


well as for a bifactor model. The bifactor model was privileged for theoretical reasons. Analy-

ses were performed on a shortened questionnaire of 27 items as 3 items (2, 12 and 14) had

non-significant loadings in prior path analyses. Age and gender differences were found in

specific sub-factors of the MCQ-Af; positive and negative metacognitive beliefs seem to

increase with age; girls seem to score higher on the negative metacognitive beliefs and

thought control dimensions. The study further reports specific links between anxiety mani-

festation and negative and positive metacognitive beliefs, as well as confidence in one’s

memory. A modest influence of age and gender on this link was also highlighted.

Conclusion

The present research provides the first evidence that the MCQ-Af is a valid and reliable

instrument to assess individual differences of metacognitive beliefs in French-speaking ado-

lescents. Nevertheless, it highlights that caution should be taken in regards of 3 items in par-

ticular (items 2, 12 and 14). Furthermore, age and gender in assessed samples of

adolescents might influence the scores of the different dimensions of the questionnaire.

Introduction

TheMeta-CognitionQuestionnaire(MCQ) wasdevelopedbyCartwright-Hatton andWells
[1] to quantifythequalityof metacognitivebeliefsandprocessesthatarecontributing to the
elaborationandmaintenanceof emotionaldisorders.Thequestionnairerelatesto different
levelsof metacognition,metacognitivebeliefsandprocessessuchasmonitoring andcontrol in
link with worriesandmeta-worriesthatarecentralto theMetacognitionTheory(MCT) devel-
opedbyWellsandcolleagues[2±4].

The Metacognition Theory (MCT)

TheMCT [2±4]considersthreeinteractivelevelsof cognitionwherethelowestlevelrelatesto
theautomaticprocessingof external,affective,cognitiveor physiologicalstimuli, thesecond
levelto thecognitivestyleor processesof thoughtsandactionsmaintainingcognitiveself-reg-
ulation in responseto intrusions,andthehigherlevelto themeta-systemencompassing
beliefs,plansandmetacognitiveknowledgestoredin memory[2±4].In psychologicallyvulner-
ableindividuals,thesecondlevelof cognitivestyleis triggeredby thelowerlevel'sintrusiveor
misinterpretedstimuli. This intermediateleveliscontinuallysustainedby thehighermeta-sys-
temwith themeansof highlycontrolledandmonitoredthoughts,plansor beliefs.Wellsand
Matthews[5] in theSelf-RegulatoryExecutiveFunction(S-REF)modelstipulatesthat thecog-
nitive styleis representedasapersistentcyclewherethoughtsmaybecaughtin amaladaptive
styleof appraisalandexcessiveself-centeredattention,definedastheCognitiveAttentional
Syndrome(CAS).Thissyndrometakesform in worriesandruminations,andis thoughtto
function on negativeinformation,directingattentiontowardsthreateningstimuli. Further-
more,suchattentionalstrategiesandexcessiveworriesemployedfor self-regulationoftenfail
to updatethemetacognitiveknowledgeof thehigherlevel.Capturedin thisviciouscircle,
theseexcessiveanddisruptiveworriescanbecomethesolecopingstrategyusedbyanindivid-
ual to reactnot only in faceof threatsbut moreoverto respondto emotionsgeneratedby the
worriesthemselves.Theseworriesaboutworriesor meta-worriescouldthenleadto psycho-
logicalsufferingandemotionaldistress[5].
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The metacognition questionnaire

TheMeta-CognitionQuestionnaire(MCQ) for adultswasdevelopedbyCartwright-Hatton
andWellsin 1997[1] to quantifythequalityof metacognitivebeliefs(higherlevelof metacog-
nition) andprocesses(intermediatelevelof metacognition)describedin theMCT. The
MCQ-A wasthenadaptedfor adolescentsin 2004byCartwright-Hatton,Mather,Illingworth,
Brocki,Harrington etWells[6]. Theadultversionwasadaptedandvalidatedin manydifferent
languages[7±13],aswellastheadolescentversion[14±17]andthechild version[18,19].Even
thoughtheMCQ Frenchversionfor adulthasbeenvalidatedafewyearago[7], theneedto
useanadolescentversionfor our youngFrenchpopulationin bothclinicalandnon-clinical
settingsisstill verymuchneeded.Our aim is thereforeto provideavalidquestionnairefor the
French-speakingadolescentpopulation.

Metacognitive beliefs and psychopathology

TheMeta-CognitionQuestionnairesfor adults(MCQ) andAdolescents(MCQ-A) arewidely
usedin clinicalpsychologyandpsychiatricresearch.Initially, theS-REFmodelandtheCAS
weredescribedin Wells'metacognitivemodelof generalizedanxietydisorder(GAD). Worries
associatedwith GAD thatwouldbesimilar in natureandin contentto the«normalandadap-
tiveworries»arecalled«positivemetacognitiveworries»[20] i.e.item 7 of theMCQ «I need
to worry in orderto keeporganized».Butworriesparticularlylinked to thebeliefsaboutthe
uncontrollabilityof thoughtsandaboutworriesthemselves,areconsideredasmaladaptive,e.g.
«negativemetacognitiveworriesandbeliefs»[5]. Whenassociated,thosepositiveandnega-
tivemetacognitiveworriesasrepresentedin Well'smodelcanleadnot only to GAD but also
to otheremotionalandpsychologicaldisorderssuchassocialanxiety[4], obsessive-compul-
sivesdisorder(OCD) [21], post-traumaticstressdisorder(PTSD)[22] aswellasdepression
[23] andpsychoticspectrumdisorder(PSD)[24].

In thisstudywewill analyzetherelationshipbetweentheMCQ-A Frenchversionandanxi-
etymanifestationsfor thepurposeof comparingtheresultswith theoriginal validationof the
Englishadolescentquestionnaire[6].

Metacognitive beliefs and adolescence

Studieshavingmeasuredmetacognitivebeliefs,aswellascontrol andmonitoring of thoughts
usingtheMCQ, yieldheterogeneousresultsconcerningtheir evolutionwith age,in clinicalor
non-clinicalsamples[6, 25±28].Someauthorshavesuggestedthatmetacognitivebeliefsat the
ageof 13couldbecomparedto metacognitivebeliefsin adulthood[25,27,29].

However,theliteratureconvergeson thedevelopmentalconsiderations,namelythatadiffi-
cultyof thoughtcontrol wouldonly beconceptuallyvalidaroundtheageof nine [30] asthe
cognitiveabilitiesneededto developsuchmetacognitivebeliefs,especiallythoserelatedto anx-
iety,wouldrequiretheability to predictthefutureandtheability to develophypotheticalcon-
sequencesandsolutions[31]. Thus,thedevelopmentof metacognitivebeliefsisgradual[32,
33]andrequiresincreasingability to control,planandself-regulatebehavior[31]. Moreover,
developmentalneurosciencedemonstratesthatanumberof differenthigherorderpsychologi-
calprocesses,sustainedbymetacognitivebeliefs,suchasthinking aboutoneown'scognitive
andemotionalfunctioning,haveparticularmaturationtrajectoriesduring adolescenceuntil
mid-to-lateadolescencebeforeshowingrelativestability[34±36].Furthermore,VanDuijven-
voordeandal.(2016)observedage-relatedchangesin prefrontalconnectivitywith subcortical
structuresimplicatedin emotionalevaluation,control andmonitoring [37]. It isalsocorrobo-
ratedbystudiesthatgreymatterandwhitemattervolumeshavedifferenttrajectoriesin males
andfemales[38].
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Asthesestudiessuggest,behavioralandemotionalself-regulationaswellasmetacognitive
processesshouldcontinueto matureuntil lateadolescence.Theseobservationsmotivatedthe
presentinquiry to askwhetherageandgenderinfluencetheexpressionof metacognitive
beliefsin asampleof francophoneadolescents.

The present study

First,wetestthestructuralvalidity of thescores'interpretationof theMeta-CognitionQues-
tionnairefor Adolescent,Frenchversion(MCQ-Af), with confirmatoryfactoranalyses.In
CartwrightandWells'first validation[6], theauthorconcludedto ahigherorderfactormodel,
meaningthatall 5 factorswould loadon asinglegeneralfactorillustratingtheMCQ-A total
score.However,numerousstudieshavingusedtheMCQ in thecontextof differentpsychopa-
thologies,haveshownverydifferentpatternsof relationsbetweenthegeneralfactorwith each
of thefivefactors,themostinfluentialbeingnegativemetacognitivebeliefsfor agreatmajority
[4, 21±24].Weexpectthat thebifactormodelwouldbestexplainthescoresin our population.
In thismodel,thecommonvariancesof itemswouldberevealedin theso-called«breadthfac-
tor »ratherthanin theindirect loadingof a«generalhigherorderfactor»on all items.Bifac-
tor modelsareoftenusedin cognitiveandpsychopathologyresearchto distinguishtherelative
importanceof domainspecificfactorsoverageneralfactor[39±41].In our caseit is indeedof
particularinterestbecauseit will bring to theforetheindependentvariancesof thefivefactors
recognizedashavingdissimilarpatternsof influenceoverothervariables,suchaspsychopath-
ologicalmanifestations[4, 21±24].

Wethencompletethevalidationof theMCQ-Af, with theanalysesof internalconsistency
(Cronbach'sα) andtest-retestreliability (Pearson'scorrelationr).

Our secondaim is to investigatethelinks betweenMCQ-Af andRevised-Children'sMani-
festAnxietyScale(R-CMAS)[6, 42],comparetheresultsto theonesof thisoriginal validation
of theEnglishversion[6] andconfirm this link with simpleandstepwiseregressions.

Finally,consistentwith developmentalpsychologyandneuroscienceresearch,wehypothe-
sizethatagewill impactthescoresof thisself-reportedmeasureof metacognitivebeliefsand
processes.Astheyoungpeoplein our sample,agedbetween13and17,havenot fully devel-
opedtheconnectivitybetweenpre-frontalandsubcorticalregions[37], their metacognitions
wouldnot havereachedthesamelevelasadults'metacognitions.Therefore,weexpectthe
scoresof theMCQ-Af wouldcontinueto significantlychangewith age.

Methods

Participants

Initially, atotalof 245adolescentsbetween13and17wereenrolledto participatein thisstudy.
Advertisementsaddressedto headmastersweredistributedin schoolsof French-speaking
SwitzerlandandwereapproachedbyYLSwhopresentedthestudy.TheMeta-Cognition
Questionnairefor Adolescents,Frenchversion(MCQ-Af) andtheRevised-Children'sMani-
festAnxietyScale(R-CMAS),Frenchversion[42] wereadministeredin theclassroom,in the
presenceof their primary teacherandunderthesupervisionof YLS.Written informedconsent
wasreceivedfrom all 245participantsandtheir parentsunderprotocolsapprovedby thecan-
tonalethicscommitteefor humanresearchof Geneva,Switzerland,andby theethicscommit-
teeof thepsychologyandeducationalsciencesdepartmentof theuniversityof Geneva.

Fromthe245submittedMCQ-Af, weexcluded12questionnaires(4 non-answeredand8
of non French-speakingparticipants),aswellas19incompletequestionnaires.Therefore,214
adolescents(100boys,114girlsbetween13and17,averageage15.43(SD= 1.25)werefinally
integratedin thevalidationanalysisof theMCQ-Af.
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A subsampleof 64students(26boys,38girls,agedbetween15and17,M = 15.76;SD= .84)
answeredtheMCQ-Af asecondtime afteranaveragetime of 2.07weeks(after2 weeksfor all
classes,exceptafter3weeksfor 1 classof 15)for thepurposeof test-retestanalyses.

Theanalysesof thelinks betweenmetacognitionandanxietywerebasedon asampleof 197
adolescents(97boys,100girls,between13and17,meanage15.28,SD= 1.21),incomplete
questionnairesandquestionnairesshowingascoreabovethe90th percentileson thesocial
desirabilityscale(n = 3) of theR-CMAShavingbeendisregarded.

Measures

The MCQ-A [6] wasoriginallyvalidatedwith afivefactorsolution,eachfactorconsistingof 6
itemsratedon a4-point Likert scale,rangingfrom «do not agree»,«agreeslightly»,«agree
moderately»and«agreeverymuch».Foreachfactortheminimum scoreis therefore6 and
themaximumscore24,theminimum total scorebeing30andthemaximumtotalscore120.
Factor1:«Positivemetacognitivebeliefs»(factorMCpos).Factor2:«Negativemetacognitive
beliefs»(factorMCneg).Factor3:«Cognitiveconfidence»(factorConfidence).Factor4:«
Negativebeliefsaboutthoughtsin generallinked to superstitions,punishmentandresponsibil-
ity »(factorControl).Factor5:«Cognitiveself-consciousness»or «monitoring »(factorCon-
science).Theitems'translationwasreproducedfrom theFrenchversionof theadultMCQ (65
items)madebyLaroi,VanderLindenetd'Acremont[7], whoproceededwith aforward-back-
wardtranslation.All 30translatedcorrespondingitemswereretained,with theexceptionof
item 2 thatwasadaptedto amoreadolescentlanguage.Of note,this item wasalsoadapted
from theEnglishadultversionto thecorrespondingadolescentversion[6].

The Revised-Children’s Manifest Anxiety Scale (R-CMAS), French version [42] consists
of 37written questionsansweredby«yes»or «no ».Thefour subscalesarephysiologicalanxi-
ety(somaticmanifestations,10items),worriesandsensitivity(vulnerabilityto environmental
pressures,11items),socialworries(worriesaboutselfin relationto others,7 items)andasub-
scaleof socialdesirability(9 items).Theadditionof thefirst 3 subscales(28items)equalsthe
total scoreof anxiety.Thescoresarestandardizedfor childrenandadolescentsbetween6 and
19andfor gender(scoreT = 10,SD± 3 for subscales;scoreT = 50,SD± 10,for total score).
High anxietylevelscorrespondto highscores,total scorevaryingbetween23and81,ascore
above60beingconsideredof clinical interest.Thequestionnairehasgoodpsychometricquali-
ties,aninternalconsistencyof α = .84,reliability correlationsbetween.62and.74andconver-
gentandconstructvaliditiesof arelativelygoodsensitivity.Howeverthephysiologicalanxiety
subscaleindexhasaratherlow sensitivity[43].

Analysis procedure

Theprocessof validationof theMCQ-Af includedconfirmatoryfactoranalyses(CFA),mea-
suringof internalconsistency(Cronbach'sα) andreliability by test/re-test(Pearson'scorrela-
tion r). Wealsoanalyzedinfluenceof ageandgenderwith simpleandstepwiselinear
regressions.

AnalyseswereperformedusingStatisticaversion12.CFAwasconductedwith structural
equationmodelling(SEM)usingSPSS-Amos,version23.Weproceededbycomparisonof 4
modelse.g.theunidimensionalfactormodel,thesecondorderfactormodel,thecovariatefac-
tor modelandthebifactormodel.Theunidimensionalfactormodel(model1) considersasin-
glegeneralfactorloadingon all itemsdirectly.Thesecondorderfactormodel(model2)
illustratestheloadingsof asinglehigherorderfactoron all 5 factorsasproposedin theoriginal
Englishvalidation[6]. Thebifactormodel(model3) explains,on theonehand,auniquefactor
(thebreadthfactor)explainingthesharedvarianceof all items,and,on theotherhand,the5
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factorsexplainingspecificvariances.Finally,thecovariatefactormodel(model4) showsthe
covariancesof the5 factorswithout consideringahigherorderfactor.

Asthequestionnaireisusinga4 Likert responsescale,scoresaregenerallyconsideredcate-
gorical.Model fit wasthereforeestimatedusingtheunweightedleastsquares(UWLS)asis
appropriatewhenhandlingwith categoricalfactorindicatorsandassumingviolationof multi-
variatenormality.Severalfit indiceswereselectedto evaluatemodelfit. Firstweexaminedthe
χ2 dependingon samplesizebeingthereforerarelynon-significant[44]. Wethereforealso
examinedthegoodnessof fit index(GFI) evaluatingthecorrespondencebetweenthemodel
andthedata,valuesabove0.90indicatingagoodmodelfit [45]. Discrepancyof residual's
covariancematriceswereestimatedusingRootMeansquareResidual(RMR)whichindicates
agoodfit whenvalueis lowerthan0.08andanexcellentfit whenlowerthan0.05[44]. For
baselinecomparison,weselectedtheNormedFit Index(NFI) showinghowfar betweenthe
independentandthesaturatedmodelthedefaultmodelissituated(thedefaultmodel
improvestheindependentmodelby theobtainedvaluepercentage)andtherelativeFit Index
(RFI) independentof samplesize;valuesof both indicesgreaterthan0.90and0.95respectively
indicatingagoodfit [45±48].Finally,for parsimonycomparison,wealsoindicatedtheParsi-
moniousNormedFit Index(PNFI) takinginto accountcomplexityof themodels.

Thelink betweenmetacognitionandanxietywasfirst examinedwith thecorrelationsof the
MCQ-Af andtheR-CMAS[42] scores.In their articleCartwright-Hatton andal.[6] have
observedasignificantlink betweenfactorMCnegandanxietymanifestations.Weexamined
this link further with simpleandstepwiseregressionstakingalsointo accounttheeffectof age
andgender.

Results

All factorscoresandthetotal scoreof theMCQ-Af werenormallydistributed.Thescore
meansof our sampleof 214,aged13to 17(100boys,114girls,meanage15.43,SD= 1.25)and
subsampleof 64,aged15to 17(26boys,38girls,meanage15.76,SD= 0.84),werecomparable
but slightlyhigherthantheone'sobtainedbyCartwright-Hattonandal.[6] basedon asample
of 166English-speakingadolescentsof thesameage(Table1).

Individual Confirmatory Factor Analysis (CFA)of itemsandtheir own factorshowed
that item 2,12and14wereproblematicastheloadingswerenon-significant.Overallloadings
hadthefollowingvalues:standardizedloadingsbetween.49et .77for MCpos;between.43et
.78for MCneg(except.06for item 2) between.68and.90for Confidence(exceptfor .32for

Table 1. Comparison of means and standard deviations (SD) of the 5 factors of the MCQ-A and MCQ-A total

score.

C-H

N = 166 N = 214 n = 64

Agerange 13±17 13±17 15±17

%girls 65.7% 53.3% 59.4%

MCQ-A 58.5(15.0) 61.48(12.01) 66.53(7.71)

MCpos 10.7(4.5) 11.29(3.89) 12.25(3.41)

MCneg 12.4(4.8) 12.03(3.81) 14.02(3.46)

Confidence 10.3(3.7) 10.73(3.83) 10.91(3.22)

Control 11.5(3.6) 11.66(3.67) 12.88(3.82)

Conscience 13.9(4.0) 15.75(3.72) 16.43(3.41)

Scoresin Cartwright-Hatton andal.(C-H) N = 166andour samplesof N = 214andn = 64.

https://doi.org/10.1371/journal.pone.0230171.t001
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item 14);between.45et .72for Control;between.46et .82for Conscience(exceptfor .18for
item 12).Items2,12and14loadingbelowthevalue0.35andnon-significantweretherefore
excludedfrom our subsequentanalysis.

The CFA wasthereforecompletedwith theshortenedquestionnairecomprising27items
(MCQ-Af27).Wefirst compared4 differentmodels,theunidimensionalfactormodel(model
1), thesecondorderfactormodel(model2), thebifactormodel(model3) andthecovariate
factormodel(model4).Loadingsof residualson itemswerefixedto 1,aswellastheminimum
amountof loadingsof latentvariableson itemsi.e.oneloadingof eachlatentvariableon acor-
respondingitem.While theunidimensionalfactormodelshowedtheworstfit indices,the
bifactormodelandthecovariatefactormodelyieldedthebestindices.Nevertheless,thetwo
latterhadanRFIbelow0.9(Table2).Modification indicesrevealedthatallowing4 itemsto
loadon multiple factorswould improvethemodelfit. Therefore,weexaminedmodel2,3 and
4with those4 cross-loadingsandnoticedabetterfit for eachmodel2a(thehigherorder
model),3a(thebifactormodel,Fig1) and4a(thecovariatefactormodel,Fig2),seeTable2.

Correlations of the5 factorsof theshortenedMCQ-Af27questionnairewerepositiveand
significant,indicesvaryingbetweenr = .14andr = .41(p< .001);theonly non-significantcor-
relationwasfoundbetweenfactorsConfidenceandConscience(r = .02,p = .808)(TableA in
S1Appendix).Powerfor Pearson'scorrelationr = .20consideringour 214participantswas
84%,maximumpowerobtainedfor acorrelationof r = .34.

Internal consistency

Cronbach'salphaswereof acceptablevaluesandcomparableto Cartwright-Hattonandal.[6],
particularlyif consideringthecorrectedMCQ-Af27,showingacceptableinternalconsistency
for all 5 factorsandtotal score,α between.684and.852(Table3).

Test-retest reliability

Sixty-fourparticipants(n = 64;26boys,38girlsbetween15and17,meanage15.76,
SD= 0.84)underwenttheretestof theMCQ-Af after2weeks(3 weeksfor 1classof 15,average
2.07weeks),thesameintervalasusedin theEnglishversionof Cartwright-Hattonandal.[6].
Pearson'scorrelationsin our sampleweresimilar to theEnglishversion(r between.63and
.77,p< .001)with theexceptionof theMCnegfactor'scorrelationbeingmuchhigherin our
analysis(.75versus.24),thereforeimplying anoverallacceptablereliability.Wecalculatedthe
confidenceintervalof thecorrelationsfor atypeI error of .10andcountedthenumberof indi-
vidualsincludedin theinterval.Thepercentageof individualshavingscoredin thatconfidence
intervalrangesfrom 62.25%to 81.25%(Table3).

Relationship between metacognition and anxiety

Theanalysisof thelinks betweenmetacognitionandanxietyarebasedon asampleof 197ado-
lescents(97boys,100girls,between13and17,meanage15.28,SD= 1.21).

Weanalyzedtheassociationsusingboth theMCQ-Af with all 30items,for comparison
with Cartwright-Hatton'sandal.results,andthecorrectedMCQ-Af27(minusitem 2,12and
14).All factorscoresof theMCQ-Af andMCQ-Af27werenormallydistributedin thissample
of 197.Anxietytotal scoresof theR-CMASalsohadanormaldistribution andwerecongruous
to thenorms.Thedifferencesof meansof theMCQ-Af scoreswith theoriginalsampleof 214
werenon-significant(TableB in S1Appendix).

All factorsof theMCQ-Af27andtotal scorewerepositivelyandsignificantlycorrelated
with theR-CMAStotalscore.Theweakestcorrelationr = .16,p = .029concernedfactorConfi-
dence.Thestrongestcorrelationswerer = .56,p< .001betweenthe2 total scoresandr = .56,
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p< .001betweenthetotal scoreof R-CMASandfactorMCneg(TableC in S1Appendix).The
powerof Pearsoncorrelationr = .20for asampleof 197was83.2%,maximumpowerattained
with r = .35.

Simplelinearregressionsof thescoresof eachfactorof theMCQ-Af27wereanalyzedin
relationwith thetotal scoreof R-CMAS.Theresultsshowedthat the5 factorsandtotal score
of theMCQ-Af27hadeachapositiveandsignificanteffect,factorMCnegexplainingthemost
variancealongwith theMCQ-Af total score,factorsConscienceandConfidencehavingarela-
tivelyweekinfluence.Whenall 5 factorsareincludedin astepwiseregression,Control and
Consciencedid not bring anysignificantvarianceto themodel(Table4).

Influence of age and gender

Metacognition. All theanalyseswereperformedon theMCQ-Af27,excludingitems2,12
and14.Thesimplelinearregressionsshowedthat takenindependently,agehadamoderate
but significantpositiveinfluenceon factorConscience(F(1.21)= 6.38,p = .012,R2 = 2.46%)
andtotal score(F(1.21)= 5.81,p = .017,R2 = 2.21%);genderhadainfluenceon factorMCneg
andControl:MCneg:F(1.21)= 13.83,p< .0001,R2 = 5.68%;Control:F(1.21)= 5.88,p = .016,
R2 = 2.24%,MCnegandControl beinghigherin girls.

Furthermore,comparisonof meansusingStudent'st testshowedthat3 factors,MCneg,
MCposandConscience,increasedsignificantlyandspecificallybetweenage13and16
(between13and17for factorConscience,differencesfor theremainingscoresbetween16and
17werenon-significant)(Table5).

Thestepwiseregressionshowedaparticipationto total varianceof 50.82%for MCneg,
22.61%for Control,12.98%for MCpos,6.75%for Confidenceand6.08%for Conscience.
Whenincludingageandgender,ConfidenceandConsciencedid not participateto thetotal
variance,ageaccountingfor 2.21%andgenderbeingnon significant.

Metacognition and anxiety. Anxietyscoresfrom theR-CMASdid not varysignificantly
with ageandgender.However,in thestepwiseregressionincludingall 5 factorsof the
MCQ-Af27,aswellasageandgender,ageadded1.51%andgender1.58%to thetotal variance
of 37.11%,F(6.190)= 20.280,p< .001(Table6).Ageplayedaparticularrole in boys(R2 =
10.22%,p = .002versusR2 = 0.26%,p = .621in girls).Genderdifferencesweresignificantpar-
ticularlyatage14,with acontribution to thevarianceof R2 = 15.83%,p = .029.All agescon-
founded,Confidence(alongwith MCnegandMCposin alesserdegree)playedamore
significantrole in girls thanin boys(R2 = 4.12%,p = .047for girlsversusR2 = 0.78%,p = .399
for boys).

Table 2. Comparison of model fit indices of 4 models of the MCQ-Af27.

χ2 df RMR GFI NFI RFI PGFI

Model1 Unidimensional 933,13 328 0,108 0,827 0,692 0,670 0.717

Model2 Higherorder 862,71 324 0,104 0,840 0,715 0,691 0.722

Model2a 670,70 318 0,091 0,875 0,778 0,755 0.736

Model3 Bifactor 334,30 301 0,064 0,938 0,890 0,871 0.747

Model4 Covariate 287,44 314 0,060 0,947 0,905 0,894 0.786

Model3a 271,03 297 0,058 0,950 0,910 0,894 0.752

Model4a 248,48 310 0,056 0,954 0,918 0,907 0.782

Model2a,model3aandmodel4a:respectivemodelswith crossloadings.

https://doi.org/10.1371/journal.pone.0230171.t002
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Discussion

Our analysesfirst showedthat theMCQ-Af isavalidandreliabletool,providing thefirst ques-
tionnaireavailableto assessmetacognitionsin aFrench-speakingadolescentssample.The
samefivefactorstructureasreportedin theEnglishversionbyCartwright-Hattonandal.[6]
wasidentifiedin our study.However,wesupportedthat thebestmodelrepresentingour sam-
plewasabifactormodelinsteadof ahigherordermodel.Secondly,associationsbetween
MCQ-Af andR-CMASscoresshowedthat,consistentwith moststudies,thefactormeasuring
negativemetacognitivebeliefshadthestrongestinfluenceon anxietyscores.Finally,our analy-
sesshowedthatMCQ-Af factorsandtotal scoresincreasedwith ageandthatageandgender
alsoinfluencedthelink betweenMCQ-Af27andR-CMASscores.Specifically,we

Fig 1. Bifactor model of MCQ-Af (27questions). Numbersarrowedon latentvariablesrepresentvariance,
v = variance;r2 = squared multiplecorrelations.

https://doi.org/10.1371/journal.pone.0230171.g001
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Fig 2. Covariate factor model of MCQ-Af (27questions). Numbersarrowedon latentvariablesrepresentvariance,
v = variance;r2 = squared multiplecorrelations.

https://doi.org/10.1371/journal.pone.0230171.g002

PLOS ONE Validation of the French Metacognition Questionnaire for adolescents: Influence of age and links with anxiety

PLOS ONE | https://doi.org/10.1371/journal.pone.0230171 March 11, 2020 10 / 18

https://doi.org/10.1371/journal.pone.0230171.g002
https://doi.org/10.1371/journal.pone.0230171


demonstratedthatageplaysaparticularrole in boys,thussuggestingdifferencesbetween
youngerandolderadolescents,aswellasbetweenboysandgirls.Theseresultsarediscussed
below.

Validation of the MCQ-A

Our prior pathanalysesshowedthat loadingsof factorson their itemsweregenerallyaccept-
able.However,threeitems,item 2,12and14,hadnon-significantloadingsandwereproblem-
aticfor our further confirmatoryanalyses.Item 2 ispartof thenegativemetacognitivebeliefs
factor(MCneg)andrelatesto meta-worriesandthedangerof worrying.It isworth noting that
othervalidationstudiesof theMCQ-A in otherlanguageshavealsoencounteredthesame
problemparticularlywith item 2(i.e.in aDutchsample[14]). Item 12relatesto factorCon-
scienceor thoughtmonitoring, conceptsthatmight havebeendifficult to apprehend,particu-
larly in youngeradolescents.Asfor item 14,it containsatime appreciatione.g.«at times»,
andaheterogeneousinterpretationfrom our youngpopulationmayunderliethenon-signifi-
cantresult.In viewof theseresults,wesuggestthat these3 itemsshouldbegivenparticular

Table 3. Internal consistency and reliability of MCQ-A scores.

Cronbach’s alpha Reliability (Pearson r) Mean T1 Mean T2 CI %

C-H N = 214 C-H n = 64 n = 64 n = 64 n = 64 n = 64

MCQ-A30 0.91 0.842 .34(p = .017) .77(p < .001) 66.53(7.71) 62.68(9.29) [63.44;69.62] -

MCQ-Af27 - 0.852 - .78�� 58.49(8.10) 54.85(9.20) [55.56;61.42] 68.75

MCpos 0.88 0.807 0.77 .73�� 12.25(3.41) 11.59(3.67) [10.81;13.69] 67.19

MCneg 0.84 0.726 0.24 .78�� 14.02(3.46) 13.64(4.01) [12.74;15.30] -

MCneg-Q2 - 0.783 - .75�� 11.97(3.43) 11.42(3.8) [10.56;13.38] 62.25

Confidence 0.81 0.811 0.8 .76�� 10.91(3.22) 11.01(3.67) [9.63;12.19] -

Confidence-Q14 - 0.844 - .71�� 8.3(3.28) 8.12(3.02) [6.93;9.67] 71.88

Control 0.66 0.684 0.9 .77�� 12.88(3.82) 11.50(3.73) [11.52;14.24] 70.31

Conscience 0.79 0.732 0.83 .69�� 16.43(3.41) 14.81(3.61) [14.84;18.02] -

Conscience-Q12 - 0.754 - .63�� 13.69(2.93) 12.30(3.14) [12.05;15.33] 81.25

Resultsin Cartwright-Hatton andal.(C-H) andour samplesof N = 214andn = 64;MCpos= positivemetacognitivebeliefs;MCneg= negativemetacognitive beliefs.

T1 = time of test.T2 = time of re-test.CI = 90%ConfidenceInterval.%= percentagesof participants in the90%ConfidenceInterval.In grey:resultsof MCQ-Af27

without item 2,12and14(Q2,Q12andQ14).
�� p< .001

https://doi.org/10.1371/journal.pone.0230171.t003

Table 4. Simple and stepwise linear regressions of the 5 factors of the MCQ-Af27 on anxiety scores, N = 197.

Simple Regression Stepwise Regression

b �R2(%) t(195) p b �R2(%) t(191) p
MCneg-Q2 .56 30.84% 9.40 < .001 .49 31.19% 7.44 < .001

MCpos .35 11.65% 5.18 < .001 .13 2.56% 1.93 .007

Confidence-Q14 .16 1.91% 2.20 .029 .12 1.44% 2.06 .039

Control .31 8.97% 4.51 < .001 .11 1.06% 1.78 .076

Conscience-Q12 .22 4.47% 3.19 .002 -.01 - - .869

MCQ-Af27 .56 30.47% 9.32 < .001

MCpos= positivemetacognitive beliefs;MCneg= negativemetacognitivebeliefs.
�R2 = adjustedR2

https://doi.org/10.1371/journal.pone.0230171.t004
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attentionandanalyzedwith cautionif includedin theMCQ-Af questionnairewhensubmitted
to otherFrench-speakingsamples.

Confirmatoryanalysesusingstructuredequationmodelingwerethereforeachievedusing
thecorrectedquestionnaireof 27items,excludingtheproblematicitems2,12and14.Thesec-
ond ordermodel,asusedin theoriginalEnglishvalidation[6], wascomparedwith theunidi-
mensionalmodel,thebifactormodelandthecovariatefactormodel.Themodelswerethen
adjustedbyallowing4 crossloadingsconcerningitems9 and11,aswellas3and23.Of note,
item 11wasalsoallowedto cross-loadon thesametwo factors(MCposandMCneg)to obtain
betterfits in aMCQ-30validationstudyon anadultpopulation[9]. Asfor item 3,astudyon
anadultsampleshowedthat thisparticularitem loadedhigheron factorMCnegthanon its
predictedfactorConscience,thesametwo factorsconcernedhere[49]. Wethenexamined
theseadjustedmodelsandnoticedabetterfit for eachmodelparticularlyin thebifactormodel
andthecovariatefactormodel(seeFig1andFig2). In comparison,evenif thecovariatefactor
modelseemedto indicateoverallbetterfit indices,thedegreeof freedomandthePGFIpenal-
izingcomplexitywerehigherin thismodelthanin thebifactormodel.It seemsthereforemore
adequateto considerthebifactormodelasthebestfit to our sample.Indeed,thebifactor
modelhasdrawnmoreandmoreattentionamongstresearchersandrecentstudieshavedis-
cribedtheir advantages[50]. Thismodelisof particularinterestbecauseit indicatesthatmost
itemsshare their variancebetweenthebreadthfactorandtheir ownspecificfactor.Thismodel
thereforeallowsadirectreadingof thesharedvariances(all significanthere)betweenthedif-
ferentfactorsand thebreadthfactor.Furthermore,theitemsmeasuringthefactorrelatingto
thenegativemetacognitivebeliefs(MCneg)showedstrongloadingswith thebreadthfactor.

Table 5. Means of the 5 factors of the MCQ-Af27 between age 13 and 17, N = 214.

Means 13 to 17 Means at 13 Means at 16 Means at 17 t(61) t(64) p
MCpos 11.33 10.22 12.18 11.38 2.05 0.045

MCneg-Q2 10.11 8.67 11.09 9.94 2.42 0.019

Confidence-Q14 8.2 7.11 8.58 8.58 1.54 0.129

Control 11.68 11.5 12.04 11.69 0.60 0.55

Conscience-Q12 12.96 11.56 13.31 13.75 2.3 0.025

MCQ-Af27 54.28 49.06 57.2 55.33 2.72 0.008

MCpos= positivemetacognitive beliefs;MCneg= negativemetacognitivebeliefs.In grey:significantdifferences.

https://doi.org/10.1371/journal.pone.0230171.t005

Table 6. Stepwise linear regression of the 5 factors of the MCQ-Af27 plus age and gender on total anxiety scores,

N = 197.

Stepwise Regression

b �R2(%) t(190) p
MCneg-Q2 .55 31.19% 7.96 < .001

MCpos .11 2.55% 1.93 .007

Gender -.11 1.58% -1.77 .029

Age -.15 1.51% -2.56 .035

Confidence-Q14 .11 1.30% 2.00 .047

Control .10 0.8% 1.67 .096

Conscience-Q12 - - - -

MCpos= positivemetacognitive beliefs;MCneg= negativemetacognitivebeliefs.Gendercode0 = boys,gendercode

1 = girls.
�R2 = adjustedR2

https://doi.org/10.1371/journal.pone.0230171.t006
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Indeed,manystudiesstatethat thisspecificfactoris regularlythemostinfluentialandour
resultsillustratethat fact.In summary,theabovepointsmight reinforcetherelevanceof con-
sideringabreadthfactorratherthanahigherorderfactor.Moreover,it supportsthefactthat
eachfactorcanbeconsideredindependently,with its propercontribution andestimatedvari-
ance,allowingthereforeamoreexplicit illustrationof thedifferentpatternsof relations
betweeneachfactorin differentpathologies[4, 21±24].Indeed,studiesinvestigatinganxiety
anddepression,for example[23], revealedthatnegativebeliefsaboutworry wasthestrongest
predictorfor bothanxietyanddepressionandthatcognitiveconfidence,beliefsabouttheneed
to control thoughts,andcognitiveself-consciousness,predicteddepressionbut not anxiety.
OtherswhoinvestigatedPTSD[22] concludedon theeffectof negativeandpositivebeliefs,
andneedto control.Othersstill, examiningOCD,foundaninfluenceof negativebeliefs,con-
trol andself-consciousness[14].

Concerningtheinfluenceof gender,thenegativemetacognitivebeliefs(MCneg)andCon-
trol, reflectingbeliefsabouttheneedof thoughtcontrol andcontrol on worries,seemto be
greaterin girls thanboys.Thiscorroboratesstudiesthatshowedthatgirls [17,28]andwomen
aregenerallymoreproneto developworriesandruminations[51]. Asfor theinfluenceof age,
wefound thatmetacognitivescoresweregettinghigherasadolescentsgrowolder,particularly
in boysbetween13and16.Comparatively,thestudyof Cartwright-Hattonandal.[6] did not
accountfor anysignificanteffect,aswellasEsbjornandal.,in asampleof childrenandadoles-
centsbetween9 and17testedon themetacognitionquestionnairefor children(MCQ-C30)
[18]. Severalstudies,evenif showinganincreaseof factors'scoresup until theageof 13,noted
no significantresultsin increaseafterthatagein all metacognitivescoresof theMCQ-A [6, 25,
26,28].Someauthorshavesuggestedthatmetacognitivebeliefsat thatagecouldbecompared
to metacognitivebeliefsin adults[25,27,29].In comparison,themajority of studiesanalyzing
theMCQ in adultsaged18+,no changewith agewasnoticed,thevariationof scoresof all fac-
tors,exceptConfidence,wouldrathertendto adecrease with age,showingsimultaneouslythat
youngerparticipantstendto scoresignificantlyhigheron all factors[23]. Our resultsmaysug-
gestthatagehasasignificantinfluenceon factorsmeasuringpositiveandnegativemetacogni-
tivebeliefs,andthisparticularlybetweenage13and16.One'sability to monitor one's
thoughtsmeasuredby factorConscienceseemsto evencontinueto increaseuntil theageof
17.If longitudinalstudieswouldbeneededto confirm thesefindings,our resultsareneverthe-
lessin accordancewith studiesin neuroscienceandneuropsychologythathaverevealedthat
brain areasandconnectionsunderlyingmetacognitionandconsciencestill developuntil the
ageof 22.Indeed,cerebralwhitematterconnectingcorticalfrontal andtemporalregionsand
subcorticalstructures(NAcc,Insula,ACC) implicatedin emotionalevaluation,control and
monitoring [37], increasein volumeandfunctionalconnectivityuntil mid-to-lateadolescence
beforeshowingrelativestability[36]. In viewof theaboveobservationsandour results,it
seemsthatscoresof cognitivebeliefsandprocessescouldstill maturein childrenandadoles-
centstill at least17andthendecreaseduring adulthood.This trajectorycouldthereforebe
consideredastypicalin adolescents.Indeed,studiesthat investigatedthissamedevelopment
periodalsofoundanincreasein worriesandanxiety[52], manifestationsthatarestrongly
associatedwith negativemetacognitivebeliefs,aswewill discussbelow.

Metacognition and anxiety

Resultsof stepwiseregressionin our studyrevealthat factorMCnegcontributedto themajor-
ity of thevarianceof thelink with anxietyscores,alongwith factorMCpos,andfactorConfi-
dencein alesserdegree.Our findingsarecongruentwith numerousstudies[4, 21±24]that
reportpositivesignificantcorrelationsbetweenanxietyscoresandall 5 factorsandtotal scores

PLOS ONE Validation of the French Metacognition Questionnaire for adolescents: Influence of age and links with anxiety

PLOS ONE | https://doi.org/10.1371/journal.pone.0230171 March 11, 2020 13 / 18

https://doi.org/10.1371/journal.pone.0230171


of theMCQ but especiallywith factorMCneg.Furthermore,somestudieshavealsoshown
that this factor(MCneg)is thebestpredictorof anxietydisorders[23]. Thosenegativebeliefs
aboutworries,beingconsideredasdangerousanduncontrollable,areat thecenterof the
Wells'GAD metacognitivemodelandarethereforeanimportant measureof possiblevulnera-
bilitiesor risk factorsof anxietydisordersin adolescents.

Concerningageandgender,anxietyscoresdid not significantlyvaryin our non-clinical
sample.However,in thestepwiseregressionof metacognitionmeasureson anxietyscores
including thesetwo factors,ageandgenderhadamodestbut howeversignificantinfluenceon
thetotal variance.It isworth noting thatour resultsindicateanegativeinfluenceof age.This
wouldmeanthat theoldertheadolescent,theloweraretheir anxietyscores,but thehigherare
metacognitivenegativeandpositivebeliefsandnon-confidencein one'sownmemory.This
seemsto beaninterestingpoint leavingsomeopenquestionsaboutwhatparticularcompo-
nent(alsopossiblyageandgenderdependent)coulddecreasethestrengthof theassociation
betweenmetacognitivebeliefsandanxietymanifestations(i.e.cognitivecapacities,flexibility,
resilience).Indeed,increaseof cognitivecapabilitiesand/or flexibility occurringduring adoles-
cencecouldleadto abettercontrol of metacognitiveprocesseslike theneedto control
thoughts,confidencein one'smemoryandmonitoring of thoughts[28,53,54]andcould
moderateanxietymanifestationsactivatedin partbymetacognitivebeliefsandrelatedpro-
cesses.This iscorroboratedby researchin neurosciencesuggestingthathigheranxietyin chil-
drenischaracterizedbybothdelayedexpansionof regionsin theprefrontalcortexandan
alteredtrajectoryof globalcorticalthinning [55]. Furthermore,studiesshowingthatgreymat-
ter andwhitemattervolumeshavedifferenttrajectoriesin malesandfemalesandsuggestinga
morerapiddevelopmentof thefemalebrain [38], couldalsopartlyexplainour resultsindicat-
ing thatageisparticularlyrelevantin boysandthatgirlsshowloweranxietyscoresevenwith
relativelyhighernegativemetacognitivebeliefsandneedto control.

Limits and future perspectives

Themajor limitation of our studyexaminingthelinks betweenage,metacognitionandanxiety
is thecross-sectionaldesign.Longitudinaldatawouldpermit to measuretheintra-individual
developmentof thesedifferentfactorsin time.It is indeeddifficult to drawgeneralconclusions
on theincreaseof metacognitivebeliefswith thisdesign,particularlywhendealingwith young
adolescentsstill in theprocessof cognitiveandpsychologicaldevelopment.

ConcerningtheMCQ-A, theinfluenceof thefivespecificfactorson differentpsychopathol-
ogyseemto showdifferentpatterns,suggestingthatotherstudiesincludingclinicalsamples
wouldbenecessarynotablyamongadolescents.Indeed,themajority of studiesisaddressing
adultsandalreadyshowsheterogeneousresultsatagesover18,aswellasamongstthesame
syndromes.Convergentanddiscriminativevalidity processedby thesestudiesmight alsolead
to differentresultsdependingof samplenumberandcharacteristics,indicatingthat theMCQ
ispossiblyverysensitiveto thespecificitiesof theanalyzedpopulation.Furthermore,in most
studiesclinicalsamplesareusuallysmallandpresentquiteanextensiveheterogeneityand
comorbidity.In addition,longitudinalstudiesastill rarein all agegroupsbut particularlyin
adolescence.Thoughit wouldbeveryimportant to detectasearlyaspossiblerisk factorssuch
asdysfunctionalmetacognitivebeliefsandanxietysymptomsthatcouldleadto psychopathol-
ogies,andthisespeciallyin acritical developmentalperiod.

Conclusion

In summary,our resultconcerningtheFrenchversionof theMCQ-Af obtainedin asampleof
214adolescentsagedbetween13and17,showthebestfit for abifactormodel,allowingto
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considerthefivefactorsindependentlyaswellasageneralbreadthfactor.Qualityof psycho-
metricpropertiesissatisfactoryto good,thusconfirming thevalidationof thescores'interpre-
tation of theMCQ-Af in aFrench-speakingpopulationof adolescentsfrom Switzerland.
However,items2,12and14excludedfrom our analyses,shouldbeconsideredwith caution.
Wehavebeenableto showamodest,neverthelesssignificant,influencebyageandgender
insidethedimensionsof theMCQ-Af andalsoin their links with anxietyscores.Our general
analysesof theselinks arein adequacywith otherstudiesshowingthehighesteffectfrom the
negativemetacognitivebeliefson anxietyscores,alongwith positivemetacognitivebeliefs,
non-confidencein one'sownmemoryandin alesserextendwith needof thoughtcontrol.
Futurestudies,particularlyconcerningthisagegroup,shouldinvestigatelongitudinaldata
from non-clinicalaswellasclinicalsamples,to further illustratetherelationsbetweenmeta-
cognitions,anxiety,ageandgender,andpossiblyhelpto detectandunderstand,asearlyas
possibleandatayoungage,risk factorssuchasdysfunctionalmetacognitivebeliefsandanxi-
etysymptomsthatcouldleadto psychopathologies.
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neuropsychologique des apprentissages chez l’enfant. 2011(111):103–7.

44. Brown TA. Confirmatory factor analysis for applied research: Guilford Publications; 2014.

45. Byrne BM. Structural equation modeling with AMOS: Basic concepts, applications, and programming:

Routledge; 2013.

46. Hu LT, Bentler PM. Fit indices in covariance structure modeling: Sensitivity to underparameterized

model misspecification. Psychological methods. 1998; 3(4):424.

47. Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria

versus new alternatives. Structural equation modeling: a multidisciplinary journal. 1999; 6(1):1–55.

48. Schumacker RE, Lomax RG. A beginner’s guide to structural equation modeling: Psychology Press;

2004.

49. Cook SA, Salmon P, Dunn G, Fisher P. Measuring metacognition in cancer: validation of the Metacogni-

tions Questionnaire 30 (MCQ-30). PloS one. 2014; 9(9):e107302. https://doi.org/10.1371/journal.pone.

0107302 PMID: 25215527

50. Fergus TA, Bardeen JR. The Metacognitions Questionnaire–30: An Examination of a Bifactor Model

and Measurement Invariance Among Men and Women in a Community Sample. Assessment.

2017:1073191116685807.

51. Topper M, Emmelkamp PM, Watkins E, Ehring T. Development and assessment of brief versions of the

Penn State Worry Questionnaire and the Ruminative Response Scale. Br J Clin Psychol. 2014; 53

(4):402–21. https://doi.org/10.1111/bjc.12052 PMID: 24799256

PLOS ONE Validation of the French Metacognition Questionnaire for adolescents: Influence of age and links with anxiety

PLOS ONE | https://doi.org/10.1371/journal.pone.0230171 March 11, 2020 17 / 18

https://doi.org/10.1016/j.neuroimage.2015.10.010
http://www.ncbi.nlm.nih.gov/pubmed/26463175
https://doi.org/10.1523/JNEUROSCI.5302-10.2011
https://doi.org/10.1523/JNEUROSCI.5302-10.2011
http://www.ncbi.nlm.nih.gov/pubmed/21795544
https://doi.org/10.1016/j.neuroimage.2016.07.044
http://www.ncbi.nlm.nih.gov/pubmed/27453157
https://doi.org/10.1016/j.neuroimage.2015.04.069
http://www.ncbi.nlm.nih.gov/pubmed/25969399
https://doi.org/10.1016/j.bandc.2009.10.008
http://www.ncbi.nlm.nih.gov/pubmed/19913969
https://doi.org/10.1371/journal.pone.0175381
http://www.ncbi.nlm.nih.gov/pubmed/28403164
https://doi.org/10.1177/1073191116685807
http://www.ncbi.nlm.nih.gov/pubmed/28043161
https://doi.org/10.1037/1040-3590.15.3.378
https://doi.org/10.1037/1040-3590.15.3.378
http://www.ncbi.nlm.nih.gov/pubmed/14593838
https://doi.org/10.1371/journal.pone.0107302
https://doi.org/10.1371/journal.pone.0107302
http://www.ncbi.nlm.nih.gov/pubmed/25215527
https://doi.org/10.1111/bjc.12052
http://www.ncbi.nlm.nih.gov/pubmed/24799256
https://doi.org/10.1371/journal.pone.0230171


52. Young CC, Dietrich MS. Stressful life events, worry, and rumination predict depressive and anxiety

symptoms in young adolescents. Journal of Child and Adolescent Psychiatric Nursing. 2015; 28(1):35–

42. https://doi.org/10.1111/jcap.12102 PMID: 25808272

53. Fleming SM, Dolan RJ, Frith CD. Metacognition: computation, biology and function. Philos Trans R Soc

Lond B Biol Sci. 2012; 367(1594):1280–6. https://doi.org/10.1098/rstb.2012.0021 PMID: 22492746

54. Wilson C, Hughes C. Worry, beliefs about worry and problem solving in young children. Behav Cogn

Psychother. 2011; 39(5):507–21. https://doi.org/10.1017/S1352465811000269 PMID: 21878136

55. Newman E, Thompson WK, Bartsch H, Hagler DJ, Chen C-H, Brown TT, et al. Anxiety is related to indi-

ces of cortical maturation in typically developing children and adolescents. Brain Structure and Func-

tion. 2016; 221(6):3013–25. https://doi.org/10.1007/s00429-015-1085-9 PMID: 26183468

PLOS ONE Validation of the French Metacognition Questionnaire for adolescents: Influence of age and links with anxiety

PLOS ONE | https://doi.org/10.1371/journal.pone.0230171 March 11, 2020 18 / 18

https://doi.org/10.1111/jcap.12102
http://www.ncbi.nlm.nih.gov/pubmed/25808272
https://doi.org/10.1098/rstb.2012.0021
http://www.ncbi.nlm.nih.gov/pubmed/22492746
https://doi.org/10.1017/S1352465811000269
http://www.ncbi.nlm.nih.gov/pubmed/21878136
https://doi.org/10.1007/s00429-015-1085-9
http://www.ncbi.nlm.nih.gov/pubmed/26183468
https://doi.org/10.1371/journal.pone.0230171

