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Abstract

The purpose of this study is to examine the reciprocal relationship between motor abilities
and physical activity and the mediation effects of physical self-concept in this relationship
using longitudinal data. We expect that the effects of motor abilities on physical activity are
rather indirect via physical self-concept and that the effects of physical activity on motor abil-
ities are rather direct without involvement of the motor ability self-concept. Data was
obtained from the Motorik-Modul (MoMo) Longitudinal Study in which 335 boys and 363
girls aged 11+17 years old at Baseline were examined twice in a period of six years. Physi-
cal activity was assessed by the MoMo Physical Activity Questionnaire for adolescents,
physical self-concept by Physical Self-Description Questionnaire and motor abilities by
MoMo Motor Test which comprised of the dimensions strength, endurance, coordination
and flexibility. Multiple regression analyses were used to analyse the direct and indirect
effects. The results of the multiple regression analyses show that the effects of motor abili-
ties on physical activity were only indirect for the dimensions strength, coordination, and
flexibility. For the dimension endurance, neither direct nor indirect effects were significant. In
the opposite direction, the effects of physical activity on motor abilities were partially medi-
ated by the self-concept of strength. For the dimensions endurance, coordination and flexi-
bility, only indirect were significant. The results of this study support the assumption that the
relationship between motor abilities and physical activity is mediated by physical self-con-
cept in both directions. Physical self-concept seems to be an important determinant of ado-
lescentsAphysical activity.
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Introduction

In adolescencghysicalactivitywasshownto beinverselyrelatedto obesityandpositively
associatetith numeroushealthbenefitsasfavourablecardiovasculaand metabolicdisease
risk profiles,enhancedonehealthandreducedsymptomsof depressiorin childrenandado-
lescent$1+4]. Converselyphysicainactivity is associatedith increasedisksfor health
impairmentssuchasmetabolicsyndromeand cardiovasculadiseasefs]. However,alarge
part of the adolescenpopulationis not sufficientlyphysicallyactiveto profit from thesehealth
benefits For examplein Germanyonly 8%o0f boysand5%of girls agedoetweerl4+17years
complywith therecommendatiorof beingmoderatelyto vigorouslyphysicallyactivefor at
leastb0Ominuteseveryday[6]. Similarresultsfor adolescentaerealsofoundin othercoun-
tries[7£11].

Theproblemof insufficientphysicalactivity seemdo exacerbatduring adolescencasthe
proportion of physicalactiveadolescentdecreasewith increasingage]9,12]. Thisis not sur-
prising asduring adolescencsignificantand obviousphysicaland psychologicathanges
occur[13,14].An important physicalctivity correlate during adolescencés physicalself-
conceptthatis alsoaffectedoy changeén thisturbulentlife period. It is supposedhat physical
self-conceptiuring adolescencmfluencegphysicalactivity and sportparticipation.According
to Harter'scompetencenotivationtheory,competencencotivationincreasesvhenanindivid-
ual successfullypnastersaatask[15]. Successfuhasteringof taskspromotesthe perceptionof
self-competencgaswell asself-conceptvhich encouragethe personto engagen further
activities.Thistheoryhasbeenappliedin the contextof adolescentsportparticipationandit
couldbeshownthat physicalkelf-concepts animportant motivation factorfor becomingand
maintainingbeingphysicallyactive[16].

Physicakelf-concepis assumedo mediatethe relationshipbetweerphysicalctivityand
motor abilities[17,18].We assumehat thereis acircularrelationshipbetweermotor abilities,
physicakelf-conceptandphysicalactivity (seeig 1). Motor abilitiesarea sourcefor con-
structingthe own physicakelf-conceptoncerningthesemotor abilities.Well-developed
motor abilitiesleadto goodperformancedn sportsandexerciseThisimpliesmasterexperi-
encesand positivefeedbacKrom significantothers(e.g.trainer, parentspeerswhichare
relatedto positiveemotionsandmotivationfor physicalactivity[19,20].Asaconsequence
more positivephysicakelf-conceptoncerningmotor abilitiesdevelopsOn the contrary,poor
developednotor abilitiesleadto poor performancesvhich entailnegativecomparisonswith
peersjackof masterexperienceandno positivefeedbackAs aconsequencaegativephysical
self-conceptegardingthe motor abilitiesdevelopslin this respectmotor abilitiesrepresena
sourceof information for constructingthe physicakelf-conceptAs describechbovethese
self-perceptionsf motor abilitiesarethe motivatingfactorfor further sportactivities In this
regard,it canbeassumedhat actualmotor abilitiesdo not directly influencephysicalactivity
andsportparticipation(dashedine in Fig 1). Insteadwe supposéhatthis relationshipis
mediatedby the physicakelf-concepgsolidline in Fig 1). Thisrelationshipseemso become
strongerwith increasingageduring adolescenc& he stabilizationof the self-concepleadgo a
solidificationof this relationship[17]. However engagingn physicalctivityandsportsalso
leadsto improvementsn motor abilities. Thisis especiallyrue of physicalactivity occurring
in the settingof organisedsports wherespecificmotor skillsandabilitiesaresystematically
trained,will leadto improvementsn motor abilities.In this way,physicakctivityis adetermi-
nantof motor developmentChildrenand adolescentwith higherlevelsof physicalactivity
andsportparticipationwill developbettermotor skillsandabilitiesthan childrenandadoles-
centswith low levelof physicalactivity or no participationin sports.Thereforewebelievethat
the effectof physicalactivity on motor abilitiesis ratherdirect (solidline in Fig 1) andnot

PLOS ONE | DOI:10.1371/journal.pone.0168539 January 3, 2017 2/18



@° PLOS | ONE

Physical Self-Concept, Motor Abilities and Physical Activity

Indirect effect

Physical
self-concept

Direct effect

r-——==-=-=-===71

I v
Motor abilities Physical activity
g I
I
Direct effect |
) I
Indirect effect self-concept

Fig 1. The circular relation ship between motor abilities, self-con cept and physical activity.
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mediatedby the physicakelf-concep{dashedine in Fig 1). Thereforewestatethattherela-
tionship betweermotor abilitiesand physicalactivityis reciprocaland partially mediatedoy
the self-concep{seerig 1).

Accordingto this hypothesisthereis soundempiricalevidencehat motor skills[21+26]
andmotor abilities[27] arerelatedto physicalactivity. Althoughthe effectsarenot strong,the
evidencasratherconsisten{28]. Adolescentsvith higherlevelsof physicalactivity showbet-
ter performancesn motor testsFurthermore soundempiricalevidencesreportedin two
reviewssupportthelink betweerself-perceptionandphysicakctivity[29,30].Hereagain the
effectsarerathermoderateto small.Adolescentsvith higherscoresn self-perceptionare
more physicallyactivethan adolescentwith lowerscoresThelink betweemrmotor skillsand
abilitieson onesideand physicakelf-concepbn the other sidecould alsoempiricallybe
shown.Evidencavasprovidedthat adolescentwith betteractualperformancesn motor tests
hadhigherperceptionf their motor abilities[31,32]and skills[33+35].Adolescentsvith
motor learningdisabilitiessuchasdevelopmentatoordinationdisorderalsoshowedower
scoresn self-perceptiorof their own abilitiesthan adolescentwithout developmentatoordi-
nation disorder[36,37].However the mediationaleffectof self-concepivasconsiderablyess
the subjectof researchTo our knowledgeonly two publicationsfrom the sameresearctgroup
explicitlyaddressethis researchguestionn alongitudinal study,Barnettetal. [35] found
thatthe perceivedsportcompetencgartially mediatedthe relationshipbetweemmotor skill
proficiencyand physicalactivity. Theseeffectaverefound only for the objectcontrol skillsbut
not for locomotorskills.In anothercross-sectionanalysiof the samedata,Barnettetal.
found thatthe partialmediationeffectexistedn both directions[18]. However thereverse
pathwaysverenot testedn alongitudinalanalysisandalongitudinalanalysisvould be
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neededo testwhetherthe mediationaleffectof self-concepin both directionsreallyexists.
Furthermore the mediationaleffectsvereonly examinedor the subdomainsportcompetence
wherea®ther subdomainof perceivednotor abilitiessuchascoordination,strengthor
enduranceverenot examined.

The purposeof this studyis to examinethe reciprocalrelationshipbetweermotor abilities
andphysicakactivity andthe mediationeffectsof physicakelf-concepin thisrelationship
usinglongitudinal data.We expecthatthe effectsof motor abilitieson physicalactivityare
ratherindirect via physicakelf-concepaindthat the effectsof physicalactivity on motor abili-
tiesareratherdirectwithout involvementof physicalself-concep{see~ig 1).

Methods
Subjects and study design

Datawasobtainedfrom the Motorik-Modul (MoMo) Longitudinal Studywhichaimsto exam-
ine the prevalenceatesand developmenbf physicakactivity and motor abilitiesin children,
adolescentandyoungadultsin Germany{38]. TheMoMo Longitudinal Studyis amoduleof
the GermanHealthInterviewand ExaminationSurvey(KiGGS)[39]. Thebaselineof the
MoMo Longitudinal Studywasconductedbetweer2003and 2006usinganationwiderepre-
sentativesamplg40]. Thefollow-up of the MoMo Longitudinal Studybegarsix yeardaterin
SeptembeR009andendedin July2012 Participantsivererecruitedusingathreestepprocess
(seeFig 2). Firstly,asystematicampleof 167primary samplingunits wasselectedfrom an
inventory of Germancommunitiesstratifiedaccordingto the BIK classificatiorsysten39]
thatmeasurethelevelof urbanizationandthe geographidistribution. The probability of any
community beingpickedwasproportionalto the numberof inhabitantsyoungerthan 18
yearsold. For communitieswith lesghan 350inhabitantsunder 18yearsold, the adjacent
communitywasaddedto the sample Secondlyan agestratifiedsampleof randomlyselected
childrenandadolescentezasdrawnfrom the official registerof localresidentdor the KiIGGS
with atotal of 28,40(articipantsagedbetweerD and17yearsold [41]. Out of these28,400
selectegharticipants,17,641childrenandadolescentagedbetweerD and 17 yearsold took
partin the KiGGSfor aresponseateof 62.1%Thirdly, 7,866participantsagecbetweert and
17yearsld in the KiGGS-samplevererandomlyassignedo the sampleof the MoMo-Study.
Of these7,866participants 4,529childrenandadolescent®ok partin the MoMo Studyat
baselindresponseate= 57.6%)Thelongitudinalsampldn thefirst follow-upincluded2,178
participantsagedl0+23yearsold, which constitutesan overallresponseate of 48.1%For the
purposef this work, only longitudinal dataof 335boysand363girlsagedl1+17earsold at
baselinavereincludedin theanalysigseeTablel). Youngerparticipantswerenot includedin
theanalysidecausavalid andreliablemeasurementf physicalactivity couldnot beensured
for this agegroup.For the participantsthat wereincluded,the samemeasuremenprocedure
wasusedon both measuringoccasionsDetailedinformation on the datacollectiontechniques
andquality of the samplearepresentedlsewherg38]. Informed written consentvasobtained
from the participantsandtheir parentsor guardianseforethe subjectenterednto the study
accordingto the Helsinki Declaration.The studywasapprovedoy the ethicscommitteeof the
Charit Humboldt Universityof Berlin.

Measurement

Physical activity. Physicahctivitywasassessduly the MoMo PhysicalActivity Question-
naire(MoMo-PAQ) for adolescenta/hich measurephysicalctivityin differentsettings
(sportsclubs,leisure-time school daily activitiesand overallphysicalactivity) [42]. For this
study,weconsiderednly physicalctivityin sportsclubsbecausaeexpectedhatthe
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Fig 2. Flow diagram of recruitmen t.
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relationshipbetweerphysicalactivity and motor abilitieswould behighestin this settingand
becausin Germanyasubstantiaproportion of children'sandadolescent'physicalctivity
takesplacein organisedsportsclubs[43]. Physicahctivityin sportsclubswasassesseuly four
items:type,duration, frequencyandseasonalitpf physicalactivity. By combiningthesefour
items,anindexwasconstructedepresentinghe amountof physicalctivityin sportsclubs
(minutesof moderateto vigorousphysicalctivity perweek).Thereliability andvalidity of the
questionnaireareshownelsewher@?]. Thetest-retesteliability for oneweekdistancevas
0.93for adolescentagedbetweerl4and 17 yearsFurthermore the indexwassignificantly
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Table 1. Means and standard deviations at baseline and follow-up (N = 698).

Measurem ent occasi on

Variable M
Age (years) 14.2
PA (MVPA min/week) 110.0
Motor abilities
Strength
Push-up (in 40 sec) 13.3
Standing long-jump (cm) 166.0
Endurance
PWC 170 (watt) 111.5
Coordination
Jumping side-to-side (in 15 sec) 34.2
Single leg stance (contacts in 1 min) 4.5
Backward balancing (steps) 34.8
Flexibility
Forward bending (cm) -0.3
Self-concept of motor abilities
Strength
Endurance
Coordination
Flexibility

SD
2.0
144.9

3.5

29.8

36.9

6.2

5.4

9.2

9.0

20.6
71.6

15.1
181.7

155.9

39.9
2.4
39.2

1.4

16.9
16.1
17.8
17.4

SD
2.0

126.1

4.0
374

59.0

6.8
3.8
8.0

10.0

4.1
4.7
3.3
3.7

Note: M = Mean; SD = Standard deviation; PA = Physical activity; MVPA = Moderate to vigorous physical activity;

doi:10.137/journal.pon®168539401

6.2

-10.7

-13.0

-20.8

-19.7

11.5
-13.2

.05

.05

.05

.05

.05

.05

.05

.05

correlatedwith theaccelerometeActigraphGT1M (r = 0.35)andthe physicalctivity diary

PreviousDay PhysicalActivity Recalr = 0.55)[42].

Physical self-concept. Physicabelf-conceptasassessdaly the Germanversion[44] of
the PhysicalSelf-DescriptiorQuestionnaird32]. The questionnaireconsistof 36itemsrepre-
senting6 dimensionsstrength.endurancespeedgoordination,flexibility, andgenerahthleti-

cism.Forthe purpose®f this work, only strength,endurancegoordinationandflexibility

wereusedin orderto provideconceptuabymmetrywith the testof motor abilities.Each
dimensionwasrepresentedby 6 itemswith aLikert scaleangingbetweeril and6. By sum-
ming up theitemsfor eachdimension,therangewasbetweert and 36.For all dimensions,
internal consistencyangedbetweerD.78and0.94in threedifferentsample®f adolescents
andyoungadults[44]. In this samplejnternal consistenciewere0.91for strength,0.90for
endurance.87for coordinationand0.88for flexibility. Theresultsof explorativeand confir-
mativefactoranalysegrovidedevidencdor the postulatecconstructvalidity of the question-

naire[44].

Motor abilities

Motor abilitieswereassesseal the physical-fithessestprofile. Assessedimensionswere
strength(upperandlowerlimb), endurancgcardiorespiratonyfitness) grossmotor coordina-
tion (dynamicandstaticbalance)andflexibility (trunk).
Strength. Dynamicstrengthof the upperextremitiesvasassesseasingthe push-uptest
[45]. Subjectsvereaskedo do asmanypush-upsaspossiblavithin 40secStandingong-
jumpswereusedto asseskegpower[46]. Maximum distanceof astandinglong-jumpwas

recorded Theinternal consistencyf the compositandexfor strengthwas0.67.
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Endurance. Cardiorespiratorfitnesswasassessedith the PhysicaWorking Capacity
170(PWC170)ycleergometrytest(attainedwattsat 170beats/min)onran ERG9115Ergo-
sanaBitz, Germany)bicycle[47,48].Initial workloadwascalculatedasO.5watts/kgbody
massTheworkloadwasincreasedncrementallyby 0.5watts/kgbody massevery2 minutes.
Subjectgontinuedthis progressive@rotocoluntil their heartrate (HR) exceeded 90
beats/minfor atleastl5secondsgr their pedallingratewaslessthan 50revolutionsper min-
utefor atleast20secondsor until theydecidedto stopbecausef exhaustionHR wasmea-
suredwith achest-stra@ 31 monitor (PolarElectroOy, KempeleFinland)immediately
beforeeachincreasen workload.The HR signalwastransmittedto the bicycleergometerThe
powerin wattsgeneratedy asubjectat a heartrateof 170beats/min(PWC170)wasobtained
by the monitoring investigator'snter- or extrapolatinghe measurediatain Microsoft Excel.

Gross motor coordination. Thegrossmotor coordinationwasassessduly threeitems:
thejumping side-to-sideest,the singlelegstanceandthe backwardbalancing Thejumping
side-to-sideestwasusedto assesgrossmotor coordinationundertime constraint.Subjects
wereaskedo performasmanyjumpsfrom side-to-sideaspossibleduring two 15-sedntervals
within adefinedboundary,andthe numbersfor the two intervalswereaveragedSingleleg
stancewasusedfor assessingrossmotor coordinationduring staticprecisiontasks Subjects
wereaskedo standon their dominantlegfor oneminute with their eyeopen,andthe num-
berof floor contactswith the contralateralimb wasrecorded.The backwardbalancingvas
basedn abodycoordinationtestandallowedthe assessmertf grossmotor coordination
during dynamicprecisiontasks Subjectsvereaskedo balancébackwardon 6 cm,4.5cm
and3 cmwide beamsrespectivelywith two trials perbeam.Thenumbersof stepson each
beamwereadded Thetestwasterminatedif onefoot touchedthe ground. Theinternal consis-
tencyof the compositegrossmotor coordinationindexwas0.73.

Flexibility. A singularforward bendwasusedfor the assessmemif trunk flexibility and
theflexibility of the sciaticcrural musclegroup. Thelowestpoint reachedy thefingertips
while standingon aboxwith legsextendedvasrecorded.

Data analysis

Datawasanalysedisingthe StatisticaPackagéor SocialSciencéSPSSyersion22(IBM,
NewYork, USA).For bivariatecorrelationsand dependent-testsHolm-Bonferroni-corec-
tion wasconductedo rule out the problemof multiple significanceests.The significance
levelwasseta priori at5%.For motor abilities,raw datawasusedto calculateneansandstan-
darddeviationsIn orderto rule out ageandgendereffectsn regressioranalysesllitems
measuringmnotor abilitiesweretransformedto standardscoresvith ameanof zeroandstan-
dard deviationof onefor eachsexandagegroupat baselineBasedn thesestandardvaluesn
eachitem, compositeindiceswerebuilt for all motor ability dimensions.
Mediationanalysesvereconductedaccordingto the procedureproposecby Baronand
Kenny[49]. In this model,amediatoris avariablethataccountgor therelationbetweerthe
predictorandthe criterion. Baronand Kennystatedthreeconditionswhich haveto befulfilled
to showamediationeffect.Firstly,theindependentanddependenvariableshouldbe signifi-
cantlycorrelatedwith eachother.Secondlytheindependent/ariableand mediatorshouldbe
significantlycorrelatedThirdly, the mediatorshouldbeasignificantpredictorof the depen-
dentvariable whilst controlling for theindependentvariable To analyséndirect effectspath
analysesvereconductedbasecn mediationanalysesccordingto Hayeg50,51].In each
regressioranalysisthe outcomevariablewasusedfrom the secondneasuremendccasion
(follow-up). Whereastheinitial statusof the criterion variableatfirst measurementccasion
(baselinevasusedasan additionalpredictor(covariate)ln thisway,the confoundingeffects
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of initial statusaccordingto the autoregressionf dependentariablewereruled out. Variables
measuredtbaselineonly wereusedaspredictors.

In thefirst stepof the mediationanalysistheinitial statusof physicalctivityand motor
ability at baselinevereusedaspredictorsof self-concep{measuredat follow-up). The effects
of physicakctivityand motor ability on the mediatorvariablewereassesseghich wasneces-
saryto calculateheindirect effectsin the secondstep,self-conceptvasincludedinto the
regressioranalysisasan additionalpredictor (besidephysicalactivity and motor ability at
baseline}o predictphysicakctivity atfollow-up. Consequentlgirect effectof motor ability
andthe effectof mediatorvariableon physicalactivity wereassesseth thethird step.the out-
comevariablewasmotor ability atfollow-up, predictedby the samevariablesasin the second
step.Accordingly,the direct effectof physicalactivity andthe effectof the mediatorvariable
couldbeassesseth thefourth andfifth step directandindirect effectsn both directions
wereanalysedT he magnitudeof the mediationeffectwascalculatedasthe productof both
indirect effectsAs aresultof confidencdimits basedn the normal distribution for theindi-
recteffectoftenbeingfound to beinaccuratg52], bootstrapestimationaccordingto Preacher
andHayeswvasused[53]. In this approach1000bootstrapsamplesveredrawnfor the calcula-
tion. Basedn the bootstrapestimation,95%confidencantervalsfor theindirect effectavere
calculated.

Results

Descriptive statistics

Tablel presentghe descriptivestatisticfor the sampleat baselineandfollow-up. Theresults
showthatthe amountof physicalactivity decreasedignificantlyby 38.4minutesof moderate-
to-vigorousphysicalactivity perweekduring the period of sixyearsOn the contrary,the per-
formancein motor ability testsfor strength,enduranceand coordinationsignificantly
increaseaverthe sameperiodof time. Thestrongesincreasean performancevasobserved
in thedimensionenduranceThe performancen flexibility significantlydecreasedverthe
periodof time. Sixyearsafterthe first measuremenparticipantsof this studywerefound to be
1.7cmlesdlexible. Theratingsof self-conceptvereassesseahly at follow-up andmeanval-
uesvaryin themid-range.

Strength

Theresultsof the multiple regressionarepresentedn Table2. A simplifiedvisualizationof
theresultsis presentedn Fig 3in Model A. In thefirst step physicalactivity and motor ability
strengthat baselinevereusedaspredictorsof self-concepof strengthat follow-up. Both vari-
ablescould explain7.4%varianceof self-concepbf strength Physicahctivity (B = 0.225)as
wellasmotor ability strength(p = 0.107)hadsignificanteffectson self-conceptin the second
step,self-concepwasincludedinto theregressioranalysisasan additionalpredictorwhereas
physicalctivity at follow-up wasusedascriterion variable 20.2%of the varianceof physical
activity at follow-up couldbeexplainedby thethreevariablesPhysicahctivity at baseling =
0.356)andself-concep(p = 0.191)hadsignificantuniqueeffectsMotor ability strengthdid
not haveasignificanteffect.n thethird stepthe outcomevariablewasmotor ability strength
atfollow-up predictedby the samevariablesasin the secondstep.In this regression42.2%of
thevarianceof motor ability strengthat follow-up could beexplainedMotor ability at baseline
hadthe strongestffect(p = 0.567)followedby the self-concepbf strength(p = 0.170)and
physicalactivity atbaseling = 0.088)In the fourth step,it couldbeshownthattheindirect
effectof motor ability strengthon physicakctivity via self-concepsignificantlydeviatedrom
zero(B = 0.021)whereashedirect effectwasnot significant(p = 0.016)In thefifth stepthe
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Table 2. Mediation analysis for the dimension strength.

Step 1. Criterion: SC (T2)
Intercept
PA (T1)
MA (T1)
Step 2. Criterion: PA (T2)
Intercept
SC (T2)
MA (T1)
PA (T1)
Step 3. Criterion: MA (T2)
Intercept
SC (T2)
PA (T1)
MA (T1)

Step 4. Effect MA on PA
Direct effect
Indirect effect

Step 5. Effect PA on MA
Direct effect
Indirect effect

15.871
0.006
0.517

-57.832
5.926
2.441
0.285

-0.757
0.037
0.005
0.585

2.441
3.061

0.005
0.002

Regression coef®cients Model summary

SE B t p R R? F df, df, p

0.272 0.074 21.7 2 542 0.000

0.206 77.0 0.000

0.001 0.225 5.3 0.000

0.206 0.107 25 0.012
0.449 0.202 45.5 3 541 0.000

20.515 -2.8 0.005

1.237 0.191 4.8 0.000

5.955 0.016 0.4 0.682

0.323 0.356 8.7 0.000
0.649 0.422 131.5 3 541 0.000

0.121 6.3 0.000

0.007 0.170 5.0 0.000

0.002 0.088 2.5 0.012

0.035 0.567 16.8 0.000

Estimation of direct and indirect effects
SE LLCI ULCI

5.955 -9.257 14.140 0.016

1.346 0.959 6.238 0.021

0.002 0.001 0.009 0.088

0.001 0.001 0.003 0.038

Note: SC = Self-concept of strength; MA = Motor ability strength; PA = Physical activity; T1 = baseline; T2 = follow-up; B = unstandardized regression
= standardized coef®cient;df; = degrees of freedom of the numerator; df, = degrees of freedom of the denominator;
LLCI = lower limit of the 95% con®denceinterval; ULCI = upper limit of the 95% con®denceinterval.

coef®cient;SE = standard error;

doi:10.137/journal.pon€168539002

indirect effectof physicalactivity on motor ability strengthvia self-concepalsosignificantly
deviatedrom zero(p = 0.038) However the direct effectof physicalactivity on motor ability
strengthwasalsosignificant( = 0.088).

Endurance

Theresultsof the multiple regressionfor endurancearepresentedn Table3andFig3in
Model B.In thefirst regression8.5%of the varianceof self-concependurancecouldbe
explainedlt couldbeshownthat physicalactivity (8 = 0.296)but not motor ability endurance
(B = 0.020wassignificantlyassociatedith self-concepbf enduranceln the secondstep,
23.1%of varianceof physicalactivity at follow-up could beexplained Self-concepbf endur-
ance(p = 0.155)and physicakactivity (8 = 0.400)out not motor ability endurance = 0.039)
significantlycontributedto theregressionln thethird step,20.7%of the varianceof motor
ability endurancecould beexplained Self-concepfp = 0.177)and motor ability (3 = 0.428)
hadsignificantuniqueeffectdut physicalactivity (B = -0.006)did not. Theresultsof the
fourth stepindicatedthat neitherdirect (B = 0.039)nor indirect effect( = 0.003)of motor
ability enduranceon physicalactivitywassignificant.In thefifth step theresultsindicatedthat
only theindirect (8 = 0.052)out not directeffect(f = -0.006)of physicakactivity on motor abil-
ity endurancewvassignificant.
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Indirect effect = 0.052* endurance

Figure A: Mediation model for the dimension strength Figure C: Mediation model for the dimension endurance

Indirect effect = 0.042*
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Physical activity

0.111*

Physical activity

0.114* 0.212* 0.254*
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Indirect effect = 0.024* coordihation Indirect effect = 0.028* flexibility

Figure C: Mediation model for the dimension coordination Figure D: Mediation model for the dimension flexibility

Fig 3. The mediation models.
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Coordination

Theresultsof the multiple regressionfor coordinationarepresentedn Table4 andFig3in
ModelC. In thefirst step,13.8%of the varianceof self-concepfor coordinationwasexplained.
Physicahctivity (B = 0.212)aswell asmotor ability coordination(f = 0.261)hadsignificant
effectson self-conceptln the secondstep,19.7%of the varianceof physicalactivity at follow-
up couldbeexplained Self-concepbf coordination(p = 0.178)and physicalactivity (B =
0.368)out not motor ability coordination(p = -0.021)hadsignificanteffectsIn thethird step,
theregressiorexplainedl9.2%of the varianceof motor ability coordinationat follow-up. Self-
conceptof coordination(f = 0.114)and motor ability atbaseling = 0.366)but not physical
activity (8 = 0.065)significantlycontributedto theregressionln the fourth step it couldbe
shownthatonly theindirect (8 = 0.046)out not the directeffect(p = 0.021)of motor ability
coordinationon physicalactivity wassignificant.In thefifth step theresultsrevealedhat
againonly theindirect (B = 0.024)out not thedirect (p = 0.065)effectsignificantlydeviated
from zero.

Flexibility

Theresultsof the multiple regression$or flexibility arepresentedn Table5andFig3in
ModelD. In thefirst step,18.5%of the varianceof self-concepflexibility wasexplained.

PLOS ONE | DOI:10.1371/journal.pone.0168539 January 3, 2017 10/18
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Table 3. Mediation analysis for the dimension enduran ce.

Step 1. Criterion: SC (T2)
Intercept
PA (T1)
MA (T1)
Step 2. Criterion: PA (T2)
Intercept
SC (T2)
PA (T1)
MA (T1)
Step 3. Criterion: MA (T2)
Intercept
SC (T2)
MA (T1)
PA (T1)

Step 4. Effect MA on PA
Direct effect
Indirect effect

Step 5. Effect PA on MA
Direct effect
Indirect effect

14.713
0.009
0.087

-27.225
4.262
0.330
4.628

-0.583
0.037
0.376
-0.004

4.628
0.370

-0.004
0.003

Regression coef®cient s Model summary

SE B t p R R? F df, df, p

0.292 0.085 10.1 2 418 0.000

0.377 39.0 0.000

0.002 0.296 4.4 0.000

0.286 0.020 0.3 0.761
0.480 0.231 21.7 3 417 0.000

26.998 -1.0 0.314

1.716 0.155 2.5 0.014

0.053 0.400 6.2 0.000

7.238 0.039 0.6 0.523
0.455 0.207 18.9 3 417 0.000

0.205 -2.8 0.005

0.013 0.177 2.8 0.006

0.055 0.428 6.8 0.000

0.004 -0.006 -0.9 0.369

Estimation of direct and indirect effects
SE LLCI ULCI

7.238 -9.637 18.193 0.039

1.163 -1.848 3.006 0.003

0.004 -0.012 0.004 -0.006

0.001 0.001 0.007 0.052

Note: SC = Self-conc ept of strength; MA = Motor ability strength; PA = Physical activity; T1 = baseline; T2 = follow-up; B = unstandardized regression
= standardized coef®cient;df; = degrees of freedom of the numerator; df, = degrees of freedom of the denominator;

coef®cient;SE = standard error;

LLCI = lower limit of the 95% con®denceinterval; ULCI = upper limit of the 95% con®denceinterval.

doi:10.137/journal.pon€168539003

Physicahctivity (B = 0.111)aswellasmotor ability flexibility (B = 0.391)hada significant
uniqueeffecton self-concepof flexibility. In the secondstep,17.2%of the varianceof physical
activity atfollow-up could beexplained Self-concepof flexibility (3 = 0.106)and physical
activity atbaselings = 0.394)out not motor ability flexibility (B = -0.054)significantlycon-
tributed to theregressionin thethird step,56.6%of the varianceof motor ability flexibility at
follow-up wasexplainedSelf-concepf = 0.254)and motor ability atbaselingp = 0.612)but
not physicakctivity (B = -0.008)hadsignificantuniqueeffectsin thefourth step,it couldbe
shownthatonly theindirect (B = 0.042)out not the direct (§ = -0.054)effectof motor ability
flexibility on physicalctivity significantlydeviatedrom zero.Againin thefifth step theindi-
rect(B = 0.028)but not the direct (B = -0.008)effectof physicalactivity on motor ability flexi-
bility significantlydeviatedrom zero.

Discussion

Themain assumptiorof this studywasthat the effectsof motor abilitieson physicalactivity
would bemediatedby self-concepandwould not bedirect (seerig 1). In the oppositedirec-
tion, weassumedhat the effectsof physicalactivity on motor abilitieswould beratherdirect
andnot mediatedby physicalself-conceptThisresearclyuestionwasexaminedn four spe-
cific domains:strength,endurancecoordination,andflexibility.
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Table 4. Mediation analysis for the dimension coordina tion.

Step 1. Criterion: SC (T2)
Intercept
PA (T1)
MA (T1)
Step 2. Criterion: PA (T2)
Intercept
SC (T2)
PA (T1)
MA (T1)
Step 3. Criterion: MA (T2)
Intercept
SC (T2)
MA (T1)
PA (T1)

Step 4. Effect MA on PA
Direct effect
Indirect effect

Step 5. Effect PA on MA
Direct effect
Indirect effect

16.962
0.005
1.110

-74.742
6.497
0.288
-3.271

-0.318
0.016
0.221
0.020

-3.271
7.213

0.020
0.007

Regression coef®cients Model summary

SE B t p R R? F df, df, p

0.371 0.138 43.6 2 547 0.000

0.165 102.6 0.000

0.001 0.212 5.2 0.000

0.174 0.261 6.4 0.000
0.444 0.197 44.7 3 546 0.000

26.234 -2.8 0.005

1.508 0.178 4.3 0.000

0.032 0.368 9.1 0.000

6.346 -0.021 -0.5 0.606
0.438 0.192 43.1 3 546 0.000

0.102 -3.1 0.002

0.006 0.114 2.7 0.006

0.025 0.366 8.9 0.000

0.012 0.065 1.6 0.110

Estimation of direct and indirect effects
SE LLCI ULCI

6.346 -15.736 9.193 0.021

2.037 3.973 12.211 0.046

0.012 -0.004 0.044 0.065

0.003 0.002 0.014 0.024

Note: SC = Self-concept of strength; MA = Motor ability strength; PA = Physical activity; T1 = baseline; T2 = follow-up; B = unstandardized regression
= standardized coef®cient;df; = degrees of freedom of the numerator; df, = degrees of freedom of the denominator;
LLCI = lower limit of the 95% con®denceinterval; ULCI = upper limit of the 95% con®denceinterval.

coef®cient;SE = standard error;

doi:10.137/journal.pon€168539004

Strength

In thedomainstrength the mediationeffectof self-conceptouldbefound in both directions.
Theeffectof the motor ability strengthon physicakctivitywasonly indirect. Thisindicates
thatwell developedstrengthis associate@ith amore positiveself-conceptvhichleadso
increaseghysicalactivity. Thedirect effectof motor ability is, howevernot significantmean-
ing that strengthin our studydoesnot per seinfluencethe developmenbf physicakbility.
Contraryto our assumptionthe mediationeffectwasalsofound in the oppositedirection.
However the direct effectof physicakctivity on motor ability wasalsosignificantand stronger
thantheindirect effect.Thisresultindicatesthat physicalactivity primarily hasadirectimpact
on strengthbut therealsoexistsanindirect effectviaself-concept.

Endurance

In thedomainendurancethe effectof motor ability on physicalactivityis neitherdirectnor
indirect. Thisresultis not in accordancevith our hypothesissit would meanthat motor abil-
ity endurancas not important for future physicalactivity. However the self-concepbf endur-
anceis significantlyassociatewith physicalactivityindicatingthat self-concepbf endurance
might beanimportant determinantof physicalctivity. Furthermore the self-concepof
endurancemediateghe effectf physicakctivity on motor ability enduranceThis finding

PLOS ONE | DOI:10.1371/journal.pone.0168539 January 3, 2017 12/18
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Table 5. Mediation analysis for the dimension flexibility .

Step 1. Criterion: SC (T2)
Intercept
PA (T1)
MA (T1)
Step 2. Criterion: PA (T2)
Intercept
SC(T2)
PA (T1)
MA (T1)
Step 3. Criterion: MA (T2)
Intercept
SC (T2)
MA (T1)
PA (T1)

Step 4. Effect MA on PA
Direct effect
Indirect effect

Step 5. Effect PA on MA
Direct effect
Indirect effect

16.763
0.003
1.466

-21.640
3.532
0.325
-6.787

-1.147
0.067
0.602

-0.005

-6.787
5.179

-0.005
0.018

Regression coef®cients Model summary

SE B t p R R? F df, df, p

0.430 0.185 64.2 2 566 0.000

0.184 91.297 0.000

0.001 0.111 2.9 0.004

0.146 0.391 10.0 0.000
0.414 0.172 39.1 3 565 0.000

24.485 -0.9 0.377

1.413 0.106 25 0.013

0.033 0.394 10.0 0.000

5.333 -0.054 -1.3 0.204
0.752 0.566 245.4 3 565 0.000

0.139 8.2 0.000

0.008 0.254 8.3 0.000

0.030 0.612 19.8 0.000

0.018 -0.008 -0.3 0.775

Estimation of direct and indirect effects
SE LLCI ULCI

5.333 -17.267 3.689 -0.054

2.238 1.073 9.888 0.042

0.018 -0.042 0.031 -0.008

0.007 0.005 0.033 0.028

Note: SC = Self-concept of strength; MA = Motor ability strength; PA = Physical activity; T1 = baseline; T2 = follow-up; B = unstandardized regression

coef®cient;SE = standard error;

= standardized coef®cient;df; = degrees of freedom of the numerator; df, = degrees of freedom of the denominator;
LLCI = lower limit of the 95% con®denceinterval; ULCI = upper limit of the 95% con®denceinterval

doi:10.137/journal.pon€168539005

doesnot correspondwith our initial hypothesisut canbelogicallyexplainedvhenconsider-
ing thatthelevelof physicalactivity decreaseis the period of transitionfrom adolescenct®
youngadulthood.Thisreductionin physicalactivity doesnot necessarilfeadto adeteriora-
tion of motor ability enduranceébecaus¢he physicaldevelopmentin this period of life strongly
influenceanotor ability enduranceand compensatefor the effectof reducedphysicalactiv-
ity. Theperformancen the motor testfor enduranceéncrease$rom baselingo follow-up by
circaonestandarddeviation.This developmenbf motor ability endurancas largerthanthe
developmenbf othermotor abilitiesin this period of life. Thereforetherelationshipbetween
motor ability enduranceand physicalactivity might beattenuatedHowever physicalctivity
influenceghe self-concepbdf endurancenhichin turn isrelatedto the motor ability endur-
ance This showshow, theindirect effectof physicalactivity on motor ability endurancevia
the self-conceptanbeexplained.

Coordination

In thedomaincoordination,theindirect effectof the motor ability coordinationon physical
activityis significantwhereashe direct effectis not. Thesaesultscomplywith our hypothesis
meaningthatwell developedaoordinationpositivelyinfluenceghefuture self-concepbf coor-
dination. Furthermore the self-concepbf coordinationseemso beimportant for future

PLOS ONE | DOI:10.1371/journal.pone.0168539 January 3, 2017
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physicalctivity. Accordingly,the effectof the motor ability coordinationon future physical
activity is mediatedby the self-concepbf coordination.Motor ability coordinationdoesnot
perseinfluencephysicalctivity but only indirectly via self-conceptHowever the indirect
effectin the contrarydirectionis alsosignificantandthe direct effectis not. Thisfactis not in
accordancevith our assumptionWe expectedhat the effectof physicakctivity on motor
ability coordinationwould not bemediatedbut ratherdirect. It seemshat physicalctivityis
animportant sourcefor apositiveself-concepof coordinationand self-concepbf coordina-
tion isrelatedto motor ability coordination.

Flexibility

In the domainflexibility, the constellatiorof resultsis the sameasin thedomaincoordination.
Theindirect effectsaresignificantin both directionsanddirecteffectsarenot. Thesdindings
alsopatrtially supportour assumptionsT heindirect effectof motor ability flexibility on physi-
calactivityisin accordancevith our theoreticalposition.Havingaflexiblebodyleadsto apos-
itive self-concepof flexibility whichin turn influenceduture physicalactivity. Contraryto

our assumptionsheingphysicalactivein asportsclubleadgo a positiveself-concepof flexi-
bility whichin turn influencesmotor ability flexibility.

General discussion

Theresultsof our studypartially supportour assumptionsln threedomains the effectsof
motor abilitieson physicalactivityweremediatedby self-conceptvhereashedirecteffects
werenot significantmeaningthat therewasafull mediation.Similarresultswerefound by
Barnettandcolleaguegl 8] who found that the effectsof locomotorskillson physicalactivity
werefully mediatedby perceivedsportcompetenceThesdindingsarecongruentwith thethe-
oreticalpositionsof Harter, Weiss and colleaguefl 5,54,55]Accordingto thesetheoriesthe
masteryexperienceteadto a positiveself-conceptwhichis an essentiatomponentfor main-
taining physicalactivityin childrenandadolescentd hesepositiveexperienceandtherelated
positiveself-concepseento beespeciallymportantin the period of transitionfrom adoles-
cenceo youngadulthoodasin this periodthe amountof physicalactivity decreaseand many
individualsstopbeingphysicallyactivein sportsclubs[43]. In this developmentaperiod,
changeén self-concepbccurwhich areimportant for future psychologicatlevelopmenof
theindividual. Motivational strategieso increasepositiveperceptionf selfcould beimpor-
tantto increasehe maintenanceof physicalactivityin thetransitionfrom adolescencim
youngadulthood.

However resultsfrom the analysisn the oppositedirection contradictour assumptions.
We expectedo find only directbut not indirect effectsof physicalactivity on motor abilities.
Instead wefound significantindirect effectdn all four domainsandthe direct effectwasonly
significantin the domainof strength. However theseresultsarecongruentwith thefindings
of the studyconductedby Barnettandcolleague§l 8]. In this study,theresearcherfound that
the effectf physicalactivity on locomotorskillsarealsofully mediatedby perceivedsport
competenceTheseaesultsmeanthat physicalactivity is animportant sourceof information
for shapingthe physicakelf-conceptAdolescentseento usethe experiencemadeduring
physicalctivityto form their self-conceptFurthermore this self-concepis positivelyrelated
to motor abilities.This finding canonly beexplainedoy an expectatioreffectin which aposi-
tive self-concepis associate@ith elevatedxpectationsvhichin turn positivelyinfluenceper-
formancein motor testsHowever the direct effectsof physicalactivity on motor abilities
might beattenuatedveraperiod of sixyearsasin this stageof life greatdevelopmentin
motor abilitiesoccurandthe stability of physicalactivityis ratherlow [56].
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In generaljt canbestatedthatthe effectdn both directionswererathersmall.Forashorter
periodof time, greatereffectscould beexpectedlt is possiblehatin our modelsome
unknowntheoreticaimechanism®r methodologicalssuege.g.long distancebetweermea-
suremeniccasionsgxistwhich could explainthesdindings. Therefore further studiesare
neededo clarify thesetheoreticallndmethodologicaissues.

This studyhasseverameritsandlimitations. It is basedn anationwiderepresentative
sampleof adolescentandyoungadultsin Germany.The samples sufficientlylargeto detect
evensmalleffectsThelongitudinal datausedin this work providestrongerevidencdor causal
effectehan cross-sectionalata.Direct aswell asindirect effectsverecontrolledfor the stabil-
ity of the predictedvariableIn thisway,spuriousnessouldbereduced However self-concept
wasmeasureanly atfollow-up but not atbaselineTherefore the change®f self-concept
overtime cannotbeevaluatedAn analysiof the differencesn self-conceptould providean
evendeepetunderstandingf the developmentalssueskurthermore the measuremenof
endurancebasen PWC170might not bethe mostreliableand valid measuremeninethod
of enduranceo date.Thereforethefindingsin thedomainenduranceshouldbeconsidered
with caution.Thelagbetweerthe measuremenbccasionsnight havebeentoo longto
soundlyinvestigatehe mechanism®f mediations Thereforefurther studieswith closertime
framesbetweermeasurementaould increasehe accuracyf theinvestigation Finally, physi-
calactivitywasmeasuredy subjectivameasurementethodswhichwereshownto havelim-
ited reliability andvalidity [57]. It is possiblehat objectivemeasuremeninethodsof physical
activitywouldyieldlargereffectehanfoundin this study.

Conclusions

This studyprovidesinsightsaboutrole the physicalkelf-conceptsapredictorand mediatorin
therelationshipbetweerphysicalactivityandmotor abilities.Theresultsof this studysupport
theassumptiorthatthe effectsof motor abilitieson physicalactivity arenot directbut rather
mediatedby self-conceptSelf-concepseemso beanimportant determinantof adolescentsA
physicakctivity. Especiallyn the transition period betweeradolescencandyoungadulthood,
interventionsaimingto increasepositiveself-conceparepromising.However the effectsof
physicalactivity on motor abilitiesarealsopartiallyindirect and mediatedby self-concepand
thatis not compatiblewith our theoreticalconsiderationsi-urtherstudiesareneededo
resolvetheoreticaland methodologicalssues.
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