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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-

lescentsÂphysical activity.
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Introduction
In adolescence,physicalactivitywasshownto beinverselyrelatedto obesityandpositively
associatedwith numeroushealthbenefitsasfavourablecardiovascularandmetabolicdisease
risk profiles,enhancedbonehealthandreducedsymptomsof depressionin childrenandado-
lescents[1±4].Conversely,physicalinactivity isassociatedwith increasedrisksfor health
impairmentssuchasmetabolicsyndromeandcardiovasculardiseases[5]. However,alarge
partof theadolescentpopulationisnot sufficientlyphysicallyactiveto profit from thesehealth
benefits.Forexample,in Germanyonly 8%of boysand5%of girlsagedbetween14±17years
complywith therecommendationof beingmoderatelyto vigorouslyphysicallyactivefor at
least60minuteseveryday[6]. Similarresultsfor adolescentswerealsofound in othercoun-
tries[7±11].

Theproblemof insufficientphysicalactivityseemsto exacerbateduring adolescenceasthe
proportion of physicalactiveadolescentsdecreaseswith increasingage[9,12].This isnot sur-
prisingasduring adolescencesignificantandobviousphysicalandpsychologicalchanges
occur[13,14].An important physicalactivitycorrelate,during adolescence,isphysicalself-
conceptthat isalsoaffectedbychangesin this turbulent life period.It is supposedthatphysical
self-conceptduring adolescenceinfluencesphysicalactivityandsportparticipation.According
to Harter'scompetencemotivationtheory,competencemotivationincreaseswhenanindivid-
ualsuccessfullymastersatask[15]. Successfulmasteringof taskspromotestheperceptionof
self-competence(aswellasself-concept)whichencouragesthepersonto engagein further
activities.This theoryhasbeenappliedin thecontextof adolescents'sportparticipationandit
couldbeshownthatphysicalself-conceptisanimportant motivationfactorfor becomingand
maintainingbeingphysicallyactive[16].

Physicalself-conceptisassumedto mediatetherelationshipbetweenphysicalactivityand
motor abilities[17,18].Weassumethat thereisacircularrelationshipbetweenmotor abilities,
physicalself-concept,andphysicalactivity(seeFig1).Motor abilitiesareasourcefor con-
structingtheownphysicalself-conceptconcerningthesemotor abilities.Well-developed
motor abilitiesleadto goodperformancein sportsandexercise.This impliesmasterexperi-
encesandpositivefeedbackfrom significantothers(e.g.trainer,parents,peers)whichare
relatedto positiveemotionsandmotivationfor physicalactivity[19,20].Asaconsequence,a
morepositivephysicalself-conceptconcerningmotor abilitiesdevelops.On thecontrary,poor
developedmotor abilitiesleadto poorperformanceswhichentailnegativecomparisonswith
peers,lackof masterexperiencesandno positivefeedback.Asaconsequence,negativephysical
self-conceptregardingthemotor abilitiesdevelops.In this respect,motor abilitiesrepresenta
sourceof information for constructingthephysicalself-concept.Asdescribedabove,these
self-perceptionsof motor abilitiesarethemotivatingfactorfor further sportactivities.In this
regard,it canbeassumedthatactualmotor abilitiesdo not directly influencephysicalactivity
andsportparticipation(dashedline in Fig1). Insteadwesupposethat this relationshipis
mediatedby thephysicalself-concept(solid line in Fig1).Thisrelationshipseemsto become
strongerwith increasingageduring adolescence.Thestabilizationof theself-conceptleadsto a
solidificationof this relationship[17]. However,engagingin physicalactivityandsportsalso
leadsto improvementsin motor abilities.This isespeciallytrueof physicalactivityoccurring
in thesettingof organisedsports,wherespecificmotor skillsandabilitiesaresystematically
trained,will leadto improvementsin motor abilities.In thisway,physicalactivityisadetermi-
nantof motor development.Childrenandadolescentswith higherlevelsof physicalactivity
andsportparticipationwill developbettermotor skillsandabilitiesthanchildrenandadoles-
centswith low levelof physicalactivityor no participationin sports.Therefore,webelievethat
theeffectof physicalactivityon motor abilitiesis ratherdirect (solid line in Fig1) andnot
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mediatedby thephysicalself-concept(dashedline in Fig1).Therefore,westatethat therela-
tionshipbetweenmotor abilitiesandphysicalactivityis reciprocalandpartiallymediatedby
theself-concept(seeFig1).

Accordingto thishypothesis,thereissoundempiricalevidencethatmotor skills[21±26]
andmotor abilities[27] arerelatedto physicalactivity.Althoughtheeffectsarenot strong,the
evidenceis ratherconsistent[28]. Adolescentswith higherlevelsof physicalactivityshowbet-
ter performancesin motor tests.Furthermore,soundempiricalevidenceasreportedin two
reviewssupportthelink betweenself-perceptionsandphysicalactivity[29,30].Hereagain,the
effectsarerathermoderateto small.Adolescentswith higherscoresin self-perceptionsare
morephysicallyactivethanadolescentswith lowerscores.Thelink betweenmotor skillsand
abilitieson onesideandphysicalself-concepton theothersidecouldalsoempiricallybe
shown.Evidencewasprovidedthatadolescentswith betteractualperformancesin motor tests
hadhigherperceptionsof their motor abilities[31,32]andskills[33±35].Adolescentswith
motor learningdisabilitiessuchasdevelopmentalcoordinationdisorderalsoshowedlower
scoresin self-perceptionof their ownabilitiesthanadolescentswithout developmentalcoordi-
nationdisorder[36,37].However,themediationaleffectof self-conceptwasconsiderablyless
thesubjectof research.To our knowledgeonly two publicationsfrom thesameresearchgroup
explicitlyaddressedthis researchquestion.In alongitudinalstudy,Barnettetal.[35] found
that theperceivedsportcompetencepartiallymediatedtherelationshipbetweenmotor skill
proficiencyandphysicalactivity.Theseeffectswerefoundonly for theobjectcontrol skillsbut
not for locomotorskills.In anothercross-sectionalanalysisof thesamedata,Barnettetal.
found that thepartialmediationeffectexistedin bothdirections[18]. However,thereverse
pathwayswerenot testedin alongitudinalanalysisandalongitudinalanalysiswouldbe

Fig 1. The circular relation ship between motor abilities, self-con cept and physical activity.

doi:10.1371/journal.pone.0168539.g001
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neededto testwhetherthemediationaleffectof self-conceptin bothdirectionsreallyexists.
Furthermore,themediationaleffectswereonly examinedfor thesubdomainsportcompetence
whereasothersubdomainsof perceivedmotor abilitiessuchascoordination,strengthor
endurancewerenot examined.

Thepurposeof thisstudyis to examinethereciprocalrelationshipbetweenmotor abilities
andphysicalactivityandthemediationeffectsof physicalself-conceptin this relationship
usinglongitudinaldata.Weexpectthat theeffectsof motor abilitieson physicalactivityare
ratherindirect viaphysicalself-conceptandthat theeffectsof physicalactivityon motor abili-
tiesareratherdirectwithout involvementof physicalself-concept(seeFig1).

Methods

Subjects and study design
Datawasobtainedfrom theMotorik-Modul (MoMo) LongitudinalStudywhichaimsto exam-
ine theprevalenceratesanddevelopmentof physicalactivityandmotor abilitiesin children,
adolescentsandyoungadultsin Germany[38]. TheMoMo LongitudinalStudyisamoduleof
theGermanHealthInterviewandExaminationSurvey(KiGGS)[39]. Thebaselineof the
MoMo LongitudinalStudywasconductedbetween2003and2006usinganationwiderepre-
sentativesample[40]. Thefollow-upof theMoMo LongitudinalStudybegansixyearslaterin
September2009andendedin July2012.Participantswererecruitedusingathreestepprocess
(seeFig2).Firstly,asystematicsampleof 167primary samplingunitswasselected,from an
inventoryof Germancommunitiesstratifiedaccordingto theBIK classificationsystem[39]
thatmeasuresthelevelof urbanizationandthegeographicdistribution.Theprobabilityof any
communitybeingpickedwasproportionalto thenumberof inhabitantsyoungerthan18
yearsold.Forcommunitieswith lessthan350inhabitantsunder18yearsold, theadjacent
communitywasaddedto thesample.Secondly,anagestratifiedsampleof randomlyselected
childrenandadolescentswasdrawnfrom theofficial registersof localresidentsfor theKiGGS
with atotalof 28,400participantsagedbetween0 and17yearsold [41]. Out of these28,400
selectedparticipants,17,641childrenandadolescentsagedbetween0and17yearsold took
part in theKiGGSfor aresponserateof 62.1%.Thirdly, 7,866participantsagedbetween4and
17yearsold in theKiGGS-samplewererandomlyassignedto thesampleof theMoMo-Study.
Of these7,866participants,4,529childrenandadolescentstook part in theMoMo Studyat
baseline(responserate= 57.6%).Thelongitudinalsamplein thefirst follow-up included2,178
participantsaged10±23yearsold,whichconstitutesanoverallresponserateof 48.1%.For the
purposesof thiswork,only longitudinaldataof 335boysand363girlsaged11±17yearsold at
baselinewereincludedin theanalysis(seeTable1).Youngerparticipantswerenot includedin
theanalysisbecauseavalidandreliablemeasurementof physicalactivitycouldnot beensured
for thisagegroup.For theparticipantsthatwereincluded,thesamemeasurementprocedure
wasusedon bothmeasuringoccasions.Detailedinformation on thedatacollectiontechniques
andqualityof thesamplearepresentedelsewhere[38]. Informedwritten consentwasobtained
from theparticipantsandtheir parentsor guardiansbeforethesubjectsenteredinto thestudy
accordingto theHelsinkiDeclaration.Thestudywasapprovedby theethicscommitteeof the
ChariteÂ, Humboldt Universityof Berlin.

Measurement
Physical activity. Physicalactivitywasassessedby theMoMo PhysicalActivity Question-

naire(MoMo-PAQ) for adolescentswhichmeasuresphysicalactivityin differentsettings
(sportsclubs,leisure-time,school,dailyactivitiesandoverallphysicalactivity) [42]. For this
study,weconsideredonly physicalactivityin sportsclubsbecauseweexpectedthat the
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relationshipbetweenphysicalactivityandmotor abilitieswouldbehighestin thissettingand
becausein Germanyasubstantialproportion of children'sandadolescent'sphysicalactivity
takesplacein organisedsportsclubs[43]. Physicalactivityin sportsclubswasassessedby four
items:type,duration,frequencyandseasonalityof physicalactivity.Bycombiningthesefour
items,anindexwasconstructedrepresentingtheamountof physicalactivityin sportsclubs
(minutesof moderateto vigorousphysicalactivityperweek).Thereliability andvalidity of the
questionnaireareshownelsewhere[42]. Thetest-retestreliability for oneweekdistancewas
0.93for adolescentsagedbetween14and17years.Furthermore,theindexwassignificantly

Fig 2. Flow diagram of recruitmen t.

doi:10.1371/journal.pone.0168539.g002
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correlatedwith theaccelerometerActigraphGT1M (r = 0.35)andthephysicalactivitydiary
PreviousDayPhysicalActivity Recall(r = 0.55)[42].

Physical self-concept. Physicalself-conceptwasassessedby theGermanversion[44] of
thePhysicalSelf-DescriptionQuestionnaire[32]. Thequestionnaireconsistsof 36itemsrepre-
senting6 dimensions:strength,endurance,speed,coordination,flexibility, andgeneralathleti-
cism.For thepurposesof thiswork,only strength,endurance,coordinationandflexibility
wereusedin orderto provideconceptualsymmetrywith thetestof motor abilities.Each
dimensionwasrepresentedby6 itemswith aLikert scalerangingbetween1 and6.Bysum-
ming up theitemsfor eachdimension,therangewasbetween6and36.Forall dimensions,
internalconsistencyrangedbetween0.78and0.94in threedifferentsamplesof adolescents
andyoungadults[44]. In thissample,internalconsistencieswere0.91for strength,0.90for
endurance,0.87for coordinationand0.88for flexibility. Theresultsof explorativeandconfir-
mativefactoranalysesprovidedevidencefor thepostulatedconstructvalidity of thequestion-
naire[44].

Motor abilities
Motor abilitieswereassessedby thephysical-fitnesstestprofile.Assesseddimensionswere
strength(upperandlowerlimb), endurance(cardiorespiratoryfitness),grossmotor coordina-
tion (dynamicandstaticbalance),andflexibility (trunk).

Strength. Dynamicstrengthof theupperextremitieswasassessedusingthepush-uptest
[45]. Subjectswereaskedto do asmanypush-upsaspossiblewithin 40sec.Standinglong-
jumpswereusedto assesslegpower[46]. Maximum distanceof astandinglong-jumpwas
recorded.Theinternalconsistencyof thecompositeindexfor strengthwas0.67.

Table 1. Means and standard deviations at baseline and follow-up (N = 698).

Measurem ent occasi on baseline follow-up t-test

Variable M SD M SD t p

Age (years) 14.2 2.0 20.6 2.0

PA (MVPA min/week) 110.0 144.9 71.6 126.1 6.2 �� .05

Motor abilities

Strength

Push-up (in 40 sec) 13.3 3.5 15.1 4.0 -10.7 �� .05

Standing long-jump (cm) 166.0 29.8 181.7 37.4 -13.0 �� .05

Endurance

PWC 170 (watt) 111.5 36.9 155.9 59.0 -20.8 �� .05

Coordination

Jumping side-to-side (in 15 sec) 34.2 6.2 39.9 6.8 -19.7 �� .05

Single leg stance (contacts in 1 min) 4.5 5.4 2.4 3.8 11.5 �� .05

Backward balancing (steps) 34.8 9.2 39.2 8.0 -13.2 �� .05

Flexibility

Forward bending (cm) -0.3 9.0 1.4 10.0 -6.2 �� .05

Self-concept of motor abilities

Strength 16.9 4.1

Endurance 16.1 4.7

Coordination 17.8 3.3

Flexibility 17.4 3.7

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

doi:10.1371/journal.pone.0168539.t001
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Endurance. Cardiorespiratoryfitnesswasassessedwith thePhysicalWorking Capacity
170(PWC170)cycleergometrytest(attainedwattsat170beats/min)onanERG911S(Ergo-
sana,Bitz,Germany)bicycle[47,48].Initial workloadwascalculatedas0.5watts/kgbody
mass.Theworkloadwasincreasedincrementallyby0.5watts/kgbodymassevery2minutes.
Subjectscontinuedthisprogressiveprotocoluntil their heartrate(HR) exceeded190
beats/minfor at least15seconds,or their pedallingratewaslessthan50revolutionspermin-
utefor at least20seconds,or until theydecidedto stopbecauseof exhaustion.HR wasmea-
suredwith achest-strapT31monitor (PolarElectroOy,Kempele,Finland)immediately
beforeeachincreasein workload.TheHR signalwastransmittedto thebicycleergometer.The
powerin wattsgeneratedbyasubjectataheartrateof 170beats/min(PWC170)wasobtained
by themonitoring investigator'sinter- or extrapolatingthemeasureddatain MicrosoftExcel.

Gross motor coordination. Thegrossmotor coordinationwasassessedby threeitems:
thejumping side-to-sidetest,thesinglelegstance,andthebackwardbalancing.Thejumping
side-to-sidetestwasusedto assessgrossmotor coordinationundertime constraint.Subjects
wereaskedto performasmanyjumpsfrom side-to-sideaspossibleduring two 15-secintervals
within adefinedboundary,andthenumbersfor thetwo intervalswereaveraged.Singleleg
stancewasusedfor assessinggrossmotor coordinationduring staticprecisiontasks.Subjects
wereaskedto standon their dominantlegfor oneminutewith their eyesopen,andthenum-
berof floor contactswith thecontralaterallimb wasrecorded.Thebackwardbalancingwas
basedon abodycoordinationtestandallowedtheassessmentof grossmotor coordination
during dynamicprecisiontasks.Subjectswereaskedto balancebackwardson 6 cm,4.5cm
and3 cmwidebeams,respectively,with two trialsperbeam.Thenumbersof stepson each
beamwereadded.Thetestwasterminatedif onefoot touchedtheground.Theinternalconsis-
tencyof thecompositegrossmotor coordinationindexwas0.73.

Flexibility. A singularforwardbendwasusedfor theassessmentof trunk flexibility and
theflexibility of thesciaticcruralmusclegroup.Thelowestpoint reachedby thefingertips
whilestandingon aboxwith legsextendedwasrecorded.

Data analysis
DatawasanalysedusingtheStatisticalPackagefor SocialScience(SPSS)version22(IBM,
NewYork,USA).Forbivariatecorrelationsanddependentt-testsHolm-Bonferroni-correc-
tion wasconductedto ruleout theproblemof multiple significancetests.Thesignificance
levelwassetapriori at5%.Formotor abilities,rawdatawasusedto calculatemeansandstan-
darddeviations.In orderto ruleout ageandgendereffectsin regressionanalyses,all items
measuringmotor abilitiesweretransformedto standardscoreswith ameanof zeroandstan-
darddeviationof onefor eachsexandagegroupatbaseline.Basedon thesestandardvaluesin
eachitem,compositeindiceswerebuilt for all motor ability dimensions.

Mediationanalyseswereconductedaccordingto theprocedureproposedbyBaronand
Kenny[49]. In thismodel,amediatorisavariablethataccountsfor therelationbetweenthe
predictorandthecriterion.BaronandKennystatedthreeconditionswhichhaveto befulfilled
to showamediationeffect.Firstly,theindependentanddependentvariableshouldbesignifi-
cantlycorrelatedwith eachother.Secondly,theindependentvariableandmediatorshouldbe
significantlycorrelated.Thirdly, themediatorshouldbeasignificantpredictorof thedepen-
dentvariable,whilstcontrolling for theindependentvariable.To analyseindirect effectspath
analyseswereconductedbasedon mediationanalysesaccordingto Hayes[50,51].In each
regressionanalysis,theoutcomevariablewasusedfrom thesecondmeasurementoccasion
(follow-up).Whereas,theinitial statusof thecriterion variableat first measurementoccasion
(baseline)wasusedasanadditionalpredictor(covariate).In thisway,theconfoundingeffects
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of initial statusaccordingto theautoregressionof dependentvariablewereruledout.Variables
measuredatbaselineonly wereusedaspredictors.

In thefirst stepof themediationanalysis,theinitial statusof physicalactivityandmotor
ability atbaselinewereusedaspredictorsof self-concept(measuredat follow-up).Theeffects
of physicalactivityandmotor ability on themediatorvariablewereassessedwhichwasneces-
saryto calculatetheindirect effects.In thesecondstep,self-conceptwasincludedinto the
regressionanalysisasanadditionalpredictor(besidephysicalactivityandmotor ability at
baseline)to predictphysicalactivityat follow-up.Consequentlydirecteffectof motor ability
andtheeffectof mediatorvariableon physicalactivitywereassessed.In thethird step,theout-
comevariablewasmotor ability at follow-up,predictedby thesamevariablesasin thesecond
step.Accordingly,thedirecteffectof physicalactivityandtheeffectof themediatorvariable
couldbeassessed.In thefourth andfifth step,directandindirect effectsin bothdirections
wereanalysed.Themagnitudeof themediationeffectwascalculatedastheproductof both
indirect effects.Asaresultof confidencelimits basedon thenormaldistribution for theindi-
recteffectsoftenbeingfound to beinaccurate[52], bootstrapestimationaccordingto Preacher
andHayeswasused[53]. In thisapproach,1000bootstrapsamplesweredrawnfor thecalcula-
tion. Basedon thebootstrapestimation,95%confidenceintervalsfor theindirect effectswere
calculated.

Results

Descriptive statistics
Table1 presentsthedescriptivestatisticsfor thesampleatbaselineandfollow-up.Theresults
showthat theamountof physicalactivitydecreasedsignificantlyby38.4minutesof moderate-
to-vigorousphysicalactivityperweekduring theperiodof sixyears.On thecontrary,theper-
formancein motor ability testsfor strength,enduranceandcoordinationsignificantly
increasedoverthesameperiodof time.Thestrongestincreasein performancewasobserved
in thedimensionendurance.Theperformancein flexibility significantlydecreasedoverthe
periodof time.Sixyearsafterthefirst measurementparticipantsof thisstudywerefound to be
1.7cm lessflexible.Theratingsof self-conceptwereassessedonly at follow-upandmeanval-
uesvaryin themid-range.

Strength
Theresultsof themultiple regressionsarepresentedin Table2.A simplifiedvisualizationof
theresultsispresentedin Fig3 in ModelA. In thefirst step,physicalactivityandmotor ability
strengthatbaselinewereusedaspredictorsof self-conceptof strengthat follow-up.Bothvari-
ablescouldexplain7.4%varianceof self-conceptof strength.Physicalactivity(β = 0.225)as
wellasmotor ability strength(β = 0.107)hadsignificanteffectson self-concept.In thesecond
step,self-conceptwasincludedinto theregressionanalysisasanadditionalpredictorwhereas
physicalactivityat follow-upwasusedascriterion variable.20.2%of thevarianceof physical
activityat follow-upcouldbeexplainedby thethreevariables.Physicalactivityatbaseline(β =
0.356)andself-concept(β = 0.191)hadsignificantuniqueeffects.Motor ability strengthdid
not haveasignificanteffect.In thethird step,theoutcomevariablewasmotor ability strength
at follow-uppredictedby thesamevariablesasin thesecondstep.In this regression,42.2%of
thevarianceof motor ability strengthat follow-upcouldbeexplained.Motor ability atbaseline
hadthestrongesteffect(β = 0.567)followedby theself-conceptof strength(β = 0.170)and
physicalactivityatbaseline(β = 0.088).In thefourth step,it couldbeshownthat theindirect
effectof motor ability strengthon physicalactivityviaself-conceptsignificantlydeviatedfrom
zero(β = 0.021)whereasthedirecteffectwasnot significant(β = 0.016).In thefifth step,the
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indirect effectof physicalactivityon motor ability strengthviaself-conceptalsosignificantly
deviatedfrom zero(β = 0.038).However,thedirecteffectof physicalactivityon motor ability
strengthwasalsosignificant(β = 0.088).

Endurance
Theresultsof themultiple regressionsfor endurancearepresentedin Table3 andFig3 in
ModelB.In thefirst regression,8.5%of thevarianceof self-conceptendurancecouldbe
explained.It couldbeshownthatphysicalactivity(β = 0.296)but not motor ability endurance
(β = 0.020)wassignificantlyassociatedwith self-conceptof endurance.In thesecondstep,
23.1%of varianceof physicalactivityat follow-upcouldbeexplained.Self-conceptof endur-
ance(β = 0.155)andphysicalactivity(β = 0.400)but not motor ability endurance(β = 0.039)
significantlycontributedto theregression.In thethird step,20.7%of thevarianceof motor
ability endurancecouldbeexplained.Self-concept(β = 0.177)andmotor ability (β = 0.428)
hadsignificantuniqueeffectsbut physicalactivity(β = -0.006)did not. Theresultsof the
fourth stepindicatedthatneitherdirect(β = 0.039)nor indirect effect(β = 0.003)of motor
ability enduranceon physicalactivitywassignificant.In thefifth step,theresultsindicatedthat
only theindirect (β = 0.052)but not directeffect(β = -0.006)of physicalactivityon motor abil-
ity endurancewassignificant.

Table 2. Mediation analysis for the dimension strength.

Regression coef®cients Model summa ry

B SE β t p R R2 F df1 df2 p

Step 1. Criterion: SC (T2) 0.272 0.074 21.7 2 542 0.000

Intercept 15.871 0.206 77.0 0.000

PA (T1) 0.006 0.001 0.225 5.3 0.000

MA (T1) 0.517 0.206 0.107 2.5 0.012

Step 2. Criterion: PA (T2) 0.449 0.202 45.5 3 541 0.000

Intercept -57.832 20.515 -2.8 0.005

SC (T2) 5.926 1.237 0.191 4.8 0.000

MA (T1) 2.441 5.955 0.016 0.4 0.682

PA (T1) 0.285 0.323 0.356 8.7 0.000

Step 3. Criterion: MA (T2) 0.649 0.422 131.5 3 541 0.000

Intercept -0.757 0.121 6.3 0.000

SC (T2) 0.037 0.007 0.170 5.0 0.000

PA (T1) 0.005 0.002 0.088 2.5 0.012

MA (T1) 0.585 0.035 0.567 16.8 0.000

Estimation of direct and indirect effects

B SE LLCI ULCI ��

Step 4. Effect MA on PA

Direct effect 2.441 5.955 -9.257 14.140 0.016

Indirect effect 3.061 1.346 0.959 6.238 0.021

Step 5. Effect PA on MA

Direct effect 0.005 0.002 0.001 0.009 0.088

Indirect effect 0.002 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

coef®cient;SE = standard error; �� = standardized coef®cient;df1 = degrees of freedom of the numerator; df2 = degrees of freedom of the denominator;

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

doi:10.1371/journal.pone.0168539.t002
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Coordination
Theresultsof themultiple regressionsfor coordinationarepresentedin Table4 andFig3 in
ModelC.In thefirst step,13.8%of thevarianceof self-conceptfor coordinationwasexplained.
Physicalactivity(β = 0.212)aswellasmotor ability coordination(β = 0.261)hadsignificant
effectson self-concept.In thesecondstep,19.7%of thevarianceof physicalactivityat follow-
up couldbeexplained.Self-conceptof coordination(β = 0.178)andphysicalactivity(β =
0.368)but not motor ability coordination(β = -0.021)hadsignificanteffects.In thethird step,
theregressionexplained19.2%of thevarianceof motor ability coordinationat follow-up.Self-
conceptof coordination(β = 0.114)andmotor ability atbaseline(β = 0.366)but not physical
activity(β = 0.065)significantlycontributedto theregression.In thefourth step,it couldbe
shownthatonly theindirect (β = 0.046)but not thedirecteffect(β = 0.021)of motor ability
coordinationon physicalactivitywassignificant.In thefifth step,theresultsrevealedthat
againonly theindirect (β = 0.024)but not thedirect (β = 0.065)effectsignificantlydeviated
from zero.

Flexibility
Theresultsof themultiple regressionsfor flexibility arepresentedin Table5andFig3 in
ModelD. In thefirst step,18.5%of thevarianceof self-conceptflexibility wasexplained.

Fig 3. The mediation models.

doi:10.1371/journal.pone.0168539.g003
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Physicalactivity(β = 0.111)aswellasmotor ability flexibility (β = 0.391)hadasignificant
uniqueeffecton self-conceptof flexibility. In thesecondstep,17.2%of thevarianceof physical
activityat follow-upcouldbeexplained.Self-conceptof flexibility (β = 0.106)andphysical
activityatbaseline(β = 0.394)but not motor ability flexibility (β = -0.054)significantlycon-
tributed to theregression.In thethird step,56.6%of thevarianceof motor ability flexibility at
follow-upwasexplained.Self-concept(β = 0.254)andmotor ability atbaseline(β = 0.612)but
not physicalactivity(β = -0.008)hadsignificantuniqueeffects.In thefourth step,it couldbe
shownthatonly theindirect (β = 0.042)but not thedirect(β = -0.054)effectof motor ability
flexibility on physicalactivitysignificantlydeviatedfrom zero.Againin thefifth step,theindi-
rect(β = 0.028)but not thedirect(β = -0.008)effectof physicalactivityon motor ability flexi-
bility significantlydeviatedfrom zero.

Discussion
Themainassumptionof thisstudywasthat theeffectsof motor abilitieson physicalactivity
wouldbemediatedbyself-conceptandwouldnot bedirect (seeFig1). In theoppositedirec-
tion, weassumedthat theeffectsof physicalactivityon motor abilitieswouldberatherdirect
andnot mediatedbyphysicalself-concept.Thisresearchquestionwasexaminedin four spe-
cific domains:strength,endurance,coordination,andflexibility.

Table 3. Mediation analysis for the dimension enduran ce.

Regress ion coef®cient s Model summary

B SE β t p R R2 F df1 df2 p

Step 1. Criterion: SC (T2) 0.292 0.085 10.1 2 418 0.000

Intercept 14.713 0.377 39.0 0.000

PA (T1) 0.009 0.002 0.296 4.4 0.000

MA (T1) 0.087 0.286 0.020 0.3 0.761

Step 2. Criterion: PA (T2) 0.480 0.231 21.7 3 417 0.000

Intercept -27.225 26.998 -1.0 0.314

SC (T2) 4.262 1.716 0.155 2.5 0.014

PA (T1) 0.330 0.053 0.400 6.2 0.000

MA (T1) 4.628 7.238 0.039 0.6 0.523

Step 3. Criterion: MA (T2) 0.455 0.207 18.9 3 417 0.000

Intercept -0.583 0.205 -2.8 0.005

SC (T2) 0.037 0.013 0.177 2.8 0.006

MA (T1) 0.376 0.055 0.428 6.8 0.000

PA (T1) -0.004 0.004 -0.006 -0.9 0.369

Estimation of direct and indirect effects

B SE LLCI ULCI ��

Step 4. Effect MA on PA

Direct effect 4.628 7.238 -9.637 18.193 0.039

Indirect effect 0.370 1.163 -1.848 3.006 0.003

Step 5. Effect PA on MA

Direct effect -0.004 0.004 -0.012 0.004 -0.006

Indirect effect 0.003 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

coef®cient;SE = standard error; �� = standardized coef®cient;df1 = degrees of freedom of the numerator; df2 = degrees of freedom of the denominator;

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

doi:10.1371/journal.pone.0168539.t003
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Strength
In thedomainstrength,themediationeffectsof self-conceptcouldbefound in bothdirections.
Theeffectof themotor ability strengthon physicalactivitywasonly indirect.This indicates
thatwelldevelopedstrengthisassociatedwith amorepositiveself-conceptwhich leadsto
increasedphysicalactivity.Thedirecteffectof motor ability is,however,not significantmean-
ing thatstrengthin our studydoesnot perseinfluencethedevelopmentof physicalability.
Contraryto our assumption,themediationeffectwasalsofound in theoppositedirection.
However,thedirecteffectof physicalactivityon motor ability wasalsosignificantandstronger
thantheindirect effect.Thisresultindicatesthatphysicalactivityprimarily hasadirect impact
on strengthbut therealsoexistsanindirect effectviaself-concept.

Endurance
In thedomainendurance,theeffectof motor ability on physicalactivityisneitherdirectnor
indirect.Thisresultisnot in accordancewith our hypothesisasit wouldmeanthatmotor abil-
ity enduranceisnot important for futurephysicalactivity.However,theself-conceptof endur-
anceissignificantlyassociatedwith physicalactivityindicatingthatself-conceptof endurance
might beanimportant determinantof physicalactivity.Furthermore,theself-conceptof
endurancemediatestheeffectsof physicalactivityon motor ability endurance.This finding

Table 4. Mediation analysis for the dimension coordina tion.

Regression coef®cients Model summary

B SE β t p R R2 F df1 df2 p

Step 1. Criterion: SC (T2) 0.371 0.138 43.6 2 547 0.000

Intercept 16.962 0.165 102.6 0.000

PA (T1) 0.005 0.001 0.212 5.2 0.000

MA (T1) 1.110 0.174 0.261 6.4 0.000

Step 2. Criterion: PA (T2) 0.444 0.197 44.7 3 546 0.000

Intercept -74.742 26.234 -2.8 0.005

SC (T2) 6.497 1.508 0.178 4.3 0.000

PA (T1) 0.288 0.032 0.368 9.1 0.000

MA (T1) -3.271 6.346 -0.021 -0.5 0.606

Step 3. Criterion: MA (T2) 0.438 0.192 43.1 3 546 0.000

Intercept -0.318 0.102 -3.1 0.002

SC (T2) 0.016 0.006 0.114 2.7 0.006

MA (T1) 0.221 0.025 0.366 8.9 0.000

PA (T1) 0.020 0.012 0.065 1.6 0.110

Estimation of direct and indirect effects

B SE LLCI ULCI ��

Step 4. Effect MA on PA

Direct effect -3.271 6.346 -15.736 9.193 0.021

Indirect effect 7.213 2.037 3.973 12.211 0.046

Step 5. Effect PA on MA

Direct effect 0.020 0.012 -0.004 0.044 0.065

Indirect effect 0.007 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

coef®cient;SE = standard error; �� = standardized coef®cient;df1 = degrees of freedom of the numerator; df2 = degrees of freedom of the denominator;

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

doi:10.1371/journal.pone.0168539.t004
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doesnot correspondwith our initial hypothesisbut canbelogicallyexplainedwhenconsider-
ing that thelevelof physicalactivitydecreasesin theperiodof transitionfrom adolescenceto
youngadulthood.Thisreductionin physicalactivitydoesnot necessarilyleadto adeteriora-
tion of motor ability endurancebecausethephysicaldevelopmentin thisperiodof life strongly
influencesmotor ability enduranceandcompensatesfor theeffectsof reducedphysicalactiv-
ity. Theperformancein themotor testfor enduranceincreasesfrom baselineto follow-upby
circaonestandarddeviation.Thisdevelopmentof motor ability enduranceis largerthanthe
developmentof othermotor abilitiesin thisperiodof life.Therefore,therelationshipbetween
motor ability enduranceandphysicalactivitymight beattenuated.However,physicalactivity
influencestheself-conceptof endurancewhichin turn is relatedto themotor ability endur-
ance.Thisshowshow,theindirect effectof physicalactivityon motor ability endurancevia
theself-conceptcanbeexplained.

Coordination
In thedomaincoordination,theindirect effectof themotor ability coordinationon physical
activityissignificantwhereasthedirecteffectisnot. Theseresultscomplywith our hypothesis
meaningthatwelldevelopedcoordinationpositivelyinfluencesthefutureself-conceptof coor-
dination.Furthermore,theself-conceptof coordinationseemsto beimportant for future

Table 5. Mediation analysis for the dimension flexibility .

Regression coef®cients Model summary

B SE β t p R R2 F df1 df2 p

Step 1. Criterion: SC (T2) 0.430 0.185 64.2 2 566 0.000

Intercept 16.763 0.184 91.297 0.000

PA (T1) 0.003 0.001 0.111 2.9 0.004

MA (T1) 1.466 0.146 0.391 10.0 0.000

Step 2. Criterion: PA (T2) 0.414 0.172 39.1 3 565 0.000

Intercept -21.640 24.485 -0.9 0.377

SC (T2) 3.532 1.413 0.106 2.5 0.013

PA (T1) 0.325 0.033 0.394 10.0 0.000

MA (T1) -6.787 5.333 -0.054 -1.3 0.204

Step 3. Criterion: MA (T2) 0.752 0.566 245.4 3 565 0.000

Intercept -1.147 0.139 8.2 0.000

SC (T2) 0.067 0.008 0.254 8.3 0.000

MA (T1) 0.602 0.030 0.612 19.8 0.000

PA (T1) -0.005 0.018 -0.008 -0.3 0.775

Estimation of direct and indirect effects

B SE LLCI ULCI ��

Step 4. Effect MA on PA

Direct effect -6.787 5.333 -17.267 3.689 -0.054

Indirect effect 5.179 2.238 1.073 9.888 0.042

Step 5. Effect PA on MA

Direct effect -0.005 0.018 -0.042 0.031 -0.008

Indirect effect 0.018 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;df1 = degrees of freedom of the numerator; df2 = degrees of freedom of the denominator;

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

doi:10.1371/journal.pone.0168539.t005
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physicalactivity.Accordingly,theeffectof themotor ability coordinationon futurephysical
activityismediatedby theself-conceptof coordination.Motor ability coordinationdoesnot
perseinfluencephysicalactivitybut only indirectly viaself-concept.However,theindirect
effectin thecontrarydirection isalsosignificantandthedirecteffectisnot. This factisnot in
accordancewith our assumption.Weexpectedthat theeffectof physicalactivityon motor
ability coordinationwouldnot bemediatedbut ratherdirect.It seemsthatphysicalactivityis
animportant sourcefor apositiveself-conceptof coordinationandself-conceptof coordina-
tion is relatedto motor ability coordination.

Flexibility
In thedomainflexibility, theconstellationof resultsis thesameasin thedomaincoordination.
Theindirect effectsaresignificantin bothdirectionsanddirecteffectsarenot. Thesefindings
alsopartiallysupportour assumptions.Theindirect effectof motor ability flexibility on physi-
calactivityis in accordancewith our theoreticalposition.Havingaflexiblebodyleadsto apos-
itive self-conceptof flexibility whichin turn influencesfuturephysicalactivity.Contraryto
our assumptions,beingphysicalactivein asportsclubleadsto apositiveself-conceptof flexi-
bility which in turn influencesmotor ability flexibility.

General discussion
Theresultsof our studypartiallysupportour assumptions.In threedomains,theeffectsof
motor abilitieson physicalactivityweremediatedbyself-conceptwhereasthedirecteffects
werenot significantmeaningthat therewasafull mediation.Similarresultswerefoundby
Barnettandcolleagues[18] whofound that theeffectsof locomotorskillson physicalactivity
werefully mediatedbyperceivedsportcompetence.Thesefindingsarecongruentwith thethe-
oreticalpositionsof Harter,Weiss,andcolleagues[15,54,55].Accordingto thesetheories,the
masteryexperiencesleadto apositiveself-concept,whichisanessentialcomponentfor main-
tainingphysicalactivityin childrenandadolescents.Thesepositiveexperiencesandtherelated
positiveself-conceptseemto beespeciallyimportant in theperiodof transitionfrom adoles-
cenceto youngadulthoodasin thisperiodtheamountof physicalactivitydecreasesandmany
individualsstopbeingphysicallyactivein sportsclubs[43]. In thisdevelopmentalperiod,
changesin self-conceptoccurwhichareimportant for futurepsychologicaldevelopmentof
theindividual.Motivationalstrategiesto increasepositiveperceptionsof selfcouldbeimpor-
tant to increasethemaintenanceof physicalactivityin thetransitionfrom adolescenceto
youngadulthood.

However,resultsfrom theanalysisin theoppositedirectioncontradictour assumptions.
Weexpectedto find only directbut not indirect effectsof physicalactivityon motor abilities.
Instead,wefoundsignificantindirect effectsin all four domainsandthedirecteffectwasonly
significantin thedomainof strength.However,theseresultsarecongruentwith thefindings
of thestudyconductedbyBarnettandcolleagues[18]. In thisstudy,theresearchersfound that
theeffectsof physicalactivityon locomotorskillsarealsofully mediatedbyperceivedsport
competence.Theseresultsmeanthatphysicalactivityisanimportant sourceof information
for shapingthephysicalself-concept.Adolescentsseemto usetheexperiencesmadeduring
physicalactivityto form their self-concept.Furthermore,thisself-conceptispositivelyrelated
to motor abilities.This finding canonly beexplainedbyanexpectationeffectin whichaposi-
tiveself-conceptisassociatedwith elevatedexpectationswhichin turn positivelyinfluenceper-
formancein motor tests.However,thedirecteffectsof physicalactivityon motor abilities
might beattenuatedoveraperiodof sixyearsasin thisstageof life greatdevelopmentsin
motor abilitiesoccurandthestabilityof physicalactivityis ratherlow [56].
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In general,it canbestatedthat theeffectsin bothdirectionswererathersmall.Forashorter
periodof time,greatereffectscouldbeexpected.It ispossiblethat in our modelsome
unknowntheoreticalmechanismsor methodologicalissues(e.g.longdistancebetweenmea-
surementoccasions)existwhichcouldexplainthesefindings.Therefore,further studiesare
neededto clarify thesetheoreticalandmethodologicalissues.

Thisstudyhasseveralmeritsandlimitations.It isbasedon anationwiderepresentative
sampleof adolescentsandyoungadultsin Germany.Thesampleissufficientlylargeto detect
evensmalleffects.Thelongitudinaldatausedin thiswork providestrongerevidencefor causal
effectsthancross-sectionaldata.Direct aswellasindirect effectswerecontrolledfor thestabil-
ity of thepredictedvariable.In thisway,spuriousnesscouldbereduced.However,self-concept
wasmeasuredonly at follow-upbut not atbaseline.Therefore,thechangesof self-concept
overtime cannotbeevaluated.An analysisof thedifferencesin self-conceptwouldprovidean
evendeeperunderstandingof thedevelopmentalissues.Furthermore,themeasurementof
endurancebasedon PWC170might not bethemostreliableandvalidmeasurementmethod
of enduranceto date.Therefore,thefindingsin thedomainenduranceshouldbeconsidered
with caution.Thelagbetweenthemeasurementoccasionsmight havebeentoo longto
soundlyinvestigatethemechanismsof mediations.Therefore,further studieswith closertime
framesbetweenmeasurementswould increasetheaccuracyof theinvestigation.Finally,physi-
calactivitywasmeasuredbysubjectivemeasurementmethodswhichwereshownto havelim-
ited reliability andvalidity [57]. It ispossiblethatobjectivemeasurementmethodsof physical
activitywouldyield largereffectsthanfound in thisstudy.

Conclusions
Thisstudyprovidesinsightsaboutrole thephysicalself-conceptasapredictorandmediatorin
therelationshipbetweenphysicalactivityandmotor abilities.Theresultsof thisstudysupport
theassumptionthat theeffectsof motor abilitieson physicalactivityarenot directbut rather
mediatedbyself-concept.Self-conceptseemsto beanimportant determinantof adolescentsÂ
physicalactivity.Especiallyin thetransitionperiodbetweenadolescenceandyoungadulthood,
interventionsaimingto increasepositiveself-conceptarepromising.However,theeffectsof
physicalactivityon motor abilitiesarealsopartiallyindirect andmediatedbyself-conceptand
that isnot compatiblewith our theoreticalconsiderations.Furtherstudiesareneededto
resolvetheoreticalandmethodologicalissues.
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