso L, Rimpela A, Pere L, Telama R. Ques-
tionnaire-assessed moderate to vigorous physical activity 
of the Finnish youth in 1979–2005. Scand J Med Sci Sports. 
2010;20(1):e20–6.

	151.	 Currie C, Gabhainn SN, Godeau E. Inequalities in young people’s 
health. Health behaviour in school-aged children. International 
report from the 2005/2006 survey. Health policy for children 
and adolescents no. 5. Copenhagen: WHO Regional Office for 
Europe; 2008.

	152.	 Ainsworth BE, Macera CA, Jones DA, Reis JP, Addy CL, 
Bowles HR, et  al. Comparison of the 2001 BRFSS and the 
IPAQ Physical Activity Questionnaires. Med Sci Sports Exerc. 
2006;38(9):1584–92.

	153.	 Jekauc D, Wagner MO, Kahlert D, Woll A. Reliabilität und 
Validität des MoMo-Aktivitätsfragebogens für Jugendliche 
(MoMo-AFB). Diagnostica. 2013;59(2):100–11.

	154.	 Markland D, Tobin V. A Modification to the behavioural regula-
tion in exercise questionnaire to include an assessment of amo-
tivation. J Sport Exerc Psychol. 2004;26(2):191–6.

	155.	 Pelletier LG, Tuson KM, Fortier MS, Vallerand RJ, Briére NM, 
Blais MR. Toward a new measure of intrinsic motivation, extrin-
sic motivation, and amotivation in sports: the Sport Motivation 
Scale (SMS). J Sport Exerc Psychol. 1995;17(1):35–53.

	156.	 Aelterman N, Vansteenkiste M, Van Keer H, Van Den Berghe L, 
De Meyer J, Haerens L. Students’ objectively measured physical 
activity levels and engagement as a function of between-class 
and between-student differences in motivation toward physical 
education. J Sport Exerc Psychol. 2012;34(4):457–80.

	157.	 Moreno-Murcia JA, Coll DGC, Garzón C. Preliminary validation 
in Spanish of a scale designed to measure motivation in physi-
cal education classes: the Perceived Locus of Causality (PLOC) 
Scale. Span J Psychol. 2009;12(1):327–37.

	158.	 Fox KR. The physical self-perception profile manual. Dekalb: 
University Office for Health Promotion, Northern Illinois Uni-
versity; 1990.

	159.	 Fox KR, Corbin CB. The Physical Self-Perception Profile: 
development and preliminary validation. J Sport Exerc Psychol. 
1989;11(4):408–30.



	 A. M. Burton et al.

	160.	 Barnett LM, Ridgers ND, Zask A, Salmon J. Face validity and 
reliability of a pictorial instrument for assessing fundamental 
movement skill perceived competence in young children. J Sci 
Med Sport. 2015;18(1):98–102.

	161.	 Harter S. Manual for the self-perception profile for children. Den-
ver: University of Denver; 1985.

	162.	 Whitehead JR. A study of children’s physical self-perceptions 
using an Adapted Physical Self-Perception Profile Questionnaire. 
Pediatr Exerc Sci. 1995;7:132–51.

	163.	 Marsh HW. Self-description questionnaire II: manual. Sydney: 
University of Western Sydney, SELF Research Centre; 1992.

	164.	 Sánchez-López M, Martínez-Vizcaíno V, García-Hermoso 
A, Jiménez-Pavón D, Ortega FB. Construct validity and test-
retest reliability of the International Fitness Scale (IFIS) in 
Spanish children aged 9–12 years. Scand J Med Sci Sports. 
2015;25(4):543–51.

	165.	 Wichstrøm L. Harter’s Self-Perception Profile for Adolescents: 
reliability, validity, and evaluation of the question format. J Pers 
Assess. 1995;65(1):100–16.

	166.	 Harter S. Manual for the self-perception profile for adolescents. 
Denver: University of Denver; 1988.

	167.	 Moen V, Espnes G, Estil L, Kjelsås E. Motor skills and self-
esteem in children in a private and a public school. N Z J Disabil 
Stud. 2003;10:96–116.

	168.	 Colella D, Morano M, Bortoli L, Robazza C. A physical self-
efficacy scale for children. Soc Behav Pers. 2008;36(6):841–8.

	169.	 Harter S. The Self-Perception Profile for Adolescents: manual 
and questionaires. Denver: Univeristy of Denver, Department of 
Psychology; 2012.

	170.	 Harter S. Effectance motivation reconsidered: toward a develop-
mental model. Hum Dev. 1978;21(1):34–64.

	171.	 Marsh HW, Redmayne RS. A multidimensional physical self-
concept and its relations to multiple components of physical fit-
ness. J Sport Exerc Psychol. 1994;16(1):43–55.

	172.	 Stiller J, Alfermann D. Die deutsche Übersetzung des Physi-
cal Self-Description Questionnaire (PSDQ). Z Sportpsychol. 
2007;14(4):149–61.

	173.	 Rosenberg M. Society and the adolescent self-image. 1st ed. 
Princeton: Princeton University Press; 1965.

	174.	 Scanlan TK, Carpenter PJ, Simons JP, Schmidt GW, Keeler B. 
An introduction to the sport commitment model. J Sport Exerc 
Psychol. 1993;15(1):1–15.

	175.	 Lubans DR, Morgan P, Callister R, Plotnikoff RC, Eather N, 
Riley N, et al. Test-retest reliability of a battery of field-based 
health-related fitness measures for adolescents. J Sports Sci. 
2011;29(7):685–93.

	176.	 Bandura A. Guide for constructing self-efficacy scales. In: 
Pajares F, Urdanc T, editors. Adolescence and education: self-
efficacy beliefs of adolescents. Greenwich: Information Age 
Publishing; 2006. p. 307–37.

	177.	 McGrane B, Belton S, Powell D, Woods CB, Issartel J. Physical 
self-confidence levels of adolescents: scale reliability and valid-
ity. J Sci Med Sport. 2016;19(7):563–7.

	178.	 Sterne JAC, Gavaghan D, Egger M. Publication and related bias 
in meta-analysis: power of statistical tests and prevalence in the 
literature. J Clin Epidemiol. 2000;53(11):1119–29.

	179.	 Owen C, Till K, Phibbs P, Read DJ, Weakley J, Atkinson M, 
et al. A multidimensional approach to identifying the physical 
qualities of male English regional academy rugby union players; 
considerations of position, chronological age, relative age and 
maturation. Eur J Sport Sci. 2022;23(2):178–88.

	180.	 Katzmarzyk PT, Malina RM, Song TMK, Bouchard C. Physical 
activity and health-related fitness in youth: a multivariate analy-
sis. Med Sci Sports Exerc. 1998;30(5):709–14.

	181.	 Hulteen RM, Barnett LM, True L, Lander NJ, Del Pozo CB, Lon-
sdale C. Validity and reliability evidence for motor competence 

assessments in children and adolescents: a systematic review. J 
Sports Sci. 2020;38(15):1717–98.

	182.	 Rudd J, Butson ML, Barnett L, Farrow D, Berry J, Borkoles E, 
et al. A holistic measurement model of movement competency 
in children. J Sports Sci. 2016;34(5):477–85.

	183.	 Hulteen RM, Lander NJ, Morgan PJ, Barnett LM, Robertson SJ, 
Lubans DR. Validity and reliability of field-based measures for 
assessing movement skill competency in lifelong physical activi-
ties: a systematic review. Sports Med. 2015;45(10):144–54.

	184.	 Nicholls R, Fleisig G, Elliott B, Lyman S, Osinski E. Baseball. 
Sports Biomech. 2003;2(2):213–26.

	185.	 Logan SW, Barnett LM, Goodway JD, Stodden DF. Comparison 
of performance on process- and product-oriented assessments 
of fundamental motor skills across childhood. J Sports Sci. 
2017;35(7):634–41.

	186.	 Schoemaker MM, Niemeijer AS, Flapper BC, Smits-Engelsman 
BC. Validity and reliability of the Movement Assessment Bat-
tery for Children-2 Checklist for children with and without motor 
impairments. Dev Med Child Neurol. 2012;54(4):368–75.

	187.	 Giblin S, Collins D, Button C. Physical literacy: impor-
tance, assessment and future directions. Sports Med. 
2014;44(9):1177–84.

	188.	 Longmuir PE, Boyer C, Lloyd M, Borghese MM, Knight E, 
Saunders TJ, et al. Canadian Agility and Movement Skill Assess-
ment (CAMSA): validity, objectivity, and reliability evidence for 
children 8–12 years of age. J Sport Health Sci. 2017;6(2):231–40.

	189.	 Tyler R, Foweather L, Mackintosh KA, Stratton G. A dynamic 
assessment of children’s physical competence: the Dragon Chal-
lenge. Med Sci Sports Exerc. 2018;50(12):2474–87.

	190.	 van Sluijs EMF, Ekelund U, Crochemore-Silva I, Guthold R, Ha 
A, Lubans D, et al. Physical activity behaviours in adolescence: 
current evidence and opportunities for intervention. Lancet. 
2021;398(10298):429–42.

	191.	 Martins J, Marques A, Sarmento H, Carreiro da Costa F. Ado-
lescents’ perspectives on the barriers and facilitators of physical 
activity: a systematic review of qualitative studies. Health Educ 
Res. 2015;30(5):742–55.

	192.	 Sacko RS, Brazendale K, Brian A, McIver K, Nesbitt D, Pfeifer 
C, et al. Comparison of indirect calorimetry- and accelerome-
try-based energy expenditure during object project skill perfor-
mance. Meas Phys Educ Exerc Sci. 2018;23(2):148–58.

	193.	 Lopes VP, Maia JAR, Rodrigues LP, Malina R. Motor coor-
dination, physical activity and fitness as predictors of longitu-
dinal change in adiposity during childhood. Eur J Sport Sci. 
2012;12(4):384–91.

	194.	 Chivers P, Larkin D, Rose E, Beilin L, Hands B. Low motor 
performance scores among overweight children: poor coor-
dination or morphological constraints? Hum Mov Sci. 
2013;32(5):1127–37.

	195.	 Stratton G, Oliver JL. The impact of growth and maturation on 
physical performance. In: Lloyd RS, Oliver JL, editors. Strength 
and conditioning for young athletes: science and application. 2nd 
ed. New York: Routledge; 2019. p. 3–20.

	196.	 Faigenbaum AD, Lloyd RS, MacDonald J, Myer GD. Citius, 
Altius, Fortius: beneficial effects of resistance training for young 
athletes: narrative review. Br J Sports Med. 2016;50(1):3–7.

	197.	 Meyers RW, Moeskops S, Oliver JL, Hughes MG, Cronin JB, 
Lloyd RS. Lower-limb stiffness and maximal sprint speed in 
11–16-year-old boys. J Strength Cond Res. 2019;33(7):1987–95.

	198.	 Cumming SP, Harrington DM, Davis MJ, Edwardson CL, Gorely 
T, Khunti K, et al. Maturational timing, physical self-perceptions 
and physical activity in UK adolescent females: investigation of 
a mediated effects model. Ann Hum Biol. 2020;47(4):384–90.

	199.	 Harter S. The perceived competence scale for children. Child 
Dev. 1982;53(1):87–97.



Motor Competence, Physical Activity, Fitness and Psychosocial Characteristics in Adolescents

	200.	 Ntoumanis N. A self-determination approach to the understand-
ing of motivation in physical education. Br J Educ Psychol. 
2001;71(2):225–42.

	201.	 Goudas M, Biddle S, Fox K. Perceived locus of causality, goal 
orientations, and perceived competence in school physical educa-
tion classes. Br J Educ Psychol. 1994;64(3):453–63.

	202.	 Thomas JR, French KE. Gender differences across age in motor 
performance: a meta-analysis. Psychol Bull. 1985;98(2):260.

	203.	 Stodden DF, Langendorfer SJ, Fleisig GS, Andrews JR. Kin-
ematic constraints associated with the acquisition of overarm 
throwing part I: step and trunk actions. Res Q Exerc Sport. 
2006;77(4):417–27.

	204.	 Stodden DF, Langendorfer SJ, Fleisig GS, Andrews JR. Kin-
ematic constraints associated with the acquisition of overarm 
throwing part II: upper extremity actions. Res Q Exerc Sport. 
2006;77(4):428–36.

	205.	 Hulteen RM, True L, Pfeiffer KA. Differences in associa-
tions of product- and process-oriented motor competence 
assessments with physical activity in children. J Sports Sci. 
2020;38(4):375–82.

	206.	 Greier K, Drenowatz C. Bidirectional association between weight 
status and motor skills in adolescents: a 4-year longitudinal 
study. Wien Klin Wochenschr. 2018;130(9–10):314–20.

	207.	 Burton AM, Eisenmann JC, Cowburn I, Lloyd RS, Till K. Youth 
motor competence across stages of maturity: perceptions of phys-
ical education teachers and strength and conditioning coaches. 
PLoS ONE. 2022;17(11): e0277040.

	208.	 Till K, Lloyd RS, McCormack S, Williams G, Baker J, Eisen-
mann JC. Optimising long-term athletic development: an inves-
tigation of practitioners’ knowledge, adherence, practices and 
challenges. PLoS ONE. 2022;17(1): e0262995.

	209.	 Till K, Muir B, Abraham A, Piggott D, Tee J. A framework for 
decision making within strength and conditioning. Strength Cond 
J. 2019;41(1):14–26.

	210.	 Till K, Eisenmann J, Emmonds S, Jones B, Mitchell T, Cowburn 
I, et al. A coaching session framework to facilitate long-term 
athletic development. Strength Cond J. 2021;43(3):43–55.

	211.	 Brown H, Hume C, Chin AM. Validity and reliability of instru-
ments to assess potential mediators of children’s physical activ-
ity: a systematic review. J Sci Med Sport. 2009;12(5):539–48.

	212.	 Plowman S, Mahar MT. FITNESSGRAM/ACTIVITYGRAM 
reference guide. The Cooper Institute; 2013.

	213.	 Adam C, Klissouras V, Ravazzolo M, Renson R, Tuxworth W. 
EUROFIT: European test of physical fitness. Rome: Committee 
for the Development of Sport, Council of Europe; 1988.

	214.	 Ortega FB, Artero EG, Ruiz JR, Vicente-Rodriguez G, Bergman 
P, Hagstromer M, et al. Reliability of health-related physical fit-
ness tests in European adolescents: the HELENA study. Int J 
Obes (Lond). 2008;32(Suppl. 5):S49-57.

	215.	 Ortega FB, Artero EG, Ruiz JR, Espana-Romero V, Jimenez-
Pavon D, Vicente-Rodriguez G, et al. Physical fitness levels 
among European adolescents: the HELENA study. Br J Sports 
Med. 2011;45(1):20–9.

	216.	 Gaya A, Gaya A. The sports project in Brazil: test and evaluation 
manual [in Portuguese]. Porto Alegre: UFRGS; 2016.

	217.	 Fjørtoft I, Pedersen AV, Sigmundsson H, Vereijken B. Testing 
children’s physical fitness- developing a new test for 4–12 years 
old children. Report (IS-1256). Oslo: The Norwegian Social and 
Health Ministry; 2003.

	218.	 Fjortoft I, Pedersen AV, Sigmundsson H, Vereijken B. Measur-
ing physical fitness in children who are 5 to 12 years old with a 
test battery that is functional and easy to administer. Phys Ther. 
2011;91(7):1087–95.

	219.	 ACHPER. Australian Fitness Education Award. Richmond: Aus-
tralian Council for Health, Physical Education and Recreation; 
1996.

	220.	 Jaakkola T, Sääkslahti A, Liukkonen J, Iivonen S. Peruskoulu-
laisten Fyysisen Toimintakyvyn Seurantajärjestelmä [The sys-
tem to develop and follow Finnish students’ physical fitness and 
motor skills]. Jyväskylä: University of Jyväskylä; 2012.

	221.	 Scanlan TK, Chow GM, Sousa C, Scanlan LA, Knifsend CA. The 
development of the Sport Commitment Questionnaire-2 (English 
version). Psychol Sport Exerc. 2016;22:233–46.

	222.	 Barkoukis V, Tsorbatzoudis H, Grouios G. Manipulation of moti-
vational climate in physical education: Effects of a seven-month 
intervention. Eur Phy Educ Rev. 2008;14(3):367–87.

	223.	 Ruiz JR, Castro-Pinero J, Espana-Romero V, Artero EG, Ortega 
FB, Cuenca MM, et al. Field-based fitness assessment in young 
people: the ALPHA health-related fitness test battery for children 
and adolescents. Br J Sports Med. 2011;45(6):518–24.

	224.	 Francis K, Feinstein R. A simple height-specific and rate-specific 
step test for children. South Med J. 1991;84(2):169–74.

	225.	 Patterson P, Wiksten DL, Ray L, Flanders C, Sanphy D. The 
validity and reliability of the back saver sit-and-reach test in mid-
dle school girls and boys. Res Q Exerc Sport. 1996;67(4):448–51.

	226.	 Nupponen H. Research reports on sport and health 106. 
Jyväskylä: LIKES Research Institute; 1997.

	227.	 Haag H, Haag G. From physical fitness to motor competence: 
aims-content-methods-evaluation. Frankfurt: Lang; 2001.

	228.	 Nupponen H, Soini H, Telama R. Koululaisten kunnon ja liike-
hallinnan mittaaminen [Measurement of school students’ physi-
cal fitness and motor skills]. Jyväskylä: Research Center for Sport 
and Health Sciences; 1999.

	229.	 Numminen P. APM inventory: manual and test booklet for 
assessing pre-school children’s perceptual and basic motor skills. 
Jyväskylä: LIKES Research Centre; 1995.

	230.	 Kalaja S, Jaakkola T, Liukkonen J. Motoriset perustaidot 
peruskoulun seitsemäsluokkalaisilla oppilailla. Liikunta Tiede. 
2009;46(1):36–44.

	231.	 Nupponen H, Telama R. Liikunta ja liikunnallisuus osana 
11–16-vuotiaiden eurooppalaisten nuorten elämäntapaa (Physi-
cal Activity and Motor Performance as Part of the Lifestyle of 
11–16-year-old European Young People). Jyväskylä: Liikun-
takasvatuksen Julkaisuja 1; 1998.

	232.	 Safrit MJ. The validity and reliability of fitness tests for children: 
a review. Pediatr Exerc Sci. 1990;2(1):9–28.

	233.	 Léger LA, Lambert J. A maximal multistage 20-m shuttle run 
test to predict V ̇O2 max. Eur J Appl Physiol Occup Physiol. 
1982;49(1):1–12.

	234.	 Kirsch A. Standard fitness test. Lehrhilfen Leibeserziehung. 
1968;17:133–40.

	235.	 Beck J, Bös K, Heil C. Normwerte motorischer Leistungsfähig-
keit: Sport und buch Strauss Köln; 1995.

	236.	 Sjöstrand T. Functional capacity and exercise tolerance in 
patients with impaired cardiovascular function. Clin Cardio-
pulmon Physiol. 1960;201.

	237.	 Boutellier U, Kundig T, Gomez U, Pietsch P, Koller EA. Respira-
tory phase detection and delay determination for breath-by-breath 
analysis. J Appl Physiol (1985). 1987;62(2):837–43.

	238.	 Mekota K, Kovar R. Unifittest (6–60): test and norms of motor 
performance and physical fitness in youth and in adult age. Olo-
mouc: Palacký University; 1995.

	239.	 Chytrackova J. Manual for manual and computer assessment of 
motor performance and selected parameters of body composition 
in youth and adult in Czech Republic. 1st ed. Prague: Charles 
University FTVS; 2002.

	240.	 Lloyd RS, Oliver JL, Hughes MG, Williams CA. Reliability 
and validity of field-based measures of leg stiffness and reactive 
strength index in youths. J Sports Sci. 2009;27(14):1565–73.



	 A. M. Burton et al.

	241.	 Oliver JL, Meyers RW. Reliability and generality of measures 
of acceleration, planned agility, and reactive agility. Int J Sports 
Physiol Perform. 2009;4(3):345–54.

	242.	 McArdle WD, Katch FI, Pechar GS, Jacobson L, Ruck S. Reli-
ability and interrelationships between maximal oxygen intake, 
physical work capacity and step-test scores in college women. 
Med Sci Sports. 1972;4(4):182–6.

	243.	 Bohannon RW. Sit-To-Stand Test for measuring performance of 
lower extremity muscles. Percept Mot Skills. 1995;80:163–6.

	244.	 Geiger R, Strasak A, Treml B, Gasser K, Kleinsasser A, Fischer 
V, et al. Six-minute walk test in children and adolescents. J Pedi-
atr. 2007;150(4):395–9 (399.e1–2).

	245.	 Zaino CA, Marchese VG, Westcott SL. Timed up and down stairs 
test: preliminary reliability and validity of a new measure of 
functional mobility. Pediatr Phys Ther. 2004;16(2):90–8.

	246.	 Megawati ER, Lubis LD, Meutia N. Correlation of anthropomet-
ric indicators and musculoskeletal fitness in elementary school 
age children. EuroMed Biomed J. 2019;14(42):176–9.

	247.	 Artero EG, Ruiz JR, Ortega FB, Espana-Romero V, Vicente-Rod-
riguez G, Molnar D, et al. Muscular and cardiorespiratory fitness 
are independently associated with metabolic risk in adolescents: 
the HELENA study. Pediatr Diabetes. 2011;12(8):704–12.

	248.	 Artero EG, Espana-Romero V, Jimenez-Pavon D, Martinez-
Gomez D, Warnberg J, Gomez-Martinez S, et al. Muscular fit-
ness, fatness and inflammatory biomarkers in adolescents. Pedi-
atr Obes. 2014;9(5):391–400.

	249.	 Henderson SE, Sugden DA. Movement Assessment Battery for 
Children. Kent: The Psychological Corporation; 1992.

	250.	 Haga M. Physical fitness in children with movement difficulties. 
Physiotherapy. 2008;94(3):253–9.


	Associations Between Motor Competence and€Physical Activity, Physical Fitness and€Psychosocial Characteristics in€Adolescents: A€Systematic Review and€Meta-analysis
	Abstract
	Background 
	Objectives 
	Methods 
	Results 
	Conclusions 
	Clinical Trial Registration 

	1 Introduction
	2 Methods
	2.1 Study Design and€Search Strategy
	2.2 Study Selection
	2.3 Data Extraction
	2.4 Risk of€Bias Assessment
	2.5 Data Analysis and€Meta-analysis
	2.6 Evaluation of€Small Study Effects

	3 Results
	3.1 Overview of€Studies
	3.2 Risk of€Bias Overview
	3.3 Meta-analysis
	3.3.1 Pooled Correlation Coefficients for€Motor Competence and€Physical Activity
	3.3.1.1 Pooled Correlation Coefficients for€Motor Competence and€Physical Fitness Characteristics 
	3.3.1.2 Pooled Correlation Coefficients for€Motor Competence and€Psychosocial Characteristics 
	3.3.1.3 Heterogeneity 
	3.3.1.4 Sensitivity 
	3.3.1.5 Evaluation of€Small Study Effects 
	3.3.1.6 Moderator Variables 



	4 Discussion
	4.1 Overview of€the€Main Findings
	4.2 Summary of€Study Methods
	4.3 Summary of€Meta-analyses
	4.3.1 Heterogeneity
	4.3.2 Association Between Motor Competence and€Physical Activity
	4.3.3 Association Between Motor Competence and€Physical Fitness
	4.3.4 Association Between Motor Competence and€Psychosocial Characteristics

	4.4 Moderator Variables
	4.5 Strengths and€Limitations

	5 Practical Applications
	6 Conclusions
	Anchor 40
	References


