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Long Covid und Chronic Fatigue: Validierung der deut-
schen Ubersetzung des DePaul Symptom — Question-

naires-2

Laura Klein, Maryse Koedinger, Julie Krier, Sarah Niesmann, Tobias Magnus Prinz,
Nena Rama und Isabell Zuli¢

Betreuung: Nina Bunti¢, M. Sc.

Etwa 250.000 Deutsche leiden an Myalgischer Enzephalomyelitis und chronischem Fati- gue Syndrom
(Deutsche Gesellschaft fir ME/CFS, 2022) und bis zu 59,5 % (Fischer et al., 2022) der von Covid-19
Genesenen sind von Langzeitfolgen mit &hnlichen Sympto- men betroffen. Dieses Syndrom wird in der
Literatur als Post Covid beziehungsweise Long Covid bezeichnet. Um Betroffene besser behandeln zu
kdnnen, wird ein schnelles und kostengulnstiges Diagnoseinstrument benétigt. Der DePaul Symptom
Question- naire-2 wurde entwickelt, um das Vorhandensein und den Schweregrad der Myalgischer En-
zephalomyelitis und chronischem Fatigue Syndrom festzustellen. Erstes Ziel der vor- liegenden Studie
war es, die deutsche Ubersetzung des DePaul Symptom Question- naire-2 zu validieren, um ein zu-
verlassiges Bewertungsinstrument fir die Behandlung und Erforschung von Myalgischer Enzephalo-
myelitis/chronischem Fatigue Syndrom und Long Covid bereitzustellen. Zweitens wurde die
Wirksamkeit von Covid-19-Impfstoffen hinsichtlich des Schutzes vor Long Covid erforscht. Dartber
hinaus untersuchten wir die Unterschiede in depressiven Symptomen und krankheitsbezogenen
Symptomprofilen der verschiedenen Gruppen. Eine Stichprobe von 502 Erwachsenen mit Myalgischer
Enzephalomyelitis/chronischem Fatigue Syndrom, Long Covid oder ohne Erkrankungen wurde
gebeten, unsere deutsche Online-Umfrage zu beantworten, die aus einem Frage- bogen zu personli-
chen Informationen, Gesundheits- und Covid-19-bezogenen Fragen sowie dem DePaul Symptom
Questionnaire-2, Short Form 36 und dem Patient Health Questionnaire-9 bestand. Die statistische An-
alyse zeigt, dass die konvergente und dis- kriminante Validitat sowie die Reliabilitat tatsdchlich geg-
eben sind. Dariiber hinaus wurde beim Vergleich der Gruppen nicht geimpfter mit einmal geimpften
Personen und der Gruppen nicht geimpfter mit vollstandig geimpften Personen (dreimal) keine signifi-
kante Verringerung der Entwicklung von Long Covid festgestellt. Darliber hinaus schei- nen Personen,
die an Long Covid erkrankt sind, Uber mehr depressive Symptome zu berichten als die gesunde
Bevolkerung, aber weniger depressiv zu sein als die Bevdlke- rung, die an Myalgischer Enzephalomye-
litis/chronischem Fatigue Syndrom leidet. SchlieRlich kann davon ausgegangen werden, dass Perso-
nen, die an Long Covid leiden, im Vergleich zu Personen, die an Myalgischer Enzephalomyeli-
tis/chronischem Fatigue Syndrom erkrankt sind, keine Unterschiede in den Symptomen, sondern eher
in der Symptomschwere aufweisen.

Einleitung

Im Dezember 2019 wurde der erste offi- zielle
Fall des neuartigen Coronavirus 2019-nCoV
(spater SARS-CoV-2 ge- nannt) in China nach-
gewiesen. Eine In- fektion mit dem Virus kann
die Atem- wegserkrankung Covid-19 (Coronavi-
rus-Krankheit 2019) verursachen. Durch Tropf-
chen- und Aerosolibertragung hat sich die
Krankheit innerhalb weniger Monate weltweit
verbreitet. Am 27. Ja- nuar 2020 wurde der ers-
te Coronafall in Deutschland (Hillebrandt, 2022)

und etwa einen Monat spater am 29. Februar
2020 in Luxemburg nachgewiesen (Ta- ge-
blatt.lu, 2020). Am 11. Marz 2020 wurde die Si-
tuation der Weltgesund- heitsorganisation
(WHO) als Pandemie eingeordnet (WHO.int,
2023). Zum Schutz der Volksgesundheit
wurden kurz darauf in vielen Landern Lock-
downs verhangt. Bei der Covid-19-Pan- demie
handelte es sich um eine schwer- wiegende Ge-
sundheitskrise, auch wenn diese von verschie-
denen Experten und Institutionen bereits flr
beendet erklart wurde, ist das Coronavirus noch
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immer Bestandteil unseres alltaglichen Lebens.
Diese Situation zu bewaltigen, umfasst nicht nur
die Infektions-Pravention und die Behandlung
der aktuell Erkrankten, sondern auch die Be-
handlung und Erfor- schung derer, die nach Ge-
nesung wei- terhin unter Beeintrachtigungen
leiden. Nach einer akuten Covid-19-Infektion
leiden bis zu 60 % der Betroffenen in den
folgenden sechs Monaten an min- destens ei-
nem anhaltenden Symptom (Fernandez-de-las-
Pefas, 2021). Der Schweregrad der Erkran-

kiina variiert von leichter his hin 711 extremer
Ei coiiciiaiy i agrorion momor oo
Symptome von Long COVId ahneln de- nen von
Myalgischer Enzephalomyeli- tis/chronischem
Fatigue Syndrom einer schweren chronischen
Erkrankung.

Theoretischer Hintergrund

Laut der Arbeitsdefinition der US-ameri- kani-
schen Seuchenschutzbehérde CDC handelt es
sich bei Long Covid um Symptome, die nach
der Anfangsphase der Infektion, spatestens
aber vier Wo- chen nach der Covid-19 Erkran-
kung auf- treten. Die Symptome kdnnen multi-
sys- temisch sein, in einem remittierenden
Muster auftreten, sich weiter verschlim- mern
und auch Jahre spater todliche Komplikationen
verursachen. Es han- dele sich um verschie-
dene Entitaten mit unterschiedlichen biologi-
schen Ursa- chen und Risikofaktoren
(CDC.gov, 2022). Die Weltgesundheitsorgani-
sation (WHOQO) versteht unter Post Covid ge-
sundheitliche Einschrankungen, die drei Mona-
te nach der Infektion auftreten und mindestens
zwei Monate andauern. Diese konnen auch
wiederkehren oder in der Starke variieren. Die
Symptome von Long Covid sind sehr divers und
um- fassen Kurzatmigkeit, Autoimmunreakti-
onen, neurologische Stérungen bis hin zu
kognitiven Aussetzern (WHO.int, 022). Eine
komorbide Erkrankung so- wie die Auspragung
von mehr als finf Symptomen wahrend der
Covid-19-In- fektion scheinen Risikofaktoren flr
Long Covid zu sein. DarlUber hinaus ist die
Pravalenz bei Frauen doppelt so hoch wie bei
Mannern. Die genaue medizini- sche Ursache
von Long Covid wurde bisher nicht identifiziert,
daher sind die Behandlungsmdglichkeiten be-
grenzt. Allerdings kann ein Teil der Symptome
auf die Beschadigung von Organsyste- men,
einer chronischen Entziindung oder Autoim-

munreaktionen zurlickge- fiihrt werden (Rave-
endran et al, 2021). Neben einer symptomati-
schen Behand- lung einzelner Beschwerden
kommen psychotherapeutische und psychoso-
matische Rehabilitation sowie zahlrei- che ex-
perimentelle Therapien, wie die Hyperbare
Sauerstofftherapie (HBO) in Frage.

Zur Pravention einer Infektion mit dem Corona-
virus SARS-COV-2 wur- den zahlreiche nicht-
pharmakologische SchutzmaRnahmen ergrif-

fen. Zu diesen  gesundheitspolitischen
Interventionen aehorten | ockdowns 1ind_teil-

R TR T nE—m—
gens zur Pandemiebekampfung Impfstoffe ge-
gen Covid-19 entwickelt. Bei diesen handelte
es sich meist um mRNA- (messenger ribonu-
cleic acid) oder vek- torbasierte Vakzine, die
von verschiede- nen Herstellern kreiert wur-
den. Seit Ende Dezember 2020 werden diese
in Luxemburg (gouvernement.lu, 2020) und
Deutschland (Teska, 2022) verab- reicht. Ak-
tuell sind 62,6 % der Deut- schen dreifach ge-
impft (Meyer, 2023).

Bei Myalgischer Enzephalomy- eli-
tis/chronischem Fatigue Syndrom handelt es
sich um eine chronische Er- krankung, die
meist verwendeten Diag- nosekriterien sind die
kanadischen Kon- sens-Kriterien (Canadian
Consensus Criteria). Diese mussen flr mindes-
tens sechs Monate auftreten, umfassen phy-
sische und mentale Fatigue, anstren- gungsbe-
dingtes Unwohlsein sowie Schlafprobleme.
Daridber hinaus leiden Betroffene unter weite-
ren neurologi- schen oder kognitiven Beein-
trachtigun- gen. Um die Diagnose Myalgischer
En- zephalomyelitis/chronischem Fatigue Syn-
drom vergeben zu koénnen, missen zudem
entweder Teile des autonomen Nervensystems,
des neuroendokrinen oder Immunsystems be-
troffen sein (cfids-me.org). Bisher gibt es keine
In- formationen Uber die genaue Genese von
Myalgischer Enzephalomyeli- tis/chronischem
Fatigue Syndrom, aller- dings wird vermutet,
dass es mit Virusin- fektionen und post-viralen
Herzerkran- kungen zusammenhangen konnte
(Renz-Polster et al., 2022). Auch hier werden
vornehmlich die behandelbaren Symptome the-
rapiert.

Aufgrund der Aktualitdt der Long Covid-
Problematik und der unzureichen- den Daten in
Bezug auf Long Covid und Myalgischer Enze-
phalomyelitis/chroni- schem Fatigue Syndrom
ist eine weitere Erforschung beider Erkrankun-
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gen drin- gend notwendig. Um eine ideale The-
ra- pie zu entwickeln, sollte zunachst die Ent-
stehung der Erkrankungen unter- sucht wer-
den. Um passende Subjekte zu identifizieren,
kann man im Engli- schen den DePaul Symp-
tom Questio- naire-2 verwenden. Dieser ba-
siert auf den kanadischen Konsens-Kriterien -
ein solches Instrument liegt in deutscher Spra-
che nicht vor. In frGheren Studien wurde be-
reits eine englische Version des DePaul Symp-
tom Questionnaire-2 validiert (Bedree et al.,
2019). Ziel dieser Studie ist es, die deutsche
Ubersetzung des DePaul Symptom Question-
naire-2 zu validieren - mit einem Teilnehmer-
pool von Menschen, die von Myalgischer En-
zephalomyelitis/chronischem Fatigue Syndrom
oder Long Covid betroffen sind, sowie gesun-
den Personen - um ein kos- teneffektives Di-
agnoseinstrument fiir Arzte zu finden, mit dem
sie den Schwe- regrad der individuellen Beein-
trachti- gung durch die zuvor genannten Er-
kran- kungen nach den kanadischen Konsen-
sus-Kriterien beurteilen kénnen. Dar- tber hin-
aus wollen wir untersuchen, ob Covid-19-
Impfstoffe vor der Entstehung von Long Covid
schitzen und ob die An- zahl der erhaltenen
Impfungen einen Unterschied macht. Zusatz-
lich wollten wir herausfinden, ob diese Krank-
heiten von psychischen Erkrankungen beglei-
tet werden und ob sich unterschiedliche Symp-
tomprofile fur Myalgischer Enze phalomyeli-
tis/chronischem Fatigue Syn- drom und Long
Covid identifizieren las- sen.

Hypothesen

Um die Beziehungen zwischen un-

terschiedlichen Faktoren  zu untersuchen,
setzen sich unsere Hypothe-

sen wie folgt zusammen: Hypothese 1: Die
Impfung verringert das Risiko einer Entwick-
lung von Long Covid.

Hypothese 2: Ein vollstandiger Impfschutz
schitzt besser vor Long Covid als keine Imp-
fung.

Hypothese 3: Personen, die an Long Covid
leiden, haben eher depressive Symptome als
gesunde Menschen.

Hypothese 4: Personen mit Myalgischer Enze-
phalomyelitis/chronischem Fatigue Syndrom
zeigen eine andere Symptomatik als Personen
mit Long Covid.

Methoden

Im Folgenden werden die Stichproben-
konstellation sowie das Material und die
Vorgehensweise erlautert.

Stichprobe

Mit Hilfe der Faustregel von fiunf Ver- such-
spersonen pro ltem haben wir die angestrebte
Stichprobengrofte auf N = 500 festlegen kon-
nen (Tsang, S., Royse,

C.F., & Terkawi, A. S. (2017)). Tatsach- lich ha-
ben 502 Personen an unserer On- line-Studie
teilgenommen. Davon waren 191 an Long
Covid Erkrankte, 227 an chronischem Erschép-
fungssyn- drom/Myalgischer Enzephalomyelitis
Erkrankte und 84 gesunde Teilneh- mende. Vor
Beginn der Durchfiihrung haben wir das
Mindestalter fiir eine Teil- nahme auf 18 Jahre
begrenzt. Das Durchschnittsalter unserer Ver-
suchs- personen entspricht ungefahr 37 Jahren
(M =36.87, SD = 13.27). Davon identifi- zierten
sich 79 % mit dem weiblichen und 20.8 % mit
dem mannlichen Ge- schlecht. 0.2 % fihlen
sich keinem die- ser beiden Geschlechter
zugehdrig.

Der Grofteil unserer Testperso- nen lebt in Lux-
emburg oder Deutschland. Wichtig zu erwahnen
ist vor allem, dass Deutschkenntnisse eine
Voraussetzung fur die Teilnahme an der Studie
waren. Dies haben wir sichergestellt durch de-
ren Erfragung mit folgendem Item: Wie gut be-
herrschen Sie die deutsche Spra- che? (ltem
acht). Nach Ausflllen des Fragebogens hatten
die Versuchsperso- nen die Moglichkeit an einer
Verlosung von zehn 20€ Amazon-Gutscheinen
teil- zunehmen.

Material

SoSci Survey wurde verwendet, um den Frage-
bogen zu erstellen. Dort wurden auferdem die
Antworten der Versuchs- personen anonym er-
hoben und im Nachhinein sicher gespeichert.
Dabei wurden die erhobenen Daten separat
von den E-Mail-Adressen der Versuchs- perso-
nen aufbewahrt.
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DEPAUL SYMPTOM QUESTIONNAIRE. Da

der Schwerpunkt unserer Studie auf der Vali-
dierung der deutschen Ubersetzung des
DePaul Symptom Questionnaire-2 (DSQ-2)
liegt, haben wir ein Expertenko- mitee ge-
grundet. Dort wurde in wo- chentlichen Tref-
fen der englischspra- chige DePaul Symptom
Questionnaires-

2 (DSQ-2) zunachst von einigen auf Deutsch
Ubersetzt und im Nachhinein von anderen er-
neut in die englische Sprache rickibersetzt.
Die englische Originalversion wurde daraufhin
mit der rickibersetzten Version verglichen, um
mogliche Diskrepanzen festzustellen.

Beim DePaul Symptom Questi- onnaire handelt
es sich um eine Selbst- einschatzung, der von
Leonard Jason und dem chronischem Fatigue
Syn- drome Projekt an der DePaul University in
Chicago, lllinois, USA im Jahr 2010 entwickelt
wurde. Der DePaul Symptom Questionnaire
operationalisiert die Ca- nadian Consensus Kri-
terien und liefert somit konkrete Richtlinien um
Myalgi- sche Enzephalomyelitis/chronisches
Fatigue Syndrom zu erfassen. Er be- steht ins-
gesamt aus 54 Fragen und er- fasst die Haupt-
symptome wie Fatigue, Post-exertional Malai-
se, Schlaf, Schmerzen, neurologische/kognitive
Stérungen, sowie autonome, neuroen- dokrine
und auf Immunitdt bezogene Symptome. Die
Versuchspersonen mussten hier den
Schweregrad und die Haufigkeit ihrer Symp-
tome angeben, die mit Hilfe einer flnfstufigen
Likert-Skalie- rung erhoben wurden. In einem
norwe- gischen Vergleich mit arztlichen Beurtei-
lungen erzielte der DePaul Symptom Question-
naire eine Sensitivitdt von 92 % und eine
Spezifitdt von 75 %. Dies deu- tet darauf hin,
dass der DePaul Symp- tom Questionnaire ein
natzliches Instru- ment zur Feststellung und
zum Scree- ning von Symptomen ist, jedoch ist
eine arztliche Nachuntersuchung erforderlich,
um die Diagnose zu bestatigen und mogliche
abgrenzbare medizinische und psychiatrische
Stérungen zu identi- fizieren.

Im Jahr 2019 wurde der Frage- bogen getestet
und Uberarbeitet mit dem Ziel, seine psy-
chometrischen Eigen- schaften zu verbessern,
sowie seine di- agnostische Zuverlassigkeit zu
erhéhen und die fir die Falldefinitionen er-
forder- lichen Symptome zu erfassen. Das dar-
aus resultierende Instrument wurde DePaul
Symptom Questionnaire-2 (DSQ-2) genannt,

welchen wir flir un- sere Studie verwendet ha-
ben. Dabei be- schréankten wir uns, in der fir
uns natzli- chen Auswahl hinsichtlich der
Symp- tomerfassung auf die Items 1 bis 91. Um
zusatzlich die Falldefinition-Kriterien er- fillen
zu koénnen, haben wir weitere Iltems aus-
gewahlt. Insgesamt haben wir somit Item 1
bis 91, Item 92, 94, 106,

119, 127 und 128 fir unsere Studie ver-
wendet. Wir haben uns auf diese ltems
beschrankt, um Teilnehmende nicht zu Uber-
fordern und zu viel ihrer Zeit in An- spruch zu
nehmen. Fir unsere Studie wurden ltems der
Long Covid Sympto- matik erganzt.

Daruber hinaus wurden einige ltems von uns
erstellt, um weitere sozio- demographische
Daten, die nicht im DePaul Symptom Ques-
tionnaire-2 ent- halten sind, abzufragen. Dazu
gehdren

z.B. Fragen zur Immunisierung, Covid- 19,
Long Covid, sowie psychische Er- krankungen.

GESUNDHEITSFRAGEBOGEN SHORT

FORM-36. In unserer Studie wurde au- Rerdem
die Short Form-36 des Gesund- heitsfragebogen
abgefragt. Dieser be- steht aus einer 36-teiligen
Skala zur Er- fassung des Gesundheitszustands
und der Lebensqualitdt (Ware & Sherbourne,
1992), die in acht Gesundheitskonzepte unter-
teilt werden. In der Standardform werden
Teilnehmende gebeten, auf Fra- gen zu ant-
worten, wie sie sich in der ver- gangenen Woche
gefuhlt haben.

PATIENT HEALTH QUESTIONNAIRE-9.

Zusatzlich wurden Items aus der deut- schen
Version des Patient Health Ques- tionnaire-9
(PHQ-9) verwendet, um (ber das Likert-
Skalenniveau eine Neigung zur Depression
festzustellen.

Bei dem Patient Health Questi- onnaire-9 han-
delt es sich um einen Selbstauskunft-
Fragebogen zur Diag- nostik des Schweregrads
einer Depres- sion. In den neun ltems werden
die de- pressiven Symptome und deren Haufig-
keit wahrend der vergangenen zwei Wo- chen
erfragt. Die Antwortmoéglichkeiten umfassen
eine vierstufige Likert Skala (von 0 = gar nicht, 1
= einige Tage, 2 = mehr als die Halfte der Tage
und 3 = fast jeden Tag). Die ltem-Werte werden
ad- diert - hdhere Gesamtwerte aller Items sind
Indikator flr eine relevante depres- sive Symp-
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tomatik.
Datenanalyse

Zusatzlich haben wir den Fragebogen auf Relia-
bilitat und Konstruktvaliditat ge- priift sowie die
interne Konsistenz be- rechnet, um diesen zu
validieren. Die Berechnung der internen Kon-
sistenz er- folgte mithilfe von Chronbachs Alpha.
Die konvergente und diskriminante Vali- ditat
wurde anhand der Korrelation mit den
Subskalen des Short Form-36 Uber- prift. Die
Datenverarbeitung und die Hy- potheseniber-
prifung erfolgten Gber IBM SPSS Statistics 27.

Durchfiihrung

Prlottestung

Es wurde eine Pilottestung durchgefiihrt, bei der
das Expertenkomitee sieben Versuchsperso-
nen getestet hat. Dies diente dem Zweck zu
kontrollieren, ob der Fragebogen alle Symp-
tome abdeckt und die Dauer einzuschatzen, die
beno- tigt wird, um den Fragebogen vollstandig
zu beantworten. Dabei wurde aullerdem die
Verstandlichkeit der Fragen und de- ren Inhalte
gepruft. Um bei der Bearbei- tung des
Fragebogens technische Feh- ler
auszuschlielen und um sicher zu stellen, dass
der Fragebogen auf allen Geraten funktioniert,
hat das Experten- komitee ihn auf
verschiedenen  Geraten und  Browsern
ausgefullt.

Rekrutierung

Fir die Rekrutierung wurden Flyer am Campus
Belval, Limpertsberg und Kirch- berg der Uni-
versitat Luxemburg aufge- hangen und Uber
Social Media geteilt. Des Weiteren wurden
spezifisch auf Fa- cebook Selbsthilfegruppen
fur an Long Covid Erkrankte, sowie fur an My-
algi- scher Enzephalomyelitis/chronischem Fa-
tigue Syndrom Erkrankte, ange- schrieben und
Uber die Studie informiert.

Datenerhebung

Der Online-Fragebogen wurde von den Ver-
suchspersonen von ihren eigenen Geraten

aus, uber die Online-Plattform SoSci Survey
ausgeflllt. Die Dauer der Bearbeitung des
Fragebogens variiert zwischen 30 und 60 Mi-
nuten und ist ab- hangig vom Gesund-
heitszustand sowie der  Bearbeitung-
sgeschwindigkeit der je- weiligen Person.
Indem es nicht moéglich war, auf die nachste
Seite zu gelangen, wenn nicht alle Fragen der
vorherigen Seite beantwortet wurden, waren
Teil- nehmende dazu gezwungen, alle Fra-
gen zu beantworten. Jeder Versuchs- person
stand offen, die Befragung jeder- zeit ab-
zubrechen sowie die Befragung zu unter-
brechen und zu einem spateren Zeitpunkt
fortzufiihren. Die Erhebung

der Daten erfolgte vom 31. Oktober 2022 bis
einschlief3lich dem 20. Novem-
ber 2022.

Ergebnisse

Im Folgenden werden einerseits die Re- sultate
der Validierung des Fragebo- gens und ande-
rerseits die Validierung der vier Hypothesen er-
lautert. Bei der Validierung des Tests wurde
Chron- bachs Alpha zur Berechnung der Relia-
bilitdt sowie eine Analyse der Konstrukt- validitat
verwendet. Bei der Untersu- chung der ersten
beiden Hypothesen wurde eine Odds Ratio
durchgefihrt, um das Quotenverhaltnis zu er-
rechnen. Auf Grund einer nicht normalverteilten
Stich- probe wurden fir die anderen beiden Hy-
pothesen einen Mann-Whitney-U Test und
einen Kruskal-Wallis-H Test verwendet, um Un-
terschiede zwischen den Gruppen nachzuwei-
sen.

Validierung der deutschen Uberset- Jung des
DePaul Symptom Questi- onnaire-2

Bedingt dadurch, dass der DePaul Symptom
Questionnaire-2 ein neuer Fragebogen in deut-
scher Sprache ist, wurde die faktorielle Validitat
mit Hilfe einer explorativen Faktorenanalyse un-
tersucht. Diese Art der Faktorenanalyse wurde
auch deshalb gewahlt, weil sie das Standardver-
fahren fur den DePaul Symptom Questionnaire
darstellt. Die explorative Fak-
torenanalyse wurde mit der Hauptachsenmetho-
de der  Faktorex-
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traktion unter Verwendung einer Promax-
Rotation (Kappa = 4) durchgefiihrt. Faktoren mit
Ladungen unter .40 wurden aus Grinden der
besseren  Lesbarkeit weggelassen. Alle
Faktoren mit Eigenwerten {ber 1 wurden
hingegen beibehalten. Es wurde eine Zwolf-
Faktoren-Struktur gefunden mit folgenden
Werten: 1.000, .724, .710, .644,
.557, .637, .452
, .537, .5635, .547, .468 und .370. Dies
kann die Gesamtvarianz des DePaul Symp-
tom Questionnaire-2 erklaren.

Zum Nachweis der Reliabilitdt wurde
eine Analyse mit Cronbachs Alpha durch-
gefuhrt, welche auf eine hohe interne Kon-
sistenz der Testitems hinweist mit Werten
zwischen .63 und .97. Folgende Werte
wurden errechnet: .974, .956, .852, .836, .835,

887, .830, .834, .849, .826, .804
und .632.

Zur Ermittlung der
Konstruktvaliditdt werden mehrere bivariate
Korrelationen in SPSS IBM Statistics 27
zwischen den Faktorwerten und den unter-
schiedlichen Subskalen des Fragebogens
Short Form-36 berechnet. Es ergeben sich
signifikante Ergebnisse (p < .001), welche ein
Beleg fir die Konstruktvaliditat sind.

Die konvergente Validitat untersucht
die Ubereinstimmung der Faktorwerte mit
Faktoren, die dasselbe Konstrukt messen. Hi-
erzu werden die Korrelationen mit den
Faktoren eins bis vier des Fragebogens Short
Form-36 zur korperlichen Gesundheit (korper-
liche Funktionsfahigkeit,
kérperliche Rolle, kdrperliche Schmerzen und
allgemeine Gesundheit) berechnet. Es re-
sultieren starke negative Korrelationen mit
einem Bereich der Korrelationskoeffizienten
zwischen r = -753 und r = -854. De-
mentsprechend wird eine hohe Ubereinstim-
mung festgestellt.

Diskriminante Validitat zeigt sich Uber
die Ubereinstimmung der Faktorwerte mit
Faktoren, die ein unterschiedliches Konstrukt
messen. Die Korrelationen mit den Faktoren
neun und zehn des Fragebogens Short Form-
36 zur mentalen Gesundheit (emotionales
Wohlbefinden und emotionale Rolle) zeigen
schwache negative Korrelationen. Der Bereich
der Korrelationskoeffizienten befinden sich

zwischen r = -.__055 und r = -.258. Man erkennt
eine geringe Ubereinstimmung mit Faktoren,
die ein anderes Konstrukt messen.

Hypothesen

Das zweite Ziel der Studie beinhaltet die Uber-
prifung der Hypothesen in einer deutschspra-
chigen Stichprobe. Die

auf vorherigen Studien, sondern sie wurden un-
abhangig davon und im Interesse des Experten-
komitees formuliert.

Hypothese 1

Die Hypothese kann nicht bestatigt wer- den. Es
existiert kein signifikanter Unter- schied in der
Wahrscheinlichkeit, an Long Covid zu erkranken,
wenn man vor einer Infektion einmal geimpft ist
oder nicht, OR = .657, (95% ClI: .287, 1.589).
Durch eine nicht-gegebene Signifikanz ist der
Interpretationsspielraum deutlich eingeschrankt,
wodurch diese Hypo- these verworfen werden
muss. Siehe Tabelle 1.

Wenn die Resultate signifikant waren,
wirde dies bedeuten, dass eine Impfung vor
Long Covid schitzen wiirde und man seltener
daran erkranken wirde. Das Risiko an Long
Covid zu er- kranken - mit einer Impfung - ware
0.657-mal kleiner als mit keiner.

Hypothese 2

Die Hypothese kann nicht bestatigt wer- den.
Die Resultate zeigen, dass es kei- nen signifi-
kanten Unterschied zwischen keiner oder drei
Impfungen vor Infektion gibt, Long Covid zu
bekommen, OR = 1.419, (95% CI: .769, 2.620).
Siehe Ta-

belle 1.

Wenn die Ergebnisse signifikant waren,
wirde dies bedeuten, dass die Wahrscheinlich-
keit, Long Covid zu be- kommen, nach drei Imp-
fungen vor der Infektion 1.4-mal héher ware, als
wenn man keine Impfung zuvor erhielt.
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Tabelle 1: Impfungen vor Covid-19 Infektion

Hypothese 3

Die Hypothese kann bestatigt werden. Bei der
Analyse ergibt sich ein Mittelwert von M = 9.43
bei einer Gesamtpopula- tion von N = 502.
Laut des Patient Health Questionnaire-2 gilt
eine Person als moderat depressiv, wenn
diese ei- nen Wert zwischen 10 bis 14 erreicht.

Im nachsten Schritt wird der Kruskal-
Wallis-H Test eingesetzt zum Vergleich der
Gruppen hinsichtlich de- pressiver Symptome.
Der Test zeigt ei- nen signifikanten Unter-
schied zwischen den drei Gruppen, H(4) =
115.83, p
< .001. Individuen mit Long Covid (Mitt- ler
Rang = 271.9) erzielen einen héhe- ren Rang
als Gesunde (Mittler Rang = 169.76), aber
niedriger als Individuen mit Myalgischer En-
zephalomyeli- tis/chronischem Fatigue Syn-
drom (Mitt- ler Rang = 315.38).

Im Folgenden wird der Mann- Whitney-
U Test angewendet zur Ana- lyse, welche
Gruppen sich unterschei- den. Siehe Abbildung
1. Der Mann-Whit- ney-U Test zeigt, dass Indi-
viduen mit chronischem Erschépfungssyn-
drom/Myalgischer Encephalitis (Mittler Rang =
252.36, Rangsumme = 46938.5) signifikant
héher depressiv sind als Ge- sunde (Mittler
Rang = 140, Rangsumme
= 28139.5), U (ns = 186, n2 = 201) =
7838.5, p < .001. Ebenfalls wird eine starke
Effektstarke von r = .502 erzielt.

Es existiert ein signifikanter Un- ter-
schied zwischen Gesunden (Mittler Rang =
116.27, Rangsumme = 23370.5) und Individu-
en mit Long Covid (Mittler Rang = 171.66,
Rangsumme = 9269.5),

U (n1=201, n, =54) = 3069.5, p < .001.
Individuen mit Long Covid sind signifi- kant
starker depressiv als Gesunde. Es liegt eine

mittlere Effektstarke von r

=.308 vor.

Es existiert ein signifikanter Un- terschied
zwischen Individuen mit Myalgischer Enzepha-
lomyelitis/chronischem Fatigue Syndrom (Mit-
tler Rang = 125.85, Rangsumme = 23408) und
Individuen mit Long Covid (Mittler Rang =
102.07, Rangsumme = 5512), U (ns = 186, n2
=54)=4027, p < .05. Individuen mit Myal-
gischer Enzephalomyelitis/chronischem Fa-
tigue Syndrom sind leicht depressiver als Indi-
viduen mit Long Covid. Eine schwache
Effektstarke von r =.143 wird erreicht.

Abbildung 1: Unterschiede der 3 Gruppen im Hin-
blick auf depressive Symptome an- hand des Pa-
tient Health Questionnaires-9

Hypothese 4

Die Hypothese kann nicht bestatigt wer- den.
Der Mann-Whitney-U Test zeigte, dass an
Chronischem Fatigue Syndrom Erkrankte (Med
= 50.0 bis 75.0, N = 186) signifikant hdhere
Werte bei Sympto- men erzielten als Long
Covid Erkrankte (M = 12.5 bis 50.0, N = 54) (U
=2496.0

bis 4174.5, z = -5.804 bis -1.305, p <

.05).

Gemessene Symptome, die sich als sig-
nifikant herausstellten, sind: Fati- gue, bleiernes
Geflihl, Schmerzen, geis- tig mide, kérperlich
erschopft, korper- lich erschopft nach Aktivitat,
Muskel- schmerzen, Kopfschmerzen, Muskel-
schwache, Aufmerksamkeit, Konzentra- tion und
Herzrasen.

Daraufhin wurde die Effektstarke einzel-
ner Symptome errechnet, die von schwach (r =
.13) bis mittel (r = .37) reichte. Durch den Ver-
gleich der Mittel- werte beider Gruppen zeigte
sich, dass alle genannten Symptome signifikant
starker bei Individuen mit chronischem Fatigue
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Syndrom ausgepragt sind.

Allerdings kann die Hypothese nicht
bestatigt werden, da die Symptom- profile der
beiden Krankheiten gleich sind und sich ledi-
glich in Intensitat und Haufigkeit unterscheiden.

Herzrasen

—
) I
Aufmerksamkeit ——
I —
Muskelschmerzen mm—
——
Korperlich erschopft —mmr—
—
Schmerzen Emr—
_ —
Fatlgue _
0 50 100

ME/CFS mLC mGesund

Abbildung 2: Darstellung der Unterschiede der 3
Gruppen im Hinblick auf relevante Symptome

Diskussion

Hypothesen

Die erste Hypothese befasst sich damit, dass
eine Impfung vor einer Covid-19- Infektion das
Risiko an Long Covid zu erkranken reduziert.
Die Ergebnisse fuhrten dazu, dass die Hy-
pothese ver- worfen werden musste, da keine
signifi- kanten Unterschiede bei der Entstehung
von Long Covid zwischen einer oder kei- ner
Impfung gefunden wurden. Dies kénnte auf die
Tatsache zurlickzufihren sein, dass ein
einziger Impfstoff nicht ausreicht, um Schutz
vor Long Covid zu gewahrleisten. Menschen
galten dies- bezlglich in den meisten Fallen
erst als geimpft, wenn sie zwei Impfungen
erhal- ten haben. AusschlielRlich Personen, die
eine Johnson & Johnson Impfung erhal- ten
hatten, galten bereits nach einer Impfung als
geschitzt. Dartber hinaus reichen mittlerweile
ausschliel3lich zwei Impfdosen nicht langer
aus, um als voll- standig geimpft zu gelten.

Die zweite Hypothese, dass eine vollstandige
Immunisierung vor der Co- vid-19 Infektion bes-
ser vor einer Entste- hung von Long Covid
schitzt als keine Impfung, musste verworfen
werden. Dies koénnte auf die Ungewissheit Uber
Veranderungen des Gesundheitszu- standes

der Teilnehmenden zwischen den Impfungen
zurlckzufuihren sein. Hierbei muss beachtet
werden, dass zwischen den Impfungen sehr viel
pas- siert sein kann und dies sehr schwer zu er-
heben ist. In der Zwischenzeit kdnnten die Ver-
suchspersonen Risikopatienten geworden sein
sowie moglicherweise mehrere Erkrankungen
durchlebt haben, die neben den Impfungen
einen Einfluss auf unsere Hypothese haben
kdnnten.

Die dritte Hypothese konnte be- statigt
werden. Es konnte festgestellt werden, dass
Personen, die an Myalgi- scher Enzephalomyeli-
tis/chronischem Fatigue Syndrom und Long
Covid leiden, depressiver sind als gesunde
Menschen. Dies koénnte auf die von den
Erkrankun- gen verursachten Einschrankungen
und Symptome zurlickzufiihren sein.

Zusatzlich konnte herausgefun- den
werden, dass Personen mit Myalgi- scher En-
zephalomyelitis/chronischem Fatigue Syndrom
etwas hdhere Werte auf der Depressionsskala
aufweisen als Menschen mit Long Covid. Dies
kénnte durch die Schwere und die Haufigkeit ih-
rer Symptome verursacht werden. Dar- Uber
hinaus muss beachtet werden, dass es sich bei
Long Covid um eine noch nicht besonders lange
existierende Erkrankung handelt. Es besteht
diesbe- zuglich die Moglichkeit, dass die Dauer
der Erkrankung von Menschen, die un- ter My-
algischer Enzephalomyelitis/chro- nischem Fa-
tigue Syndrom leiden, Uber die der Long Covid
Erkrankten hinaus- geht.

Die vierte Hypothese musste ebenfalls
verworfen werden. Die von uns erwarteten un-
terschiedlichen Symp- tomprofile in Bezug auf
Menschen mit Myalgischer Enzephalomyeli-
tis/chroni- schem Fatigue Syndrom und Long
Co- vid sind nicht aufgetreten. Obwohl die
Symptome von jeweils beiden Gruppen erlebt
werden, berichten Menschen mit Myalgischer
Enzephalomyelitis/chroni- schem Fatigue Syn-
drom, dass sie diese haufiger und intensiver
erleben. Dieser Befund kdnnte mit den bereits
genann- ten Einschrdnkungen einhergehen.
Auch andere Studien haben bereits ge- zeigt,
dass die Symptomprofile beider Erkrankungen
vergleichbar sind, aber sich in der Dauer unter-
scheiden. (Po- enaru et al., 2021)
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Validierung der deutschen Uberset- Jung
des Symptom Questionnatre- 2

Bezogen auf die interne Konsistenz deu- ten
Cronbachs Alpha Werte auf sehr hohe Korrela-
tion hin. Diese Werte zei- gen somit, dass die
Iltems beinahe das Gleiche messen. Es ist
wichtig klarzu- stellen, dass dies fir das Ziel
unserer Studie jedoch vorteilhaft ist.

Einschrinkungen

Das Ausflillen des Fragebogens nimmt viel
Zeit der Versuchspersonen in An- spruch. Fur
Menschen, die unter Myalgi- scher Enzepha-
lomyelitis/chronischem Fatigue Syndrom oder
Long Covid lei- den, stellt dies eine
Herausforderung dar. Dies kdnnte sie dazu
veranlassen, den Fragebogen unaufmerksam
und Ubereilt auszufiillen. Dadurch besteht das
Risiko, dass falsche Angaben geta- tigt
werden.

Darlber hinaus beruhen die er- ho-
benen Daten auf Selbstauskiinften. Sogar die
Angabe einer arztlich besta- tigten Diagnose
ist auf Selbstauskunft zurlckzufthren. De-
mentsprechend wur- den keine Diagnosen
durch arztliches Fachpersonal bestatigt.

Da die Befragten ihre Symptome der
letzten sechs Monate angeben mussten,
koénnte dies zu einer Verzer- rung fihren. Dies
beruht auf der An- nahme, dass die Versuch-
spersonen sich nicht genau an die Intensitat
und Haufigkeit der Symptome der letzten
sechs Monate erinnern kénnen und ihre Anga-
ben somit verfalscht sein kdnnten.

Ausblick

Der Befund, dass Impfungen nicht
signi- fikant vor Long Covid schiitzen, kénnte
darauf zurtckzufihren sein, dass sich auf
Selbstberichte verlassen wurde. In unserer
Studie wurden die Angaben der Teilneh-
menden nicht arztlich bestatigt. Aus diesem
Grund kann nicht sicher da- von ausgegangen
werden, dass die Teil- nehmenden tatsachlich
an Long Covid erkrankt sind.

Wichtig zu erwahnen ist, dass, um eine
Diagnose zu erlangen, eine be- stimmte
Prozedur an Untersuchungen erfolgen muss.

Wenn anhaltende Symp- tome bestehen
bleiben, sollte eine arzt- liche Untersuchung vier
Wochen nach der Infektion erfolgen. Hierbei
geht es darum, Organfunktionsstérungen und
andere Ursachen von Fatigue auszu- schlief3en.
Bei anhaltenden Beschwer- den sollten gezielte
symptomorientierte Untersuchungen unter Ein-
beziehung verschiedener Facharzte erfolgen.
Hier- fur gibt es eine Vielzahl diagnostischer
Méglichkeiten in den verschiedenen me-
dizinischen Fachbereichen. Es wird eine pneu-
mologische Diagnostik zur Unter- suchung der
Atemwege und der Lungen durchgeflhrt, intern-
istische Diagnostik zum Beispiel Rdntgen
werden gemacht, um eventuelle Schaden des
Nervensys- tems festzustellen, werden neurolo-
gi- sche Untersuchungen gemacht, es wird eine
Labordiagnostik also eine Blutana- lyse ge-
macht und die Diagnostik des Fatigue-
Syndroms wird erfasst. (ME- DIAN Unterneh-
mensgruppe B.V. & Co. KG, 2021).

Dies kénnte ein Anreiz fir wei- tere
Studien darstellen. In diesen koénnte es
verpflichtend sein, eine arztliche Be- statigung
der Diagnose vorzulegen. Dies ist vor allem aus
dem Grund inte- ressant, dass einige Studien
bereits ge- zeigt haben, dass Impfungen vor
Long Covid schitzen kénnen. Forschende aus
Israel haben anhand von rund 3500
Teilnehmern untersucht, welchen Ein- fluss zwei
oder mehr Dosen des BioN- Tech/Pfizer-
Vakzins auf das spatere Long Covid-Risiko ha-
ben. Der Befund zeigt, dass es trotz Immun-
isierung zu Covid-19 kommen kann, jedoch die
Imp- fungen vor Long Covid schitzen (Kuodi, P.
et al.).
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Gaming for research: Happy or sad? An experimental
study on emotions & video games

Tascha Fairon, Kevin Hargiono, Lisa Maksimov, Elie Paul, Laura Peters; Saskia Schablowski

Supervisor: Elisabeth Holl, Gary Wagener

Video games are not only a tool of entertainment and pastime, but also a tool for therapeutic ap-
proaches and psychological utilities such as mood management and eudaimonic purposes. For this
study, Gris, a video game based on Elizabeth Kibler-Ross’s model of the five Stages of Grief, has
been chosen to identify possible mood alterations and relaxation effects. Furthermore, the study ex-
plores the significance of prior depressive symptoms and their gravity on this alteration. During a la-
boratory study, self-reported data was gathered before and after the gameplay and depressive
symptoms were priorly measured with the DASS-21 (Nilges & Essau, 2021). As a psychophysiologi-
cal recording, the heart rate variability (HRV) was measured during three different intervals. Results
demonstrate no effect on the relation between mood affect and alteration of depressive symptoms
as participants (N=64) did not report any subjective change in their emotional well-being. Results of
the physiological measurements, however, did show a significant change in the HRV. The consistent
increase of the RMSSD and the decrease of the LF/HF ratio during gameplay confirmed the (physio-
logical) relaxation effect of Gris. Results are discussed in terms of the additional purpose of video
games in the clinical and therapeutical domain for mood management and overall well-being.

for recovering from negative emotional states
and for interacting with players’ emotions and
mood (Villani et al., 2018). Video games in
therapeutical treatments have already shown
great success in reducing symptoms of de-

Introduction

Video game research has experienced great
popularity in the last few years, as video

games have become a big part of people’s
everyday entertainment choices. About half of
Germany's population plays video games reg-
ularly (Gaming & digitale Inhalte im Alltag |
evz.de). In addition to this, the gender distribu-
tion is nearly equal between men and women
and the average age of all players is about 37
years (Computerspieler - Anzahl in Deutsch-
land bis 2020, 2020).

As already shown by Reinecke (2017) and
Rieger et al. (2014) video games can be used
for mood management and eudaimonic pur-
poses, as in feelings of meaningfulness and
self-actualization or -reflection. Eudaimonic
video games can evoke mixed emotions and
meaningful affects (Oliver et al., 2012). Fur-
thermore, video games can be seen as a tool

pression and anxiety (Kowal et al., 2021) as
gameplay can lead to change in cognitive be-
havior and promote enjoyment, flow states,
and motivation in patients (Colder Carras et
al.,2018; Pine et al., 2020). In order to contrib-
ute new knowledge to this field of research,

this study concentrates on the relationship between play-
ing (meaningful) video games and mood, and how this is mod-
erated by depressive symptoms.

Theoretical background

Video games are mostly seen as tools to max-
imize fun and pass time, reducing them to he-
donistic uses. However, a considerable num-
ber of studies have shown that video games
can be used in many other contexts, for ex-
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ample in mood management and eudaimonic
purposes (Reinecke, 2017; Rieger et al.,
2014). Mood management theory states that
video game consumers choose the type of
game according to their current affective state
to optimize their mood.

Regarding the anhedonia experienced by
people with depression, recent evidence has
shown the usefulness of video games in
arousing positive emotions such as joy and
happiness, appreciation, competence and
connections between individuals. (Kowal et
al., 2021).

Additionally, research on role-playing video
games has shown that these games can be
valid therapeutic tools. Through self-
identification with the played character, pa-
tients could challenge and change ingrained
patterns of thinking and find positive alterna-
tives. When it comes to cognitive behavioral
outcomes, researchers have shown that
games can promote goal achievement and re-
evaluate and facilitate effective emotional flex-
ibility and regulation as a coping tool (Kowal et
al., 2021).

Research on media-induced recovery, for ex-
ample, suggests that in addition to mood re-
pair, media exposure may also facilitate the
restoration of other recourses, such as gen-
eral vitality and cognitive performance after
phases of stress (Reinecke, 2017).
Additionally, prior research on mood repair via
media found out that computer games might
be able to lead to a more active, vital state,
especially under the condition of a negative
state such as depression (Rieger et al., 2015),
which leads us to believe that media expo-
sure, in this case the meaningful video game
GRIS, might be able to mitigate and/ or allevi-
ate depressive symptoms or improve an al-
ready pleasant mood.

As for the game GRIS itself, it depicts Eliza-
beth Kubler-Ross' 5-stage model of grief rep-
resented in a self-healing journey through a
role-playing game story. (Sandra & Mutiaz,
2022).

Thus, the game covering a serious topic offers
non-hedonic gratification, such as feelings of
meaningfulness and/or contemplation.

Playing video games can have a positive ef-
fect on gamers lives and lead to learning pro-
cesses that can be divided into 3 categories.
Manipulation and control experience. ldentity
formation and identification with the character.
Feedback and reward through one’s own ac-
tions (see Villani et al., 2018). Individuals who
regularly play video games, and thus may be
more proficient in the above, may experience
a greater mood alteration through playing,
than individuals with less gaming experience,
as proficient gamers usually already have pos-
itive connotations with video games and their
possible benefits on one’s well-being. Howev-
er, some findings indicated that the number of
hours spent playing games is not related to
well-being (Vuorre et al., 0. J., 2022). On the
other hand, some findings claim that no video
game use at all can have poor well-being as
an outcome, moderate gaming a positive ef-
fect, and excessive gaming a negative one
(Jones et al., 2014).

Due to the mixed findings, the influence of
hours spent playing video games on well-
being needs further research.

In consideration of the findings of previous re-
search, this study was designed to test if the
video game (Gris') is capable of mood altera-
tion in consideration of prior depressive symp-
toms and how they influence mood alteration.
In addition, it is tested if playing Gris has a re-
laxation effect on its players. In detail, the fol-
lowing Hypothesis were tested:

H1: Playing Gris improves positive mood and
decreases negative mood from T1 (before
playing) to T2 (after playing).

H1a: Moderation - depressive symptoms:

The increase in positive mood and decrease
in negative mood are more pronounced in in-
dividuals with elevated DASS-21.

H2: Playing Gris has a relaxation effect:

! developed by Nomada Studios and published by De-
volver Digital. Trailer: https://youtu.be/BRiIKQIVo7ao


https://youtu.be/BRiKQIVo7ao

Fairon, Hargiono, Maksimov, Paul, Peters, Schablowski — Gaming for Research

The slope of heart rate variability from T1
(baseline: before playing) to T2 (during play-
ing) and to T3 (after playing).

H3a: Subjects that spend on average more
hours playing video games per week experi-
ence greater alteration in positive mood af-
fects as a result of playing Gris than people
who spend less hours playing video games in
a week.

H3b: Subjects that spend on average more
hours playing video games per week experi-
ence greater alteration in negative mood af-
fects as a result of playing Gris, than people
who spend less hours playing video games.

These hypotheses were tested in a lab exper-
iment in which participants provided infor-
mation about depressive symptoms and
played the meaningful game Gris for 20
minutes. Before and after gameplay, their pos-
itive and negative affect were assessed as
well as their heart rate variability.

Methods

Sample

An a priori power analysis was conducted us-
ing G*Power (Version 3.1.9.7) (Faul et al.,
2007) for sample size estimation. Results indi-
cated a minimum sample size of N = 43 to
achieve 95% power with a significance crite-
rium of a = .05. Recruitment took place via
flyers in the buildings and the area around
campus of the University of Luxemburg. Sixty-
four participants, aged between 17 and 33 (N
=64, M = 22.56, SD = 3.35) took part in the
study. Fifteen participants were male
(23.40%), forty-eight were female (75%) and
one participant was non-binary (1.60%). Fur-
thermore, data was collected about the gam-
ing experience of our participants, by asking
them about their usual gaming hours per
week. There was a range from zero to fifty-six
hours per week (M = 5.17; SD = 9.70). About

a third of the participants stated that they do
not play video games at all (21 participants,
32.8%).

Procedure

The experiment took place at the University of
Luxemburg and began with participants being
provided with informed consent. Afterwards,
three reusable electrodes were placed on the
participant’s upper body according to the
Eindhoven placements. Next, participants
filled out the first part of the questionnaire,
which contained the Positive and Negative Af-
fect Schedule (PANAS) (Breyer & Bluemke,
2016), the Difficulties in Emotion Regulation
Scale (DERS) (Kaufman et al., 2016), the De-
pression, Anxiety and Stress Scale — 21 Items
(DASS21) (Nilges & Essau, 2021), and the
Motivation to Play Scale (MOPS) (Holl et al.,
2022). After completing the questionnaire, par-
ticipants received the gaming instructions and
game controls and then played Gris on the
Nintendo Switch for 20 minutes. During the
game participants were left alone in the room
with dimmed lights and medium-level volume.
This was done in order to create a suitable
environment for participants to have the most
immersive gaming experience possible. After
20 minutes of gameplay, participants filled out
the second part of the questionnaire, which
contained the PANAS (Breyer & Bluemke,
2016) again. In addittion, a self-constructed
scale to measure how the gaming experience
was perceived and if there have been any dif-
ficulties while playing, consisting of 19 items,
was used. Afterwards, participants were al-
lowed to take off the electrodes and were de-
briefed and renumerated for their participation
with 10€ and study participation credits.

Material

Depressive symptoms -DASS

The Depression-Anxiety-Stress-Scale (DASS-21)
(Nilges & Essau, 2021) is an instrument to
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measure the different symptoms of depression,
anxiety and stress while trying to separate them as
accurately as possible. By creating items that are
clearly attributable to depression but not to anxiety
and vice versa and those where the classification
was not clear. The questions refer to the week prior
to taking the test and can be answered on a likert
scale from 0-3 with the following response possi-
bilities:

From 0 = Did not apply to me at all to

3 = Applied to me very much or most of the time.
A possible Item for the subscale ‘depression’ is:
Item 3: “I couldn’t experience positive feelings”.
The internal consistency of the scales is
Cronbach's a = .88 for the depression scale, a
= .76 for the anxiety scale, and a = .86 for
stress.

Emotion regulation - DERS

The DERS (Difficulties in Emotion Regulation
Scale) (Kaufman et al., 2016) is a self-report
instrument to measure emotion regulation
problems, which consists of 36 items and six
subscales: Nonacceptance, difficulties engag-
ing in goal-directed behavior, impulse control
difficulties, lack of emotional awareness, lim-
ited access to emotion regulation strategies
and lack of emotional clarity. A possible item
is: Item 2: “I pay attention to how | feel”. The
questions are rated on a 5-point Likert-scale
ranging from 1 “almost always”, to 5 “almost
never’. The internal reliability for the current
sample was .95. The DERS (Kaufman et al.,
2016) was used a control measure.

Positive and negative affect — PANAS

The PANAS is a 20-item-mood scale, measur-
ing positive and negative affect with 10 items
each (Breyer & Bluemke, 2016). Participants
are asked to respond to each item on a scale
from one to five, with 1 = very slightly and 5 =
very much. The answers refer to how often the
person has felt the mood matching item. In
this study it is used to assess the mood of par-
ticipants before and after playing the game.
Afterwards both measurements will be com-
pared, to check if mood alters after due to
gaming. The positive affect subscale consists
of 10 items, one of them is called “inspired”.

The negative affect subscale also consists of
10 items, one example for negative affect
would be: “distressed”. Pretest negative affect
Cronbachs a = .83 and posttest negative af-
fect a = .80. Cronbachs alpha for positive af-
fect equals: for pretest a = .81 and for posttest
a = .85.

Motivation to play scale — Mops

The MOPS (Holl et al., 2022) is a 58-item scale,
measuring gaming motivation with 10 subscales.
These subscales are creativity/exploration, escap-
ism, competition, prestige, enjoyment, achieve-
ment, socializing, boredom, aggression, and skill.
Participants are presented with the stem “I play video
games..." and have to rate items (e.g., ...to explore imagi-
nary worlds) on a 5-point scale from 1 = strongly disa-
gree to 5 = strongly agree.” Cronbach’s alpha for all
items is a = .96. There have not been any Hypoth-
esis regarding the MOPS (Holl et al., 2022), but it
is used as an addition scale.

Gaming Stimulus — Gris

Gris is a single player Jump-'n"-run adventure
game developed by Nomada Studios, pub-
lished in 2018. It illustrates the story of a fe-
male protagonist on her journey through grief.

The participants played the first passage of
the game in which the protagonist experiences
the first stage of grief. In this passage the
player had to do simple jump n” run tasks and
gained one of the many special abilities. The
first passage was chosen, as the player gets
an introduction to the game, it's theme and
aesthetic. The cutscene of the first passage
gives the player context of the background
history and therefore promotes the immersion
into the game. In addition, the beginning of the
game can be seen as less demanding than
the more advanced stages of the game in
terms of needed skill, which leads to less frus-
tration for inexperienced players. The game
Gris was chosen for this study, as it has been
designed based on Elizabeth Kiibler-Ross’s
model of the 5 Stages of Grief: denial, anger,
bargaining, depression and acceptance. This
model is represented heavily by illustrative
narration in GRIS (Sandra Mutiaz, 2021).
Thus, the game, covering a serious topic,
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does offer non-hedonic gratification, such as
feelings of meaningfulness and/or contempla-
tion and offering possible self-identification
with people suffering from depressive symp-
toms.

Heart rate variability

Heart rate variability (HRV) is a measure of
the variation in time between each heartbeat.
This variation is controlled by the autonomic
nervous system, which is subdivided into the
sympathetic and parasympathetic nervous
system. The heart is innervated by the auto-
nomic nervous system such that a relative in-
crease in sympathetic activity is associated
with a decrease in heart rate variability and a
relative increase in parasympathetic activity is
associated with an increase in heart rate vari-
ability. Thus, a relative increase in sympathetic
activity shortens the time between heartbeats,
and a relative increase in parasympathetic ac-
tivity lengthens the beat-to-beat interval (Lane
et al., 2009).

In the past, HRV measures have been suc-
cessfully used to identify the physiological
state in mediated contexts, for example, while
playing a video game (Hou et al., 2021).

A longer time interval between two heartbeats
thus meant an activation of the parasympa-
thetic nervous system and a higher degree of
relaxation.

Heart rate variability was measured during
three intervals in the experiment by placing
three disposable electrodes on the partici-
pant’s body (to the left and right sides of the
collarbone just below the trapezoid muscles to
address movement artifact), after cleaning and
gently abrading the skin surface, and then
connecting these electrodes to the BIOPAC
MP36. First, a baseline measure was taken
before playing the game, while participants
were filling out the first questionnaire. Then
during the game play again and lastly a post-
game measurement was taken, while the par-
ticipant filled out the second part of the ques-
tionnaire. The software “Acgknowledge” (Ver-
sion 5.0.6) was used to view the ECG data in
real time on a computer. Afterwards the data
was polished using the software “Physio Data

Toolbox” (Version 0.6.3) (Sjak-Shie, E. E.
,2022).

Results

Change in mood

A within-subjects ANOVA was calculated to see if playing
Gris increased positive affect and decreased negative af-
fect from before to after gameplay. There was no signifi-
cant change for positive affect (pre = 3.10 and post =
3.06), F = .12, p = .73, np? = .002 and for the nega-
tive scales (pre: 1.40 and post: 1.40). F =
.001, p=.98, np?=.00.

. Mean in mood is displayed in figure 1.

A Pearson correlation was conducted to es-
tablish the linear relationship between the var-
iance in mood (PANAS) (Breyer & Bluemke,
2016) and depressive symptoms (DASS-21)
(Nilges & Essau, 2021). Results showed no
significant correlation between the two varia-
bles (positive affect: p = .76, r = -.04; negative
affect: p = .86, r=.02)

So, the hypothesis H1 had to be refuted.

Figure 1: Mean Mood Results

Heart rate variability

Whether ‘Gris’ has a relaxation effect on the
subjects (H2) is illustrated by two graphs, each
of which measures the mean of the partici-
pants.

First, the root mean square of successive dif-
ferences between normal heartbeats in milli-
second (RMSSD) was analysed. Results of
RMSSD are displayed in figure 2. A within-
subjects ANOVA indicates that the RMSDD is
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lowest before the game (T1) (36.29 ms) and
increases during the game (43.44 ms) and af-
ter the game (45.10 ms). F(2,122) = 7.17, p =
.001 n2= .11

Figure 2: RMSSD results

In figure 3 the LF/HF ratio is displayed. The
results also support the hypothesis that the
video game 'Gris' has a relaxation effect. The
LF/HF ratio was analysed during T1, T2, and
T3. Results of a within-subjects ANOVA
showed a high LF/HF ratio indicates a domi-
nant activity of the sympathetic nervous sys-
tem. (p <. 05) F(1.75,106.44) = 3.45 p = .04,
n*=.06

It can be seen on the graph that the sympa-
thetic nervous system is higher before (T1 =
2.72) and after the game (T3 = 2.77) than dur-
ing the game (72 = 2.11)

Figure 3: LF/HF ratio results

The results on the third hypothesis show that
there are no significant results between gam-
ing-hours and change in positive affect.

The null hypothesis is confirmed, so H3a is re-
futed.

The results of the ANOVA and linear regres-
sion for the hours of gaming per week and

change in negative affects are not significant,
F=2388, p=.10.

However, a significant result on the Pearson
correlation (p = .05) has be found. Time spent
playing and change in negative affects corre-
late (r = -.21, p <.001), which means the more
participants played video games in their free
time, the smaller their change in negative af-
fects were.

The null hypothesis is confirmed, so H3b is al-
so refuted

Discussion

The results on mood indicate that participants
subjectively felt almost no mood-alteration af-
ter playing ‘GRIS’.

However, results based of the heart rate vari-
ability indicate that the parasympathetic nerv-
ous system becomes increasingly active and
remains so after having played the game.
(Lane et al., 2009). Since the increasing activi-
ty of the parasympathetic nervous system is
related to the slowing of the heart rate, this
graph speaks for the relaxation effect of the
game on the subject

Calculated values in the third figure corre-
spond to a relaxation effect during the game,
as the LF/HF ratio decreases during the
gameplay. The increase in sympathetic activity
T3 is explained by the fact that the subjects
are pulled out of the game after 20 minutes
and are again given a questionnaire to an-
swer.

The aims of this study were to identify mean-
ingful video games’ possible capability of
mood alteration in regards of prior depressive
symptoms and its relaxation effect.

The results obtained from the PANAS (Breyer
& Bluemke, 2016) questionnaire did not sup-
port the hypothesis that playing Gris has an
impact on mood alteration from T1 to T2. Sub-
jectively, there was no effect on the well-being
of our participants.

However, the physiological data collected by
measuring the heart rate variability supports
the hypothesis that there is a relaxation effect



Fairon, Hargiono, Maksimov, Paul, Peters, Schablowski — Gaming for Research

after playing the game. The phenomenon that
physiological well-being and subjective mood
do not align has already been shown in past
studies (Sommerfeldt et al., 2019).

The fact that participants did not indicate a
change in mood subjectively (PANAS) (Breyer
& Bluemke, 2016), but physiologically a relax-
ation effect was observed, is relevant for fu-
ture studies, as the number of stress-related
diseases rises and there is a high demand for
low cost and effective interventions, such as
meaningful video games. (Twenge et al.,
2019)

The present findings indicate, that even though subjects
did not perceive a change in mood subjectively, physio-
logically, participants felt more relaxed after playing the
meaningful video game. This adds to prior findings that
video games could have positive therapeutic effects on
people.

Limitations

A major limitation of our study is the lack of
variance in our participants.

More healthy individuals generally enrolled, so
the rate of people with depressive and anxious
symptoms was very low. This limitation affect-
ed the study because it is difficult to determine
whether the game Gris specifically has a posi-
tive effect on people with depressive symp-
toms. Consequently, our study suffered from a
so-called 'sampling or convenience bias', as
most of the subjects were university students.
There are also limitations caused by the game
itself, as 'Gris' is a unique game and therefore
does not represent all meaningful video
games. There is also the possibility that the
male and diverse participants have difficulty
identifying with the female protagonist.
Furthermore, it could be argued that game ex-
perience affected the 20 minutes of playtime.
Even though all participants played the same
passage of Gris and played for exactly 20
minutes, progress varied greatly among partic-
ipants. Future studies should, therefore, per-
haps include game progress as a control vari-
able.

Important to recognize is also that the physio-
logical relaxation might not be the result of the
video game Gris in itself, but instead stems

from the participant being at ease in the envi-
ronment, playing.

Conclusions

What emerges from this study is that meaning-
ful video games such as Gris do influence
mood alteration and present a relaxation ef-
fect, as the activity of both the sympathetic
and parasympathetic regions increased and a
psychophysiological change has been noticed.
This observation can be used by future re-
searchers and members in the therapeutical
field with the focus on video games’ contribu-
tion to the achievement of an overall state of
well-being and in treatments regarding mental
health problems, like depressive symptoms.
Even though the relaxation effect has been
proven on a physiological level, no subjective
change in participants’ mood were indicated
during the study and no mood alteration was
observed in individuals with elevated depres-
sive symptoms. Furthermore, participants with
higher hours of playing video games in their
free time, represented less mood alterations
on the negative scale. Future studies could,
therefore, elaborate on the different findings
on the subjective and psychophysiological
level. A follow-up study regarding the cause of
relaxation might bring more precise insights on
the effects of meaningful video games as an
additional control group would not be playing
Gris but participate in a different method of re-
laxation (e.g., playing a puzzle).
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The aim of this study is to investigate to what extend language profile (German /French) and
Cognitive Test Anxiety (CTA) affect test performance on a general knowledge test for Luxembour-
gish students. Therefore, participants were tested on two different ses-sions (once in German and
once in French). For the collection of the data, they com-pleted self-assessment questionnaires,
about the demographic background, language level-information, State and Trait Anxiety level and
the cognitive test anxiety. Further-more, they had to complete a computerized task, to test their gen-
eral performance in an exam-like situation.

Participants (N = 53) were aged between 19 and 34 years old, among these mostly women
(71.7%). They all followed the Luxembourgish school curriculum and thus all spoke Luxembourgish,
German, French and English.

The results show significant differences between language conditions for test accuracy (perfor-
mance), confidence in the test accuracy and solution time of the General Knowledge test tasks. Fur-
thermore, significant correlations were found between trait anxiety and CTA in both language condi-
tions. In addition, a negative correlation between CTA and test performance was found in the French
language condition. In the German language condition, there was found a positive correlation be-
tween trait anxiety and test performance. The language preference of the participants is presumably
the reason for the differences between the two language conditions (regarding test accuracy, confi-
dence, and solution time). In this study, the German language has been predominantly preferred,
which can be explained by various factors. A negative correlation between CTA and test perfor-
mance (French condition) can be attributed to the fact that anxiety becomes maladaptive above a

certain level and performance is thus negatively affected.
. ability. Research has shown that this is not al-
Introduction ways the case as performance depends on

After compulsory education until the age of 16,
many pupils continue their schooling and pur-
sue further studies at universities. The educa-
tional context is linked to evaluation: to meas-
ure the students' abilities and knowledge, their
performance in tests is evaluated (Angelidis et
al., 2019). Due to this evaluation, there are
many inter-individual and intra-individual com-
parisons. On the one hand students compare
their performance to that of their peers and on
the other hand they compare their perfor-
mance in the different subjects. The questions
that arise are what causes these inter- and in-
tra-individual differences and whether perfor-
mance is a true representation of the student's

several variables, such as the anxiety one
feels for a particular subject or test, but also
the language of instruction, for example (How-
ie, 2003; Mendez et al., 2019; Horwitz, 2001;
Teimouri et al., 2019).

Research has shown that anxiety can have a
negative impact on performance. Moreover,
foreign language anxiety negatively influences
language achievement (Horwitz, 2001; meta-
analysis by Teimouri et al., 2019). The metan-
alytical study by Teimouri and colleagues
(2019) clarified the relationship between lan-
guage anxiety and second language learning
and tried to assess the possible sources of
anxiety, such as teaching practices, for exam-
ple. The negative influence of language anxie-
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ty on achievement was not only found for stu-
dents but also on different instructional levels
and even for pre-service teachers. Further-
more, they showed that students with higher
levels of anxiety expected and received lower
grades than the less anxious colleagues.
However, it is important to distinguish between
the role of anxiety in language learning and its
role in language performance. Unfortunately,
the study found contradictory information.
While some of the studies they examined
showed a negative correlation between anxie-
ty and language achievement, others found no
correlation or even a positive correlation. In
addition, it is difficult to determine if anxiety
has interfered with the learning progress, thus
influencing achievement levels or if anxious
learners have difficulties displaying the com-
petence they have attained. Finally, there is
no mention of controlling for confounding vari-
ables.

In their educational career, people will not
simply have to perform but will also be evalu-
ated in many situations. As top performance is
expected in such test situations, the evalua-
tion of their performance can have significant
consequences for the rest of their lives (Ange-
lidis et al., 2019). Angelidis and colleagues
(2019) examined how cognitive performance
anxiety (CPA) influences the performance in
tasks and especially the performance of work-
ing memory. It was found that, in general,
people who experienced high levels of stress,
had a significantly slower working memory
performance. They explained this through the
impairment of stress on the attentional control
of the participants. They also found differ-
ences in the performance, depending on the
level of CPA. On the one hand, the study
demonstrated more reality than other studies,
as the stress levels were high for a longer pe-
riod of time as the participants had to perform
multiple cognitive tasks, but on the other hand,
not all realistic factors were taken into consid-
eration. For example, a detailed preparation
could reduce anxiety for some people. In their
study, they only included women and exclud-
ed men, so this raises the question of how
representative the study is for the population
as a whole.

Research shows that in evaluative situations,
Cognitive Performance Anxiety (CPA) can
arise and reveal obstacles to academic
achievement (Thomas et al., 2018). Language
anxiety can occur while performing in foreign
language tasks. Consequently, such anxieties
could be linked to situations in which people
are being asked to perform and are evaluated
simultaneously (Angelidis et al.,, 2019; Cas-
sady & Johnson, 2002).

Similarly, Zheng and Cheng (2018) wanted to
investigate the nature and effect of anxiety. In
their study, they used a context of high stakes
testing for Chinese University students learn-
ing English as a foreign language. Therefore,
the study examined students’ perceptions of
their anxiety levels including foreign language
classroom anxiety and test anxiety and the re-
lation to their test performance. They found
that Cognitive Test Anxiety (CTA) is a signifi-
cant predictor of language achievement. How-
ever, the interviews about the perceived anx-
iety of the students were conducted a few
days after the testing, which might distort their
results about anxiety levels.

Overall, research on CPA/CTA demonstrates
a negative influence on language performance
(Zheng & Cheng, 2018), working memory
(Angelidis et al., 2019) and general test per-
formance (Cassady & Johnson, 2001).

In the study by Kleemans and Segers (2020),
it was examined whether basic linguistic skills
determine growth in advanced mathematics.
To assess this, they examined the difference
between first language and second language
learners in advanced math growth to investi-
gate to what level the basic and advanced lin-
guistic skills of first/second language learners
directly/indirectly affect mathematical growth.
They found lower scores for second language
learners on advanced mathematics and lin-
guistic skills. Advanced linguistic skills directly
predicted the growth in geometry and fraction
skills whereas basic linguistic skills predicted
growth in advanced mathematics through
arithmetic. They observed no difference in
gender and socioeconomic status. Unfortu-
nately, they didn’t take any other variables into
consideration, such as reading comprehen-
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sion or other extraneous variables, for exam-
ple. Furthermore, they only drew conclusions
from measurements of fifth graders. There-
fore, this sample is not representative of the
whole population. We know from studies on
mathematical achievement that those whose
mother tongue is different from the language
of instruction perform particularly poorly in
math tasks (Greisen et al., 2021).

According to the study conducted by Greisen
and colleagues (2021), there is a relation be-
tween mathematical performance and lan-
guage. To study this relation, the researchers
analysed existing data of Luxembourgish 3rd
graders in two consecutive years, separating
them in groups according to their native lan-
guage (Luxembourgish, French, Portuguese,
south Slavic language). They had to solve
mathematical problems, of which the instruc-
tions were written in German. The Luxem-
bourgish group performed better in both
mathematics achievement and German read-
ing comprehension. This leads to the conclu-
sion that lower reading comprehension of
mathematics instruction is indeed responsible
for lower mathematics achievement in speak-
ers of different mother tongues. However, one
cannot fully depend on those findings as the
only reference group were German people.
Moreover, the use of existing data means that
there is a lack of control over collected data.
Finally, the study lacks the aspect that the mo-
tivation to learn German or Math could be a
potential driving factor resulting in improved or
impaired math performance.

There is a large body of research conveying
that the language of instruction plays a critical
role in a student ‘s performance. People
whose first language is not the one in which
content is taught and tasks are given perform
comparatively worse than people whose
mother tongue is the language of instruction.
(i.e., Howie, 2003; Mendez et al., 2019).

This research is of particular importance for
multicultural and multilingual educational insti-
tutions that try to integrate students with di-
verse language profiles (and often immigration
backgrounds). Such students come from
homes where the language spoken is different
from the language in which the educational in-

stitution executes its lectures (Greisen et al.,
2021). In this context, Luxembourg stands out
as a trilingual country with a multilingual edu-
cation system (Ministére de I'Education natio-
nale et de la Formation professionnelle, n.d.).
Concretely, in primary school, the languages
Luxembourgish, German and French are
learned, with the content of non-linguistic sub-
jects being taught in German. In secondary
school, another language (English) is added
and, in addition, a change in the language of
instruction takes place. From the fourth year
on, most of the content, except the language
lessons, is taught in French for the people fol-
lowing the classical secondary education. As
for the people following the general secondary
education, the language of instruction remains
German with a few isolated exceptions de-
pending on the chosen specialization.

Figure 1: Luxembourgish school curriculum

Through the influence of the non-native lan-
guage of instruction on academic performanc-
es, this linguistic diversity can be challenging
for students (Ministére de I'Education natio-
nale et de la Formation professionnelle, n.d.).
Especially the results of the study by Greisen
and colleagues (2021) and a lot of other re-
search that has been conducted in the educa-
tional context, presented earlier, point to this
problem. Still, a gap remains concerning stud-
ies about the relationship between cognitive
test anxiety and test performance which take
the language of instruction into account.
Therefore, this study examines the relation-
ship between language profile, CTA and test
performance for the special case of Luxem-
bourg.

This within subject designed experiment uses
a general questionnaire in English to assess
the participant’'s data. Furthermore, the State
Trait Anxiety Inventory (STAI) by Spielberger
(1983) is conducted to evaluate the partici-
pant’s trait and state anxiety and the second
edition of the Cognitive Test Anxiety Scale
(CTAS-2) by Thomas et al (2018) offers in-
sight about the anxiousness level after the
tests. Finally, the test accuracy of the cognitive



Azmeh, Backes, Eiden, Schadler, Scherschel, Tandel, Weydert — Too anxious to think

computer test is utilized to measure perfor-
mance.

The hypotheses of the study were based on
the following:

When one feels anxiety, the body gets
aroused, and it is subsequently assumed that
this arousal interferes with the test perfor-
mance. Therefore, in our first hypothesis, we
assume that the higher the CTA for the Ger-
man language of instruction, the lower the per-
formance in the tasks will be. Similarly, the
participants with a higher CTA level for the
French language of instruction would also per-
form worse. In other words: If one is not anx-
ious of German/French instructional language
on a test, performance will not suffer. Since
German is not only the first language taught in
Luxembourgish schools, but also the most
common language of instruction, it is more
present than French during the academic ca-
reer.

For this reason, it is assumed that individuals
will perform better in the German condition
than in the French condition. Moreover, it is
presupposed that participants perform better
in the test in the preferred language of instruc-
tion. As a result, the participants who prefer
French would achieve higher accuracy levels
in the tests where the language of instruction
is also French. In contrast, the participants
with a preference for German would achieve
higher accuracy levels in the tests with the
German instructional language.

H1. There is a relationship between cognitive
test anxiety and performance.

H1a. The higher the CTA in the German lan-
guage of instruction, the lower the test accu-
racy.

H1b. The higher the CTA in the French lan-
guage of instruction, the lower the test accu-
racy.

H2. The language of instruction influences the
test accuracy.

Methods

Sample Description

Altogether N = 57 participants were tested in the
present study, but only the ones with a whole data
set were included. This gave us a sample of N =53.
The recruitment of participants took place via the
university’s Moodle forum, social media and
WhatsApp groups. In addition, some participants
were not recruited online but in person.

Participants were aged between 19 and 34 years
old, the average age was M = 21.96 (SD = 3.36)
years. As far as sex distribution is concerned,
71.7% were female and 26.4% were male. One
participant gave no information about their sex.

The following inclusion criteria had to be fulfilled
for participation: participants must have normal to
corrected-to-normal vision and must have followed
the Luxembourgish school curriculum as well as
speaking German, French and English. 62.3%
claimed to be fully proficient in and 18.9% to be
native speakers of German. For French, 56.6%
claimed to be advanced, 15.1% to be fully profi-
cient and 17% to be native. As for English, 47.2%
claimed to be advanced and 35.8% to be fully pro-
ficient. Participants with learning difficulties (e.g.,
dyslexia or dyscalculia), mood disorders (e.g., anx-
iety or depression) or attention disorders (e.g.,
ADD or ADHD) were excluded. In our study, there
was no person who met these criteria, so no one
had to be excluded because of this.

As a compensation, participants received two 10€
vouchers and two course credit hours. The ethical
approval was obtained for the University’s Ethical
Committee. Informed consent was sought from all
participants prior to the study.

Sample characteristics are summarized in Table 1.
Table 1: Average Age, Language Proficiency Lev-
els and Preferred Exam Language
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Measures and Instruments

The participants completed self-assessment ques-
tionnaires and a computerised task, described in the
sections below.

GENERAL QUESTIONNAIRE

Demographic information and language level in-
formation were collected using a general question-
naire created by the researchers.

Information such as age, languages spoken at home
(‘Which language(s) do you speak with your moth-
er?” and ‘Which language(s)do you speak with
your father?’), additional languages (‘If you speak
any additional language, please specify below’)
and ‘Preferred language’ (‘In which language(s) do
you prefer to speak?’) was recorded.

In addition, the participants were asked to self-
assess their language level on a scale from 1 ‘be-
ginner’ to 4 ‘native speaker’. The questionnaire al-
so included questions, checking whether the partic-
ipants met the inclusion or exclusion criteria
mentioned above.

STATE-TRAIT ANXIETY INVENTORY (STAI)

In order to control whether cognitive test anxiety
was associated with general anxiety or trait anxie-
ty, we also administered the State-Trait Anxiety
Inventory (STAI) by Spielberger et al. (1983) to
measure participants’ state (S) and trait (T) anxiety.
Moreover, we wanted to ensure that the state anx-
iety does not differ between the two testing ses-
sions.

The State Anxiety measures the anxiety level at the
moment and the Trait Anxiety measures the gen-
eral anxiety level of a person. The psychological
Inventory consists of 40 self-reported items on two
scales, 20 each of State-Anxiety and Trait Anxiety.
The participants had to complete the items on a 4-
point Likert-scale from 1 (‘not at all” for S-anxiety
and ‘almost never’ for T-anxiety) to 4 (‘very much
so’ for S-anxiety and ‘almost always’ for T-
anxiety) (Spielberger et al., 1983). The STAI was
completed by the participants in English, the origi-
nal language. To score the STAI the average total
score was used, so the higher the scores on the
scale level, the higher the levels of anxiety (Spiel-
berger et al., 1983).

GENERAL KNOWLEDGE TEST

In order to stimulate an exam-like situation in a
laboratory setting and to ensure a higher eco-
logical validity (i.e., a stimulated real-life situa-
tion), we administered a timed General
Knowledge Test via the programme PsychoPy
(Peirce, 2007).

The participants’ general performance was meas-
ured by a General Knowledge Test created by the
researchers. It consists of 12 general knowledge
items of varying degrees of difficulty (e.g., “When
did the Second World War take place?’, ‘what is
the longest river in the world?’, etc.). For each
item, the participants had to select one of four pos-
sible answers. The General Knowledge Test was
divided into two parts, so that 6 items per session
were presented one after the other to the partici-
pants (either in French or German, depending on
the session). The items differed in both language
sessions, so they were not used twice.

In addition, we also collected information about the
subjective retrospective confidence of the partici-
pants. Concretely, after each question, the partici-
pants rated how confident they were about the ac-
curacy of their answer (‘certainly wrong’,
‘probably wrong’, ‘maybe wrong’, ‘maybe cor-
rect’, ‘probably correct’ or ‘certainly correct’). The
participants had a total of 25 minutes to complete
the tasks but should do it as fast as possible and
could have breaks in-between. Hence, their per-
formance was not only measured based on the ac-
curacy of their answers but also on their solution
time.

COGNITIVE TEST ANXIETY SCALE — 2ND EDI-
TION (CTAS-2)

To measure the participants’ cognitive test anxiety,
the 2 edition of the Cognitive Test Anxiety Scale
(CTAS-2) by Thomas et al. (2018) was used. The
scale consists of 24 items and was developed to
measure cognitive indicators of test anxiety at all
stages of preparation and performance in the learn-
ing test cycle (Thomas et al., 2018). Participants
had to complete the items using a four-point scale
ranging from 1 (‘not at all typical of me’) to 4
(“very typical of me’). The CTAS-2 was translated
into German and French by the researchers.

To score the CTAS-2, the average score was used,
so higher scores on the scale indicate higher levels
of cognitive test anxiety. Additionally, the order



Azmeh, Backes, Eiden, Schadler, Scherschel, Tandel, Weydert — Too anxious to think

of the items was randomised across both lan-
guages (German and French).

Study Design and Procedure

All measurements above were administered in a
within-subject-design with language condition
(French vs. German) as the independent variable.
As dependent variables we used the average score
on the anxiety scale as well as the mean accuracy
and solution time on the general knowledge test.

Participants were tested in two different sessions
(once in German and once in French, preferably
with 3-7 days in between) and the order of the lan-
guage was counterbalanced across participants
(half of them first started with the German conditi-
on and half with the French condition).

The actual testing began with the participants fil-
ling out a General Questionnaire, gathering general
socio-demographic and language information (in
English). It was also possible to complete the ques-
tionnaire at the recruitment stage (before coming to
the lab). Afterwards, the researchers administered
the State-Trait Anxiety Inventory (STAI in Eng-
lish) to the participants.

The next step was the Computer Testing. The rese-
archers handed the participants a laptop with the
General Knowledge Test for which they had a ma-
ximum of 25 minutes to complete (in French or
German, depending on the session) but they were
asked to get it done as fast as possible. After each
item, the participants had to rate on how confident
they were about the accuracy of their answer. After
the computer task was, the participants completed
the CTAS-2 (in French or German, depending on
the session).

In the second session, the participants only had to
fill out the State Anxiety Scale (in English), com-
plete the General Knowledge Test (in French or
German, depending on which language they had
used in the prior session) and finish with the
CTAS-2 (in the language of the session).

In general, all questionnaires were self-
administered, and the general knowledge test was
self-paced as well. The duration of each session
was approximately 45 minutes, and the participants
received their reward (10-euro voucher) after each
session and could get course credit hours if needed.

Debriefing was done only at the end of the second
session.

From the greeting to the computer testing, the rese-
archers spoke English with the participants to
avoid language context effects, since research has
shown that language context can provide cognitive
cues and facilitate or hinder further performance
depending on whether it was done in a congruent
or incongruent language (Van Rinsveld et al,
2017). From the start of the computer testing, the
test leaders could speak English or the language of
the session (German in the German session, French
in the French session) to the participants. For the
debriefing the language was chosen freely.

Results

Table 2: Descriptive of Measurements

Control Tests

First, as a form of control, we conducted a depen-
dent, two-tailed #-test to check for differences con-
cerning the state anxiety of the participants
between both sessions. We found that rated state
anxiety in the first session (M = 2.27, SD = 0.20)
does not significantly differ from the rated state
anxiety in the second session (M = 2.23, SD =
0.22), #(52) = 1.61, p = 0.113, Cohen’s d = 0.22.
This means that any potential differences in the
CTA between French and German are unlikely to
be due to the fact, that participants were more anx-
ious that day.

We also conducted a correlation analysis between
Trait Anxiety and State Anxiety for the complete
sample and found that there is a significant posi-
tive relationship between the state anxiety scale
from the first session and the trait anxiety scale, » =
.5, p <.001, Cohen’s d = 0.22. The higher the anxi-
ety on the trait scale (M = 2.36, SD = .24), the
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higher the anxiety on state scale (M = 2.27, SD =
.20).

Since both scales correlate positively with each
other, the Trait Anxiety Scale was used as the vari-
able for "anxiety" for all further analyses.

General Knowledge Test Peyformance

TEST ACCURACY

Results of a dependent, two-tailed #-test across the
whole sample on the accuracy of the General
Knowledge Test Tasks showed that the perfor-
mance in the German condition differs significant-
ly from the performance in the French condition,
#(52) =17.96, p <.001, Cohen’s d = 1.09. As a con-
clusion the first hypothesis that participants per-
form better on tasks in their preferred exam lan-
guage is considered as confirmed. Participants
performed better on the General Knowledge Tasks
in the German condition (M = .63, SD = .19) than
in the French one (M = .41, SD = .21).

CONFIDENCE IN ACCURACY IN BOTH LAN-
GUAGE CONDITIONS

To check the above findings further, we conducted
a dependent, two-tailed #-test across the whole
sample on the confidence of the participants in the
accuracy of their answers. Results showed that the
confidence regarding the answering of the General
Knowledge Test Tasks in the German condition
significantly differs from the confidence regarding
the answering of the General Knowledge Test
Tasks in the French condition, £(52) = 3.180, p <
.01, Cohen’s d = .69. This means that participants
are more confident when answering General
Knowledge Test Tasks in the German condition (M
= 3.72, SD = .76) than when answering General
Knowledge Test Tasks in the French condition (M
=3.42,5D=.77).

However, the results of a further dependent, two-
tailed #-test show that the solution time when indi-
cating the confidence regarding the answering of
the General Knowledge Test Tasks in the German
condition (M = 2.69, SD = .74) does not signifi-
cantly differ from the solution time when indicat-
ing the confidence regarding the answering of the
General Knowledge Test Tasks in the French con-
dition (M = 2.64, SD = 1.04), t(52) = .28, p = .778,

Cohen’s d = .04. So the confident judgements were
done equally fast in both language conditions.

SOLUTION TIME IN BOTH LANGUAGE CONDI-
TIONS

We conducted a dependent, two-tailed 7-test across
the whole sample on the solution time for the Gen-
eral Knowledge Test Tasks. Results showed that
the solution time in the German condition signifi-
cantly differs from the one in the French condition,
#(52) = -5.04, p < .001, Cohen’s d = -0.69. When
answering General Knowledge Test Tasks in the
German condition, participants were faster (M =
11.55, SD = 4.82) than when answering the tasks in
the French condition (M = 14.29, SD = 5.14).

Cognitive Test Anxiety and Task per-
Jformance

First, we conducted a dependent, two-tailed #-test
to check for differences concerning the cognitive
test anxiety of the participants between the French
and German session. We found that rated cognitive
test anxiety in the German condition (M = 1.97, SD
= .49) does not significantly differ from the rated
cognitive test anxiety in the French condition (M =
1.98, SD = .54), ¢ (52) =-.32, p = 0.751, Cohen’s d
=-.04.

Table 3: Correlations between CTAS (DE/FR), Trait
Anxiety and Test Accuracy

Results of a correlation analysis showed that
there is a significant positive correlation be-
tween trait anxiety (M = 2.36, SD = .24) and
cognitive test anxiety (M =2.00, SD = .49) in the
German condition as well as in French condi-
tion (M = .41, SD = 21) (r= .37, p <.01). These
results were expected as trait anxiety is a
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more general mechanism than cognitive test
anxiety.

Furthermore, we wanted to find out whether there
is a relationship between cognitive test anxiety and
performance. Results of a correlation analysis on
the whole sample (N = 53) showed that in the
German condition there is no significant correla-
tion between the cognitive test anxiety (M = 2.00,
SD = .49) and the performance (M = .63, SD =
.19), r= .16, p = .245. However, results of a fur-
ther correlation analysis showed a significant
positive correlation between trait anxiety (M =
2.36, SD = .24) and performance (M = .63, SD =
.19) in the German condition (r = .35, p < .01).

In addition, results of a correlation analysis
showed that in the French condition, there is a sig-
nificant negative correlation between the perfor-
mance and the cognitive test anxiety, r = -.27, p <
.05. For the French condition, the lower the partic-
ipant’s cognitive test anxiety (M = 1.98, SD = .54),
the better their performance (M = .41, SD = .21).

When controlling for trait anxiety in an addi-
tional correlation analysis, the obtained results
remain the same: there is still no significant
correlation between cognitive test anxiety (M =
2.00, SD = .49) and performance (M = .63, SD =
.19) in the German condition (r = .04, p = .79)
and there remains a significant negative cor-
relation between cognitive test anxiety (M =
1.98, SD = .54) and performance (M = 41, SD =
.21) in the French condition (r=-.27, p < .05).

COGNITIVE TEST ANXIETY AND PERFORMANCE
WITH GERMAN AS PREFERRED EXAM LAN-
GUAGE

As outlined in the analysis of our sample, most of
the participants (N = 36) stated that they preferred
taking exams in German language of instruction.
As already mentioned in the results before (see sec-
tion concerning “General Knowledge Test Perfor-
mance: Test Accuracy”), participants also per-
formed better on the General Knowledge Tasks in
the German condition than in the French condition.
This raised the question of whether the language of
preference might play a bigger role than the lan-
guage of instruction when it comes to the relation-
ship between cognitive test anxiety and perfor-
mance. Therefore, participants who preferred
taking exams in German language were filtered out

to check for them whether there is a relationship
between the performance and the cognitive test
anxiety in the German and French condition.
Results of correlation analysis showed that for
those who indicated German as their preferred ex-
am language, there is no significant relationship
between the performance (M = .61, SD = .18) and
the cognitive test anxiety (M =1.95, SD = 48) in
the German condition, » = .14, p = .411. With re-
gards to the French condition, the results also
showed there is no significant relationship be-
tween the performance (M = .39, SD = .22) and the
cognitive test anxiety (M = 1.96, SD = .56) for
those who indicated German as their preferred ex-
am language, r =-.23, p = .182.

Summary of the results

With specific reference to our hypotheses, the most
important results are summarised below.

In general, there were no differences in the general
anxiety between the two sessions.

Differences between language conditions were ob-
served for test accuracy (performance), confidence
in the test accuracy and solution time of the Gene-
ral Knowledge test tasks.
No differences between language conditions have
been found for cognitive test anxiety and solution
time when indicating the confidence in the ac-
curacy of the answers on the General Knowledge
Test.

Overall, significant correlations were found
between trait anxiety and cognitive test anxiety in
both language conditions. Furthermore, in the
French language condition there was a negative
correlation between cognitive test anxiety and test
performance and in the German language condition
there was a positive correlation between trait
anxiety and test performance. However, in the
German language condition, no correlation was
found between cognitive test anxiety and test per-
formance. The correlations found remained even
when trait anxiety was controlled for.

In the analysis of participants who indicated Ger-
man as their preferred exam language, no correlati-
ons were found between CTA and test performance
in either language condition.
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Discussion

Since previous studies have examined the influence
of either anxiety or language on performance, this
study focuses on the integration of these two factors.
Thus, the aim of the study is to investigate the influ-
ence of Cognitive Test Anxiety (CTA) and language
of instruction on performance.

Consequently, two test sessions, either with
French or German as language of instruction,
were conducted with 53 participants who went
through the Luxembourgish school system.
The aims of conducting this study were the fol-
lowing:

The first goal was to examine whether there is
a relationship between Cognitive Test Anxiety
and performance (H1). This hypothesis has
been divided into two sub-hypotheses: the
higher the CTA in German language of in-
struction, the lower the test accuracy (H1a).
The higher the CTA in French language of in-
struction, the lower the test accuracy (H1b).
The second hypothesis (H2) stated that the
language of instruction influences the test ac-
curacy.

To test these hypotheses, we chose a within-
subject-design and the following methods:
First, a general questionnaire was used to ob-
tain socio-demographic information and to
classify the language levels of the participants.
Second, a state and trait anxiety questionnaire
was applied to measure the general and cur-
rent anxiety. Third, the participants were
asked to complete a general knowledge test
on the computer - once in German and once
in French. Finally, a validated CTA question-
naire was administered to measure the Cogni-
tive Test Anxiety.

The results concerning the measurement of
trait and state anxiety show that participants
do not show any differences regarding the
state anxiety of the first and the second ses-
sion. This finding implies that there are no dif-
ferences in both sessions in terms of the cur-
rent anxiety before testing. Consequently,
differences between the French and German
session, if present, cannot be explained by the
fact that participants just had a bad day. Like-
wise, the analysis reveals a positive correla-
tion between trait anxiety and state anxiety.

This can be explained by the fact that people
who generally have a high trait-anxiety are al-
so more likely to have higher state-anxiety in a
given situation (Leal et al., 2017). Previous lit-
erature has also shown that there is a differ-
ence in performance between people with
higher and lower trait anxiety because it also
has a detrimental effect on the working
memory (Angelidis et al., 2019).

The first sub hypothesis, regarding the Ger-
man language, turned out to be non-significant
and therefore could not be confirmed.
The sub-hypothesis regarding the French lan-
guage was confirmed since results showed a
significant negative correlation. The higher the
CTA, the worse the test accuracy. A possible
explanation for that could be the fact that anx-
iety becomes maladaptive above a certain
level and hence impact the performance in a
negative way. These results align with previ-
ous findings: students with higher levels of
anxiety expected lower grades and further-
more there is a negative correlation between
anxiety and achievement (Horwitz, 2001; Tei-
mouri et al., 2019). The fact that there were
significant results only in the French part also
strengthened the hypotheses regarding the in-
fluence of the preferred language. In this case,
the majority of the participants chose German
as their preferred exam language, so more
anxiety and poorer performance in the French
part had been expected.

Regarding our second hypothesis, we can
conclude that there is an influence of lan-
guage on test accuracy. In general, the results
showed that the participants in the German
part of the Computer Tasks performed better
than in the French part. This can be explained
by the fact that most of the participants chose
German as their preferred exam language.
Consequently, participants find it easier to an-
swer the tasks in the language they favour.
Literature showed that foreign language anxie-
ty is responsible for students' negative emo-
tional reaction to learning a language and
therefore influences their performance when
taking a test in that language (Horwitz et al.,
2001). Further evidence is provided by the so-
lution time. The German part was answered
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faster than the French part. Participants were
also more confident in the German part. The
preference for German language can probably
be attributed to the fact that the study was
conducted on a Luxembourgish sample. In the
Luxembourgish primary school system, all
subjects, apart from French, are taught in
German for six years. (Hu & Wagner, 2020). In
addition, the Luxembourgish language origi-
nated from Germanic, which is why there are
many similarities between German and Lux-
embourgish (Scheer, 2017). Consequently,
this could explain why the German language
is preferred, especially in terms of general
knowledge. In addition, a relationship between
performance and confidence is observed — the
higher the confidence, the better the perfor-
mance. There is a positive significant correla-
tion for both languages. This result is an inter-
esting finding, as it strengthens the two
confirmed hypotheses. In the German part,
confidence was higher, and the performance
also proved to be better. In the French part,
confidence and performance were lower. This
could be connected to reasons of anxiety, the
higher the anxiety the lower the performance
and the lower the performance, the lower the
confidence.

Additionally, the results showed that there is a
positive correlation between trait-anxiety and
the test performance in the German condition.
A possible explanation for these findings could
be the fact, that for people that are more anx-
ious on a general level (trait anxiety), cognitive
test anxiety plays a smaller role when the lan-
guage of instruction is German (since it's the
predominantly preferred language in this
study). Concerning French language of in-
struction, the trait anxiety has less impact and
cognitive test anxiety is more dominant (this
might be because it is not the mainly preferred
language).

Considering these results, we can conclude
that Cognitive Test Anxiety has a negative in-
fluence on the performance, especially when
the instructions are in a non-preferred lan-
guage of instruction.

Since Cronbach's alpha of the study was high,
we can assume a high reliability. Regarding
the ecological validity and reasonability, it can

affirm that it was not too time-consuming for
the study participants. After the completion of
the session, each participant received a com-
pensation voucher. Due to the division into
two sessions, within the break lasting maxi-
mum one hour, effects of fatigue or stress can
be ruled out. Furthermore, it can be stated on
the part of the investigators that the creation of
the study, as well as the execution, was very
quick and easy. In addition, the objective exe-
cution and the precise scheduling made it
possible to divide the testing between many
different investigators. Since it was resolved
after the study what the content was and what
the intentions of the individual measurements
were, a high level of transparency can also be
established. The usefulness is explained in
more detail in the outlook.

The testing of several participants at the same
time could have a further influence on anxiety.
In the test situations where more participants
were tested at the same time, they gave the
feedback that it led to a direct competition be-
tween them, which leads to more pressure in
general. Also trying to be faster than the other
test taker or to keep up with them, could in this
case have an influence on the accuracy, as it
can lead to tasks or questionnaire items being
read less thoroughly.
In general, one needs to consider that anxiety
may also be triggered by several other factors,
which could not be included in this study.

Limitations

To sufficiently test the effect of cognitive test
anxiety, it is very important to create a stress-
ful environment for participants. Due to a lim-
ited number of space and testers, we only
tested one to three people at the same time,
which already put mild pressure on the partici-
pant. The presence of other people during a
test can increase anxiety levels because it
creates an exam-like atmosphere. While com-
pleting a task in presence of other partici-
pants, participants’ anxiety levels can get trig-
gered by thinking about how others will
perform in the task, instead of focusing on the
test. In reality when you are taking an exam,
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you are nearly never alone in the room, so for
our study it would also have been very inter-
esting to create an even more exam-like at-
mosphere, and to test many more participants
at a time to trigger the full amount of anxiety.

Not only could the presence of other partici-
pants during testing have had an influence on
the anxiety, but also the presence of the ex-
perimenter. But since in this study, many par-
ticipants were known to the experimenters (as
they were friends or family members), anxiety
could have decreased. Even though every ex-
perimenter tried to be as objective as possible,
interpersonal interactions and emotions, which
may have created a more comfortable and
anxiety-reducing atmosphere, could not com-
pletely be avoided.

Another major point is that we could not use
the exact same task set in both languages, so
there was a slightly different set of tasks in the
German part compared to the French part. It is
very complicated to match the level of difficulty
of two different tasks perfectly. The fact that
the German computer task has a better result
than the French, can be due to the fact that
the German tasks were slightly easier than the
French ones. Furthermore, the fact, that Lux-
embourgish students are generally very fluent
in French and in German, needs to be consid-
ered regarding the results. For future studies
in this field, it would be very important to fur-
ther examine the effect of language on anxie-
ty. It is also necessary to have a bigger vari-
ance in participants’ language proficiency,
because in our study most of the people
claimed German to be their preferred lan-
guage, which could also have had an influ-
ence on the better outcome in the German
part.

For future studies of this type, it would be very
interesting to test anxiety levels of participants
by measuring cortisol.

Educational implications

There are many different contexts in our eve-
ryday life in which we are exposed to testing
situations and where a good performance is

expected: for example, at school, university or
later in working life. Exams/tests are used to
find out how well a person has mastered a
certain subject or whether he or she is quali-
fied enough to do a certain job. Therefore,
performance has an influence on the further
path of life or course of one's career and thus
can be very decisive (Zheng & Cheng, 2018).
However, the shown performance during a
test does not always reflect the actual or exact
level of knowledge/qualifications of a person.
Performance can also be influenced by other
factors, as the study results show. In particu-
lar, our data implies that the language of in-
struction has an influence on performance.
The results of the tasks, which were pro-
cessed in the preferred language of the re-
spective participants, proved to be better in
comparison to the tasks with the non-preferred
language. Regarding anxiety, there were sig-
nificant results in the French part. A negative
correlation between the participant’s perfor-
mance and anxiety is shown: High anxiety cor-
relates with poorer performance. These results
imply that anxiety has a negative impact on
performance. Confidence also correlates posi-
tively with test performance: a high level of
confidence correlates with a better perfor-
mance. These findings suggest that other fac-
tors, not only the level of knowledge, have an
influence on performance. Therefore, it is not
always fair to conclude from the performance
of a test only on the level of knowledge or
qualifications of a person.

Since every person (especially young people)
is repeatedly confronted with exam situations
in everyday life, it is important to draw atten-
tion to these other factors that can have an
impact on the performance. Both sides should
be made aware of this: the examiner and the
person being examined. The person tested
may get a better ability to handle a poorer per-
formance by being aware of these additional
influences on performance, since it is clear
that the test does not necessarily reflect the
actual level of knowledge. On the examiners
side, work can be done to minimize the influ-
ences of these factors on performance. For
example, the language of examination could
be chosen by the person being tested (unless
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the exam is intended to measure language
proficiency). Especially in multilingual coun-
tries such as Luxembourg, this could be use-
ful. The Luxembourgish school system regu-
larly is based on two languages: German and
French. Even though most Luxembourgish
people are capable of speaking both lan-
guages fluently, they usually have one pre-
ferred language. A test in the chosen and pre-
ferred language, could lead to a better
performance. In order to reduce anxiety, re-
laxation exercises could be carried out before
the test. Generally, an atmosphere, in which
the person being tested feels comfortable and
safe, could be created. Thus, a high level of
anxiety during the test could be avoided, and
this could lead to a better performance.

To summarize, we can affirm that the quality
of performance in testing situations depends
on several factors and does not necessarily
reflect the actual knowledge of a person. The
results of this study support this: A significant
negative correlation was found between cogni-
tive test anxiety and performance. The higher
the cognitive test anxiety, the worse the per-
formance (only significant for the French part).
In addition, the study participants performed
better in the German part. Since the predomi-
nantly preferred language of the participants
was German, this finding supports that the in-
structional language also plays a role. Being
tested in one's preferred language may have a
positive effect on performance. These findings
should be considered and included in all set-
tings where testing performance occurs. It
would be desirable to take actions in order to
reduce influencing factors such as anxiety and
the language of instruction, so that at some
point, performance will be more in line with the
actual knowledge of a person.
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In educational context students’ abilities are measured by their performance. However, their perfor-
mance might not always be a true representation of their abilities as it is influenced by multiple fac-
tors, including language of instruction, which seems to influence the math performance through read-
ing comprehension. Additionally, worse understanding of instructional language might also increase
Math Anxiety, which in turn might influence math performance.

This study aims to take a deeper look into the relation between language, math, and anxiety from the
perspective of a multilingual country such as Luxembourg, where students are taught math first in
German and then in French.

In order to obtain the data, 53 participants aged between 19 and 34 (M = 22, SD = 3.4) filled in the
State-Trait Anxiety Inventory (STAI) and an originally composed Math Anxiety Questionnaire. They
had to solve basic arithmetic problems (TTR) and solve problems from a language-based math per-
formance test. Furthermore, this study was divided into two sessions for which language was coun-
terbalanced.

We hypothesized that Math Anxiety would have an influence on math performance (Hypothesis 1)
and that participants who report lower proficiency in the instructional language would also report
higher Math Anxiety (Hypothesis 2) and would achieve lower results in the language-based math
performance test (Hypothesis 3).

While we did observe evidence for our first hypothesis, we did not find any support for the effect of
instructional language on performance or on Math Anxiety. When focusing on participants who prefer
French as instructional language, we did however find that they showed less Math Anxiety when
solving French math problems. Our results also hint towards the specificity of Math Anxiety, and they
show a speed-accuracy trade-off pattern.

Starting with the language factor, research
has shown that there is a relationship between
language of instruction and performance. A
study investigating the relationship between

Introduction

Many people were at some point in their life in
school, university, or some other educational
setting. But how is it that some finished this
part of life better than others? In educational
context students' abilities are mostly meas-
ured by their performance. However, their per-
formance might not always be a true represen-
tation of their abilities, as research has shown
that there are multiple factors which determine
whether a person will perform good or not.
Such factors might be cognitive (e.g., lan-
guage) as well as affective (e.g., anxiety).

English proficiency — with English being the
language of instruction — and students” aca-
demic performance in secondary schools in
Tanzania, found a weak positive relationship
between English language proficiency and ac-
ademic achievement (Wilson et al., 2012) thus
showing that the better the understanding of
the instructional language, the better the stu-
dents perform.

Regarding the anxiety factor, Cognitive Per-
formance Anxiety (CPA) also plays an im-
portant role in performance results. Under
stress, participants performed significantly
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slower during working memory tests, and
those with high CPA, compared to those with
low CPA, performed even slower (Angelidis et
al., 2019), proving that CPA has a negative
impact on the working memory while perform-
ing. The mechanism of CPA might be ex-
plained through attentional control theory. This
theory assumes that the goal-directed atten-
tional system — which is governed by expecta-
tions, knowledge, and current goals — is im-
paired by anxiety and that anxiety increases
the extent to which processing is influenced by
the stimulus-driven attentional system — which
is sensitive to salient stimuli. Thus, anxiety not
only decreases attentional control but also in-
creases attention to threat-related stimuli (Ey-
senck et al., 2007).

Moreover, performance can also be influenced
by both language and anxiety, as language
can induce language anxiety which in turn can
influence performance. Multiple studies have
shown that there is a significant negative cor-
relation between language anxiety and per-
formance (Horwitz, 2001; Teimouri et al.,
2019). This means that students with higher
levels of anxiety have lower levels of
achievement and students with lower levels of
anxiety have higher levels of achievement.
Both Horwitz (2001) and Teimouri et al. (2019)
studied this phenomenon by measuring the
language anxiety of second language learners
and concluded that the effects of anxiety on
student’s performance are stronger in the con-
text of second language learners.

Furthermore, language and anxiety do not on-
ly have an effect on general performance but
more specifically also on math performance.

To study the relation between language and
math performance, existing data of Luxem-
bourgish 3rd graders has been analyzed,
where they had to solve mathematical prob-
lems for which the instructions were written in
German. The analysis showed that native
Luxembourgish speakers performed better in
both math achievement and German reading
comprehension. Thus, showing that there is a
significant negative correlation between read-
ing comprehension in the instruction language

and math achievement, which means that
lower reading comprehension of math instruc-
tion is responsible for lower math achievement
(Greisen et al., 2021). Additionally, research
shows that second language learners have
lower scores in advanced mathematics and
linguistic skills and that there is a correlation
between linguistic skills and math growth
(Kleemans et al., 2020). The study shows that
growth in geometry and fraction skills is direct-
ly predicted by advanced linguistic skills, and
basic linguistic skills indirectly predict growth
in advanced math through arithmetic.

Moreover, there is not only a relation between
language of instruction and math perfor-
mance, but also between math anxiety and
math performance. Research shows that there
is a significant negative correlation between
Math Anxiety and math performance, meaning
that people with high Math Anxiety have low
math performance and vice versa (Barroso et
al., 2021; Silver et al, 2022). In their meta-
analysis from 2021, Barroso and colleagues
investigated the strength of the correlation be-
tween math anxiety and math performance
across studies conducted between 1992 and
2018, and they found an overall small to mod-
erate, negative and statistically significant cor-
relation of (r = - .28). The mechanism of Math
Anxiety might also be explained through atten-
tional control theory. During achievement
tasks in the math context, worry and anxious
thoughts take up limited cognitive resources
(e.g., working memory) that are needed to
complete a math task, which subsequently re-
duces efficiency and accuracy on the task
(Eysenck et al., 2007).

As illustrated above, both language of instruc-
tion and math anxiety have an influence on
math performance. Thus, the question arises if
language of instruction causes language spe-
cific math anxiety which in turn has an influ-
ence on math performance. In a study con-
ducted in the Philippines with pupils who are
taught math and are tested in a language that
is not their first language on one hand, and
pupils who are taught and tested in their na-
tive language on the other hand, researchers
found that there is a significant difference in
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Math Anxiety across language of instruction.
They also found that pupils with high Math
Anxiety have low Math Performance and
those with low Math Anxiety have high Math
Performance (Barcolod-Iglesia et al., 2021).

A lot of research has already been done in the
field of language, math and cognitive anxiety,
however, the relation between them has not
been studied in multilingual samples. This is
why this study aims to take a deeper look into
it from the perspective of a multilingual country
such as Luxembourg, where through their
school career students are taught math first in
German and then from seventh grade on in
French, with only a fraction of students having
one of these languages as their native lan-
guage. The reason why most students do not
have one of these languages as their native
language, is on one hand due to a high per-
centage (around 47.1%) of foreigners who do
not have Luxembourgish nationality and most-
ly do not speak Luxembourgish with their chil-
dren at home. On the other hand, it is due to
children with Luxembourgish nationality who
speak Luxembourgish or a different language
at home, because their parents have Luxem-
bourgish or a different nationality. The result of
this is that for example most French speaking
children prefer French and have problems with
German at school, and children with other na-
tionalities such as Luxembourgish or German
prefer German and have more problems with
French at school. Additionally, we can say that
the mastering of languages is kind of expected
from children who grow up in Luxembourg due
to the fact that Luxembourg has three official
languages; Luxembourgish, French, and
German. With a large part of the population
speaking more than one language and having
contact during the Luxembourgish school cur-
riculum with at least 4 different languages -
Luxembourgish, German, French and English
- studying this relationship is important, as it
influences the climate in classrooms and the
results of students' performance tests, which
in turn can influence their future career path-
ways.

To integrate and analyze all these different
findings in our study, we want to test the fol-
lowing three hypotheses.

Our first hypothesis states that Math Anxiety
has an influence on math performance. In or-
der to test this hypothesis, we will compare
how participants perform in an originally com-
posed language-based math performance test
in relation to their score on a Math Anxiety
scale. We would expect participants with a
higher Math Anxiety to perform significantly
worse in the math performance test than par-
ticipants with a lower Math Anxiety.

The second hypothesis we want to test says
that people who report worse proficiency in
the instructional language report higher levels
of Math Anxiety. In order to test this hypothe-
sis, we will compare participants” self-
indicated level of understanding of the instruc-
tional language in relation to their score on a
Math Anxiety scale. We would expect partici-
pants with a lower level of understanding of
the instructional language to score higher on
the Math Anxiety scale than those with a bet-
ter understanding of the instructional lan-
guage.

Our third hypothesis states that people who
report worse proficiency in the instructional
language perform worse in the math perfor-
mance assessment. In order to test this hy-
pothesis, we will compare how participants
perform in the language-based math perfor-
mance test in relation to their self-indicated
level of understanding of the instructional lan-
guage. We would expect participants with a
lower level of understanding of the instruction-
al language to perform significantly worse in
the math performance test than participants
with a higher level of understanding of the in-
structional language.

Method

Participants

Participants were recruited as part of the ex-
perimental practicum course via university’s
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chat groups, email, and social media plat-
forms. Before the recruitment phase, the tar-
get sample size was fixed at 80 to 100 partici-
pants. The final number of participants being
part of the study was (N = 61), although 4 par-
ticipants could not take part because of per-
sonal reasons or because the criteria of the
participants were not met. The actual sample
included usable data of 53 participants who
were between 19 and 34 years old (Mage =
22, SD = 3.4 years). Out of those, 14 identified
their birth sex as male (26.4%) and 38 partici-
pants marked their birth sex as female
(71.7%). One person did not respond to the
question. The study’s experimental proce-
dures and methods were approved by the eth-
ical review panel at UL. Prior to participation,
written informed consent was obtained. During
the testing the participants were compensated
with 20-euro vouchers and/or 2 hours or
course credits.

Educational and Occupational profile
The educational and occupational profile of
the participants entails that most participants
were university students, out of which 52.8%
work or study in the field of psychology (N =
28). Other included study or work fields are In-
formation Technology, reported by 9.4% of
participants (N = 5), Medicine, which is repre-
sented by 7.5% of participants (N = 4), and
Education, which 5.7% of participants (N = 3)
noted as their primary study or work field. Fur-
thermore, other participants are studying or
working in the field of Law (N = 2), German
Studies (N = 2), and Economics (N = 2), with
each field being represented by 3.8% of the
sample. Finally, there is one participant, rep-
resenting 1,9% of the sample, each, who stud-
ies or works in the field of History (N = 1),
Graphic Design (N = 1), Ergotherapy (N = 1),
Social Sciences (N = 1), Physics (N = 1),
Mathematics (N = 1), and Engineering (N = 1).
Despite our best efforts to include a population
as diverse as possible, the majority of the
sample are psychology undergraduates. While
this may have introduced an unintended sam-
pling bias, it is not much different than the rest
of the experimental psychology studies.

Linguistic profile

Regarding the native language, the most
commonly reported is Luxembourgish, with
49% speaking it with their father (N = 26) and
52.8% with their mother (N = 28). The second
most common native language is French, with
13.2% speaking it with their father (N =7) and
15.1% with their mother (N = 8). There are al-
so participants having a south Slavic native
language, for example 7.5% speak Bosnian
with their father (N = 4) and 5.7% with their
mother (N = 3), and 5.7% speak with both of
their parents Serbo-Croatian (N = 3). Other
native languages reported are German, with
7.5% speaking it with their father (N = 4) and
7.5% with their mother (N = 4). Additionally,
5.7% of the participants speak Chinese with
both of their parents (N = 3), 7.5% speak Por-
tuguese with their father (N = 4) and 5.7% with
their mother (N = 3), 3.8 % of the participants
speak Italian with their father (N = 2) and 1.9%
with their mother (N = 1), and 1.9% of the par-
ticipants speak Spanish (N = 1), Tamil (N = 1)
or Lingala (N = 1) with both of their parents.
Several participants mentioned more than one
language. In sum, the language profile report-
ed by the participants reveal a typical pattern
for the diverse Luxembourgish population,
with all the different native language constella-
tions.

Subjective proficiency

When asked how they would rate their profi-
ciency in German, the average of the partici-
pants was (M = 3.98, SD = 0.6) on a five-tier-
scale, so a scale which goes from 1 to 5.
While one participant rated themselves as in-
termediate (N = 1), 17% of participants rated
themselves as advanced (N =9) and 62.3% of
participants credited themselves with full profi-
ciency (N =33). Furthermore, 18.9% of the
participants reported native level proficiency
(N =10).

For their proficiency in French, the average of
all the participants is (M = 3.4, SD = 0.9) on
the five-tier-scale. Overall, 11.3% rated them-
selves as intermediate (N = 6), while 56.6% of
participants rated themselves as advanced (N
= 30), and 15.1% of the participants credited
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themselves with full proficiency (N = 8). Fur-
thermore, 17% reported native level proficien-
cy (N=9).

Finally, asked for the language in which they
prefer to take math exams, 56.6% of all partic-
ipants reported to prefer French (N = 30),
26.4% reported to prefer German (N = 14),
while 15.1% participants prefer either English
or a combination of the three languages (N =
8), and 1.9% reported to prefer Serbo-
Croatian (N = 1).

Design

The study consisted of two sessions for the
same sample, also known as a within-sample
design. In our study, we want to explore the
relationship between the instructional Ilan-
guage of the math problems as an independ-
ent variable, and the math performance shown
by solving the math problems as the depend-
ent variable. The language used in the as-
sessment and the instructions was counter-
balanced, meaning that the assessment and
instructions were in German during one part of
the study, and in French during the other part
of the study. Overall, 47% of the participants
started with French in the first session and
50.9% of participants started with German in
the first session. For one participant, this in-
formation was missing.

Materials and Procedure

We collected personal, demographic (e.g.,
age, birth sex, mother/father tongue) and
emotional-related data (State Anxiety, Trait
Anxiety, Math Anxiety, Cognitive Performance
Anxiety) by letting the participants fill out one
general questionnaire and a Trait Anxiety
questionnaire in the first session and three
anxiety-related questionnaires (State Anxiety,
Math Anxiety, and Cognitive Performance
Anxiety) per session, as well as data about
their performance in two language-based
math performance tests. Participants needed
to be schooled within the Luxembourgish
school system for at least five years during
primary and secondary school. They had to
understand written German and French at

least on a B2-level. Participants were exclud-
ed if they had learning difficulties (e.g., dyslex-
ia, dyscalculia), mood disorders (e.g., anxiety,
depression), attention disorders (e.g., ADD,
ADHD), or were taking stress reducing or
tranquillizing medication, i.e., medication that
might affect their attention. They also had to
have normal or corrected-to-normal vision.
Regarding the regulations for gender, ethnici-
ty, or socioeconomic status, there were no
characteristics fixed.

The data collection took place from 1st No-
vember 2022 until 29th November 2022. The
location of the data collection was in three dif-
ferent EEG Labs at the University of Luxem-
bourg in Belval. To make sure that every par-
ticipant was aware of ethical standards, safety
monitoring and the process of the study, they
were informed at least 24 hours in advance of
their first session via email. Participants were
tested in two sessions on two different dates
separated by 3 to 7 days, with an approximate
duration of 30 to 60 minutes per session. Dur-
ing the first data assessment session, partici-
pants were presented with an information
sheet in English about what to expect in the
study and their informed consent was ob-
tained. After that, participants were asked to
fill out questionnaires assessing demographic
information, such as their biological sex and
their age, possible medical conditions, as well
as their perceived language proficiency in
French, German, and English, and their lan-
guage preferences, meaning what language
they prefer to speak with their mother or fa-
ther, which language they prefer for general
exams, and which one they prefer for math
exams. They were also asked to list all the
languages they speak.

After completing the general questionnaire,
they also filled out the State-Trait-Anxiety In-
ventory (STAI-Y, Spielberger, 1983), an in-
strument to measure State and Trait Anxiety in
two scales, with 20 items each (e.g., ‘I feel
nervous.”, “l am jittery.”). State Anxiety is
hereby defined as the current, passing emo-
tional state and experience of anxiety while
Trait Anxiety describes the stable, general
personality characteristics of anxiety. The Trait
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Anxiety part of the STAI was administered pri-
or to each session to make sure that the par-
ticipants' anxiety levels were the same across
both sessions, and the order of the items was
randomized across sessions. The average
score on each corresponding scale was used
as a measurement of their State Anxiety in the
first and second session and their Trait Anxie-

ty.

After this, the TTR (De Vos, T., 1992. Tempo
Test Rekenen. Arithmetic Number Fact Test.)
was administered, where the participants had
to solve different simple math problems in the
categories “Addition”, “Subtraction”, “Division”,
“‘Multiplication” and “Mixed”. For each catego-
ry, they had one minute to solve as many
problems as they could. The researchers
stopped the time for the participants and in-
structed them when to start, when to stop, and
when to turn to the next page of the TTR.

The next part was identical for both sessions.
The participants did the language-based math
performance test on the computer in German
or French. First, they were presented with a
practice problem and after completing that
one, they were presented with six math prob-
lems. The experiment was self-paced, but they
had a maximum of 25 minutes to solve as
many problems as they could. The math prob-
lems included both arithmetic and geometry
problems taken from real math exams. Fur-
thermore, their accuracy as well as the time it
took them to solve each problem were meas-
ured. After every problem, participants were
presented with a question asking how confi-
dent they were that the answer they just gave
was actually correct on a scale from 1 to 6,
ranging from ‘certainly wrong’ to ‘certainly cor-
rect’.

After the math assessment was finished, par-
ticipants were asked in the same instructional
language as the language-based math per-
formance test (i.e., French or German) to fill
out a six-tier-scaled questionnaire, expressing
their dis-/agreement with several statements
to measure their Math Anxiety. The question-
naire was composed originally and included
novel items, though it was based on items

from other, previously validated tools, such as
the Abbreviated Math Anxiety Scale (Hopko et
al.,, 2003); Math Anxiety Scale (Carey et al.,
2017); Children’s Anxiety in Math Scale
(Jameson, 2013); the motivation questionnaire
from the national school monitoring in Luxem-
bourg (Ugen et al., 2013). The average score
of participants was used to assess their Math
Anxiety. After finishing the first part of the
study, participants received their first ten euro
voucher.

During the second data assessment session,
participants again filled out the State Anxiety
Questionnaire before doing the math perfor-
mance test and then filled out the Math Anxie-
ty Questionnaire again. The TTR and the Trait
Anxiety were not administered for the second
part. The difference was that the language-
based math performance test and the Math
Anxiety Questionnaire were in the other lan-
guage — German if the first part was in French,
and French if the first part was in German.
Additionally, the order of the Math Anxiety
items was randomized across sessions. The
duration of the language-based math perfor-
mance test was the same.

After participants finished their second ses-
sion, they received their second ten euro
voucher. They were also debriefed and were
able to ask questions if there were some left
unanswered.
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Results

Descriptive Data

Table 1: Internal consistency of the Math
Anxiety Questionnaires

Estimate Cronbach's a for Cronbach's a

the German for the French
Math Anxiety =~ Math Anxiety
Questionnaire  Questionnaire
Point 0.89 0.91
estimate
95%CI
lower 0.84 0.87
bound
95% CI
upper 0.92 0.94
bound

Note. This table shows the internal consistency of
the Math Anxiety Questionnaires, which was
checked with Cronbach's a, as well as the lower
and upper limit of the estimated confidence inter-
vals. Both Questionnaires, in German and in
French, had high internal consistency and there-
fore can be assumed to have a high reliability.

Table 2: Proficiency in German, French and Eng-

lish
DE FR ENG
Mean 3.98 3.37 3.35
(0.67) (0.90) (0.76)
Minimum 2.00 2.00 2.00
Maximum 5.00 5.00 5.00

Note. This table shows the mean of the self-
indicated proficiency in German (DE), French (FR)
and English (ENG) of the whole sample, as well as
the standard deviation in brackets. It also shows
the minimum and maximum proficiency indicated
by participants on the five-tier scale.

Table 3: Differences in State Anxiety and
Trait Anxiety in Different Language
Conditions

State Anxiety in the Trait
15t session 2" session Anxiety

DE FR DE FR DE FR

Mean2.27 227 223 222 236 235
(0.23)(0.18) (0.24) (0.19 (0.26) (0.22)

Minim1.700 1.950 1.600 1.800 1.850 1.800
um

Maxi 2.650 2.550 2.650 2.600 2.850 2.750
mum

Note. This table shows the average of the meas-
ured anxiety values, split by language condition of
each anxiety measurement. State Anxiety was
measured twice, once in each session. Trait anxie-
ty was measured only once, in the first session.
This table also shows the standard deviation of the
average anxiety value in brackets and the mini-
mum and maximum anxiety value indicated by the
participants.

Table 4: Results of the Language-Based
Math Performance Test

Percentage of Solution time of

solved the language-
problems in thebased
language- performance
based test
performance

test

DE FR DE FR

Mean 054 053 64.90 102.30
(0.25) (0.26) (26.02) (43.98)

Minimum 0.00 0.00 11.11 35.30

Maximum 1.00 1.00 132.18 192.52

Note. This table shows the average percentage of
correct answers in the language-based math per-
formance test, split by language condition, as well
as the time taken to solve the math problems. It al-
so shows standard deviation in brackets and the
achieved minimum and maximum of both correct
answers and seconds taken to solve the math
problems.

Table 5: Results of the Math Confidence
Rating

Confidence Response time of
with the the math
previous confidence test
solution
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DE FR DE FR

Mean 444 402 6490 10230
(1.09) (1.10) (26.02) (43.99)
Minimum 1.830 1.830 11.110 35.300

Maximum 6.000 6.000 132.18 192.52

Note. This table shows the average value given by
participants in response to the confidence question
after every problem of the language-based math
performance test and the time taken to answer the
question split by language condition. It also shows
standard deviation in brackets for both variables
and the indicated minimum and maximum confi-
dence with given answers as well as the minimum
and maximum response time.

TTR

For the TTR, participants could achieve 40
points per section, meaning a minimum of ze-
ro points if they did not solve any problems at
all and a maximum of 200 points if they solved
every problem correctly. In our study, partici-
pants scored a mean of M = 139.89 (SD =
27.34) with minimum of 76 points and maxi-
mum of 197 points.

Hypothesis Testing

To test our first hypothesis regarding the influ-
ence of Math Anxiety on math performance,
we conducted a correlation analysis between
Trait Anxiety, Math Anxiety for both German
and French, and math test accuracy. The
math test accuracy was generated from the
data of the language-based math performance
test and indicates how accurately the partici-
pant responded to the math questions during
the language-based math performance test.
We found a significant positive correlation be-
tween German Math Anxiety and French Math
Anxiety (r = 0.765, p < 0.001). For the German
Math Anxiety and math test accuracy we
found a significant negative correlation of (r = -
0.488, p <0.001) as shown in Figure 1 and for
the French Math Anxiety and math test accu-
racy the correlation was significantly negative
(r=-0.375, p = 0.007), as shown in Figure 2.
This shows that the higher the Math Anxiety,
the lower the test accuracy. For the trait anxie-
ty however, we found no significant correlation

with neither the Math Anxiety, nor the math
performance.

Figure 1: Correlation Analysis between German
Math Anxiety and German Math Test Accuracy

Figure 2: Correlation Analysis between French
Math Anxiety and French Math Test Accuracy

For the second hypothesis, which states that
participants who report worse proficiency in
the instructional language report higher levels
of Math Anxiety, we conducted a correlation
analysis between instructional language and
Math Anxiety. The correlation analysis shows
that there is no significant relationship be-
tween the reported understanding of the in-
structional language and the reported Math
Anxiety levels, neither for German nor for
French. Accordingly, we did not find any signif-
icant results that support our second hypothe-
sis.

For the third hypothesis, which states that par-
ticipants perform lower in the math perfor-
mance assessment when they report worse
proficiency in the instructional language, we
did not find any significant results. The second
hypothesis already investigated the relation
between math performance and math anxiety,
whereas this hypothesis analyzes the relation
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between math performance and language of
instruction. We conducted a correlation analy-
sis between instructional language and math
performance. The correlation analysis shows
that there is neither a significant relationship
between the self-indicated categories of lan-
guage level in French and the math perfor-
mance, nor between the self-indicated catego-
ries of language level in German and the math
performance. Accordingly, we did not find any
significant results that support our third hy-
pothesis, either.

Further Exploratory Analyses

THE RELATIONSHIP BETWEEN LANGUAGE
PREFERENCE, MATH ANXIETY AND MATH
TEST ACCURACY

We wanted to observe whether the testing
language preferences may have an effect on
the math achievement. Therefore, we divided
our sample into people who prefer French as
the language of instruction for math exams
(N= 36) and into people who prefer German
as the language of instruction for math exams
(N=17). Participants could and did mention
several languages.

First, we conducted an independent samples
t-test, comparing the French Math Anxiety,
German Math Anxiety, and math test accuracy
of participants who prefer French as language
of instruction for math exams with participants
who prefer a different language for math ex-
ams. This test shows that the French Math
Anxiety of participants who prefer to do math
exams in French (M = 2.54, SD = 0.78) is sig-
nificantly lower than it is for those who prefer
to do math exams in a different language (M =
2.99, SD = 0.58), {(49) = 2.07, p = 0.04.

For the German Math Anxiety and the math
test accuracy however, there are no significant
differences between the participants who pre-
fer French for math exams and participants
who prefer a different language.

Additionally, we also conducted an independ-
ent sample t-test, comparing the French Math
Anxiety, German Math Anxiety, and math test

accuracy of participants who prefer German
as language of instruction for math exams with
participants who prefer a different language
for math exams. This test shows no significant
differences at all.

EXAMINING LANGUAGE-RELATED DIFFER-
ENCES IN MATH PERFORMANCE AND MATH
ANXIETY

We also conducted a paired samples t-test for
Math Anxiety, math test accuracy, math test
solution time, math confidence response, and
math confidence solution time, for both in-
structional languages, German and French,
showing that the math test solution time for
the German version (M = 64.90, SD = 26.02)
is significantly lower than the one for the
French version (M = 102.30, SD = 43.98),
{(52) = - 6.85, p <0.001.

Additionally, the conducted t-test shows that
the math confidence response for the German
version (M = 4.44, SD = 1.09) is significantly
higher than the one for the French version (M
=4.03, SD = 1.10), {(52) = 4.35, p <0.001.

THE RELATIONSHIP BETWEEN INSTRUCTIONAL
LANGUAGE, MATH ANXIETY, MATH PERFOR-
MANCE, AND CONFIDENCE

Beyond our hypotheses we did further data
analyses to investigate the relationship be-
tween instructional language, Math Anxiety,
math performance, and confidence. We con-
ducted a correlation analysis between Math
Anxiety, math test accuracy, math test solution
time, math confidence response, and math
confidence solution time in both German and
French. The math test solution time specifies
the time that the participant needed to answer
the math question. The data from the math
confidence response indicates how sure the
participants were whether their answer to the
math question was correct or not. Regarding
the math confidence solution time, this shows
how quick participants responded to the math
confidence question.
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THE RELATIONSHIP BETWEEN GERMAN IN-
STRUCTIONAL LANGUAGE, MATH ANXIETY,
MATH CONFIDENCE AND MATH TEST ACCU-
RACY.

THE RELATIONSHIP BETWEEN MATH ANXIETY
AND MATH CONFIDENCE RESPONSE. The sig-
nificant negative correlation between Math
Anxiety and math confidence response (r = -
0.59, p < 0.001) shown in Figure 3 indicates
that the higher the Math Anxiety, the less sure
the participants were that they answered cor-
rectly.

Figure 3: Correlation Analysis between Math Anx-
iety and Math Confidence Response

THE RELATIONSHIP BETWEEN MATH ANXIETY
AND MATH TEST SOLUTION TIME. We also
found a significant negative correlation be-
tween Math Anxiety and math test solution
time (r = - 0.32, p = 0.02) shown in Figure 4.
These results show that the higher the Math
Anxiety, the faster the participants answered.
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Figure 4: Correlation Analysis between Math Anx-
iety and Math Test Solution Time

THE RELATIONSHIP BETWEEN MATH TEST
ACCURACY AND MATH TEST SOLUTION TIME.

As can be seen in Figure 5, there is a signifi-
cant positive correlation between the math test
accuracy and math test solution time (r = 0.30,
p = 0.03), indicating that the higher the test
accuracy, the longer participants needed to
answer the math questions.
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Figure 5: Correlation Analysis between Math Test
Accuracy and Math Test Solution Time

THE RELATIONSHIP BETWEEN MATH TEST
ACCURACY AND MATH CONFIDENCE RE-
SPONSE. Finally, there is a significant positive
correlation between math test accuracy and
math confidence response (r = 0.63, p <
0.001), showing that the higher the test accu-
racy, the more sure the participants were that
they answered correctly.

THE RELATIONSHIP BETWEEN FRENCH IN-
STRUCTIONAL LANGUAGE, MATH ANXIETY,
MATH CONFIDENCE AND MATH TEST ACCU-
RACY.

THE RELATIONSHIP BETWEEN MATH ANXIETY
AND MATH CONFIDENCE RESPONSE . The sig-
nificant negative correlation between Math
Anxiety and math confidence response (r = -
0.56, p < 0.001) depicted in Figure 6, shows
that the higher the Math Anxiety, the less sure
the participants were that they answered cor-
rectly.
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Figure 6: Correlation Analysis between Math Anx-
iety and Math Confidence Response

THE RELATIONSHIP BETWEEN MATH ANXIETY
AND MATH TEST SOLUTION TIME. Between the
Math Anxiety and math test solution time is a
significant negative correlation of (r=-0.31, p
= 0.03), shown in Figure 7, meaning that the
higher the Math Anxiety, the faster the partici-
pants answered.

Figure 7: Correlation Analysis between Math Anx-
iety and Math Test Solution Time

THE RELATIONSHIP BETWEEN MATH TEST
ACCURACY AND MATH TEST SOLUTION TIME.
For the variables math test accuracy and math
test solution time we found a significant posi-
tive correlation of (r = 0.43, p = 0.001) depict-
ed in Figure 8, meaning the higher the test ac-
curacy, the higher the test solution time.
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Figure 8: Correlation Analysis between Math Test
Accuracy and Math Test Solution Time

THE RELATIONSHIP BETWEEN MATH TEST
ACCURACY AND MATH CONFIDENCE RE-
SPONSE. The significant positive correlation be-
tween math test accuracy and math confi-
dence response (r = 0.53, p <0.001) indicates
that the higher the test accuracy, the surer the
participants were that they answered correct-

ly.

THE RELATIONSHIP BETWEEN MATH ANXIETY
AND MATH CONFIDENCE SOLUTION TIME. One
result that is different from the German analy-
sis is that for the French analysis we found a
significant positive correlation between Math
Anxiety and math confidence solution time (r =
0.35, p = 0.013), indicating that the higher the
test anxiety, the longer the participants took to
report how sure they were that they answered
correctly. This correlation was not significant in
the German condition. Figure 9 depicts the
significant correlation for the French Math
Anxiety and confidence.

Figure 9: Correlation Analysis between Math Anx-
iety and Math Confidence Solution Time
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THE RELATIONSHIP BETWEEN THE TTR,
TRAIT ANXIETY, AND THE MATH ANXIETY IN
GERMAN AND FRENCH TEST CONDITIONS.
Since the language-based math performance
test required more cognitive resources as it
required procedural operations and
knowledge, we wanted to examine whether
Math Anxiety is related to math performance
or to more automated math knowledge, which
is typically used in the literature (i.e., the TTR).
Therefore, we conducted a correlation analy-
sis between TTR, Math Anxiety in both Ger-
man and French, and trait anxiety. We found a
significant negative correlation between the
TTR and the German Math Anxiety (r = -
0.507, p < 0.001) and a significant negative
correlation between the TTR and the French
Math Anxiety (r = - 0.506, p < 0.001), which
means that the higher the reported Math Anxi-
ety, the lower the participants scored in the
TTR.

For the trait anxiety we found no significant
correlations with the TTR or with the Math
Anxiety.

Figure 10 depicts the correlation between the
TTR and the German Math Anxiety and Figure
11 shows the correlation between the TTR
and the French Math Anxiety.

Figure 10: Correlation Analysis between TTR and
German Math Anxiety

Figure 11: Correlation Analysis between TTR and
French Math Anxiety

Summary of the Results

For our first hypothesis we found a significant
positive correlation between German Math
Anxiety and French Math Anxiety (r = 0.765, p
< 0.001). For the German Math Anxiety and
math test accuracy we found a significant
negative correlation of (r = - 0.488, p < 0.001)
and for the French Math Anxiety and math test
accuracy the correlation was significantly neg-
ative (r = - 0.375, p = 0.007).

For both the second and the third hypothesis
we did not find any significant results. With an
independent t-test we found that French Math
Anxiety of participants who prefer to do math
exams in French (M = 2.54, SD = 0.78) is sig-
nificantly lower than it is for those who prefer
to do math exams in a different language,
{(49) = 2.07, p = 0.04. We did not find a signifi-
cant equivalent in the German preferring sam-
ple.

The paired samples t-tests show that the
math test solution time for the German version
(M =64.90, SD = 26.02) is significantly lower
than the one for the French version (M =
102.30, SD = 43.98), {(52) = - 6.85, p < 0.001,
and that the math confidence response for the
German version (M = 4.44, SD = 1.09) is sig-
nificantly higher than the one for the French
version (M = 4.03, SD = 1.10), t(52) = 4.35, p
<0.001.

For the instructional language German, the
correlation analyses show a significant nega-
tive correlation between Math Anxiety and
math test accuracy (r = - 0.49, p < 0.001), a
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significant negative correlation between Math
Anxiety and math confidence response (r = -
0.59, p <0.001) and a significant negative cor-
relation between Math Anxiety and math test
solution time (r = - 0.32, p = 0.02). Additional-
ly, they show a significant positive correlation
between math test accuracy and math test so-
lution time (r = 0.30, p = 0.03) and a significant
positive correlation between math test accura-
cy and math confidence response (r = 0.63, p
<0.001).

For the instructional language French, the cor-
relation analyses show a significant negative
correlation between Math Anxiety and math
test accuracy (r = - 0.38, p = 0.007), a signifi-
cant negative correlation between Math Anxie-
ty and math confidence response (r = - 0.56, p
< 0.001) and a significant negative correlation
between the Math Anxiety and math test solu-
tion time (r = - 0.31, p = 0.03). Additionally,
they show a significant positive correlation be-
tween math test accuracy and math test solu-
tion time (r = 0.43, p = 0.001), a significant
positive correlation between math test accura-
cy and math confidence response (r = 0.53, p
< 0.001) and a significant positive correlation
between Math Anxiety and math confidence
solution time (r = 0.35, p = 0.013).

Finally, between the TTR and the German
Math Anxiety we found a significant negative
correlation (r = - 0.507, p < 0.001) and be-
tween the TTR and the French Math Anxiety a
significant negative correlation (r = - 0.506, p <
0.001). For trait anxiety we found no signifi-
cant correlations with the TTR or with the Math
Anxiety.

Discussion
Hypothesis Testing

The results for our first hypothesis for which
we found a significant positive correlation be-
tween German Math Anxiety and French Math
Anxiety were expected because the Math Anx-
iety questionnaires are standardized and are
supposed to be correlated. We can also say,
for both German and French, that participants

who reported higher Math Anxiety performed
worse in the math performance test than those
who reported lower Math Anxiety. Additionally,
for both German and French, the Trait Anxiety
has no significant influence on the Math Anx-
iety or the math test performance. These re-
sults support our first hypothesis and are in
line with previous studies (e.g., Barroso et al.,
2021; Silver et al, 2022), where it has been
shown that Math Anxiety has a negative influ-
ence on math performance.

For our second hypothesis which states that
people who report worse proficiency in the in-
structional language report higher levels of
Math Anxiety, we do not have any significant
findings that would either support the hypoth-
eses or contradict it, meaning that the results
are inconclusive. Considering that worse profi-
ciency might add another hurdle to solving
math problems and score well in the testing
situation, these results were surprising to us.
But, as we will mention in our limitations as
well, since a lot of our participants reported
advanced to full proficiency in all testing lan-
guages, they might not have had to worry
about understanding at all.

Coming to the third hypothesis which states
that people who report worse proficiency in
the instructional language perform worse in
the math performance assessment, we also
do not have any significant findings that would
either support the hypothesis or contradict it.
Therefore again, we can neither accept the
null hypothesis, nor the alternative hypothesis.
These results also make sense in the light of
our assumption that understanding the instruc-
tions was not a source of worry for the partici-
pants since they could understand both lan-
guages on a sufficient level.

Further Exploratory Analyses

THE RELATIONSHIP BETWEEN LANGUAGE
PREFERENCE, MATH ANXIETY AND MATH
TEST ACCURACY. Since most participants were
schooled in the Luxembourgish School Sys-
tem and should be used to solving math prob-
lems in French, it would be expected that they
show less Math Anxiety and solve more prob-
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lems correctly in the French condition. This
was observed for the French preferring sam-
ple. This shows that there might be an effect
of language on Math Anxiety, but as we sus-
pect, this effect might exist for other lan-
guages, but we did not find it because our
sample consists mainly of people who prefer
French as language of instruction for Math ex-
ams. Nevertheless, participants took generally
longer to solve the problems in French. This
mechanism might be unique to multilingually
educated samples and has not been explored
before. Additionally, it does seem logical that
focusing on only one area of difficulty might
lower the anxiety surrounding solving a set of
problems, when people who are being tested
do not have to think about their language
comprehension and can shift all of their atten-
tion on solving the math problems. Research
has shown that those with high anxiety divide
their attention between the task and rumina-
tions stimulated by high anxiety. Those with
lower anxiety however, devote less of their at-
tention to anxiety related preoccupations and
more of their anxiety to the task, thus perform-
ing better (e.g., Sarason, 1988; Wine, 1971).

EXAMINING LANGUAGE-RELATED  DIFFER-
ENCES IN MATH PERFORMANCE AND ANXIETY.
We found that participants needed longer to
answer the math questions in French, than
they did for the German part. It is possible that
some tasks in the French condition were unin-
tentionally harder than in the German condi-
tion, since math difficulty is quite difficult to
match evenly across different tasks. This
would be supported by participants being
more confident with the answers given in the
German language-based math performance
test. It might also be possible that participants,
even though they were proficient enough in
both languages to understand the problems,
read slower in French than in German.

THE RELATIONSHIP BETWEEN INSTRUCTIONAL
LANGUAGE, MATH ANXIETY, MATH PERFOR-
MANCE, AND CONFIDENCE. Participants who
reported lower Math Anxiety took longer to
answer in the language-based math perfor-
mance test, but also scored higher in the lan-
guage-based math performance test.

Additionally, participants who reported higher
Math Anxiety were faster to answer in the lan-
guage-based math performance test, but also
scored lower in the language-based math per-
formance test. Accordingly, we can say that
the participants who reported higher Math
Anxiety, were faster in the language-based
math performance test, indicating a speed-
accuracy trade-off. This could be because par-
ticipants with a high Math Anxiety might be
overwhelmed by the math questions and
therefore might give up more easily without
even really trying to find the correct solution to
the question or might want to leave the un-
comfortable situation. This then might lead to
them just selecting a random answer, which
takes way less time than actually doing calcu-
lations to find the right answer. This behavior
might be explained through attention control
theory, which states that worry and anxious
thoughts take up limited cognitive resources
that are needed to complete an achievement
task, which subsequently reduces accuracy
and efficiency on the task (Eysenck et al.,
2007). Participants who took longer to solve
the math problems on the other hand had
more time to be thorough, which might explain
why they answered more accurately.

In addition, participants who reported higher
Math Anxiety were less sure that they an-
swered correctly in the language-based math
performance test, and participants who were
more confident that they answered correctly in
this test, actually scored higher in this test.

Lastly for this analysis, we can only state for
the French part that participants who reported
higher Math Anxiety needed longer to report
how sure they were that they answered cor-
rectly. For the German part this result was not
significant.

THE RELATIONSHIP BETWEEN THE TTR,
TRAIT ANXIETY, STATE ANXIETY AND THE
MATH ANXIETY IN GERMAN AND FRENCH
TEsT CONDITIONS. We found that the partici-
pants who reported higher Math Anxiety
scored lower in the TTR, irrespectively of the

50



Kuester, Rastoder, Reding, Thill - Too Anxious to Think

language condition of the session in which the
TTR was administered.

Additionally, the correlation between the TTR
and the German Math Anxiety, and the corre-
lation between the TTR and the French Math
Anxiety are nearly equal. As the TTR is not
language-based and is a more automatized
process, we can assume that the Math Anxiety
of the participants is not due to language ef-
fects. Furthermore, we did not find a signifi-
cant correlation between the TTR and Trait
Anxiety, or between Math Anxiety and Trait
Anxiety, probably meaning that Trait Anxiety is
not pivotal to an individual showing Math Anx-
iety. The nonsignificant finding between Math
Anxiety and Trait Anxiety is not in line with the
majority of previous studies that investigated
this relationship and showed a significant posi-
tive correlation between Math Anxiety and
Trait Anxiety (e.g., Betz, 1978; Hembree,
1990; Paechter, 2017; McAuliffe & Trueblood,
1986; Hopko et al., 2003) However, there are
a few studies that also found no significant re-
lationship between Math Anxiety and Trait
Anxiety (e.g., Wu et al., 2012; Klados et al.,
2015; Grezo & Sarmany-Schuller, 2018). Addi-
tionally, our correlation analysis for the results
of the TTR and State Anxiety yielded no signif-
icant results, meaning that there probably was
no influence from either side. This is interest-
ing because, as we showed earlier, there was
a correlation between lower TTR results and
higher Math Anxiety. This difference, as well
as the missing relationship with Trait Anxiety,
might give a hint as to how specific Math Anx-
iety can be. Based on these results, it seems
to be not only a general increase of stress, but
a feeling of anxiety centered completely on the
math problems and it seems that a generally
higher anxiety level might not influence the
accuracy and speed with which participants
solve easy math problems.

Lezmitations and Future Directions

The bias of our sample consisting of mostly
females, mostly students, especially psychol-

ogy students, as mentioned beforehand is typ-
ical for psychological study samples but could
possibly influence the reliability of the ob-
served results. Especially considering the typi-
cality of these biases, future studies could
benefit from bigger samples, in which biases
are easier to filter out. If future studies aim to
derive usable and constructive recommenda-
tions for a broad population, researchers
should make efforts to gather a gender bal-
anced sample that reflects all types of study
fields and education paths in their target popu-
lation, as well as a sample that reflects well
the age structure of the population that is sup-
posed to be examined.

Additionally, students who did not study math
or math-related topics had to rely on memories
to answer some of the questions included in
the Math Anxiety Questionnaire, since espe-
cially older participants did not take a math
exam in (possibly) several years. This differ-
ence between younger and older participants
might also influence their familiarity with the
test topics, as participants who just recently
finished high school might have been more
used to them. However, there were not
enough participants to compare age groups.
Therefore, future studies should either aim to
include more participants from different age
groups or to limit the age criteria even more.

Since we specifically searched for participants
who speak French and German, the actual
(not self-proclaimed) proficiency might not dif-
fer that much between participants. Therefore,
our results are not applicable to a classroom in
which all levels of language proficiency are ex-
istent. One improvement could be made by
adding a short test to assess participants’ lan-
guage skills to assess the actual proficiency
and include participants with vastly differing
skill levels, which in turn might paint a different
picture of the triggered Math Anxiety. This is
important to yielding results that can claim to
reflect the reality of students of all ages in
Luxembourg.

Additionally, most of our participants were re-

cruited and tested by someone they know,
and many of our participants might have been
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used to testing situations since taking part in
psychological studies is a mandatory part of
the study program in psychology. Both of
these factors might have lowered their feeling
of anxiety.

Furthermore, in our data analyses, we found
several interesting effects not covered by our
hypotheses, which could be interesting refer-
ence points for future studies. To explore the
speed-accuracy trade-off in future studies, as
well as other possible explanations for partici-
pants with higher Math Anxiety taking less
time in the language-based math performance
test, we recommend post-study interviews ex-
amining participants’ feelings and inner pro-
cesses during the study.

Another possible focus point could be the ef-
fect that participants who prefer French as an
exam language show less Math Anxiety when
taking the French language-based math per-
formance test than participants who prefer a
different exam language. If and in which di-
mensions this effect might be found for differ-
ent languages. and how it relates back to per-
formance should be tested with Dbetter-
balanced samples, as well as different multi-
lingual samples.

On a broader scale, we would look at our re-
sults with caution. Nevertheless, from the ef-
fects observed in our sample, we feel comfort-
able advising lecturers in almost every position
to provide exams in a language that students
feel comfortable with or prefer, wherever pos-
sible, even though we are aware that this
might not be possible since translation of ex-
ams can be a difficult process without suffi-
cient resources. In general, we can also ad-
vise lecturers and students to incorporate
actions aiming to empower students to man-
age their Math Anxiety, as there is no possibil-
ity to completely eliminate uncomfortableness
around math exercises.

Conclusion

The goal of our study was to examine
existing relationships between Math Anxiety,
language of instruction and math performance

that might influence the performance shown
by multilingual students in language-based
math performance tests.

Overall, our results provide evidence for the
hypothesis that Math Anxiety influences math
performance negatively, for both, language-
and non-language-based math performance
tests. These results were equivalent for Ger-
man and French. We did find that students
with higher Math Anxiety showed a speed-
accuracy trade-off pattern and were less sure
with the answers they gave. Moreover, our re-
sults show as well that Math Anxiety is specif-
ic, i.e. not influenced by the general or current
anxiety shown by an individual. Surprisingly,
we did not observe evidence for the influence
of language of instruction on either Math Anxi-
ety or math performance in general. However,
our results also imply that Math Anxiety could
be lowered by participants taking the test in
the language they preferred, even though this
was only true for one condition. These seem-
ingly contradicting results should be further in-
vestigated.

We can conclude that the language of instruc-
tion, even though it did not play a major role in
our analyses, might still be a noteworthy factor
in the complex processes influencing students’
performance, and more research will be nec-
essary to build a more reliable body of
knowledge.

While providing students with their preferred
language of instruction might give them a bet-
ter chance to perform to the best of their abili-
ties, we should also consider enabling them to
handle their Math Anxiety, if present. For this,
it would be vital to understand the speed-
accuracy trade-off even better. We neverthe-
less encourage lecturers to consider our re-
sults when thinking about the design of exams
and language-based math performance tests.
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In the following study, we examined the problem of gender differences in mathematical performance
and financial literacy. There are several different factors that might have contributed specifically to
the gender differences in mathematics.

In a review paper, Zheng Zhu (2007) addressed the different approaches men and women take to
mathematical problem solving. He as well mentioned not only the fact that in some investigation’s
women perform worse than men, but also that in some cases women even perform better in mathe-
matics, depending on the type of test. Since mathematics and finance are inextricably linked (Baron
& Lorraine, 2015; Scott, 2018) we examined both in our study. For this reason, differences in finan-
cial knowledge as well as behavior regarding finance between genders were also considered. We
recruited university students aged 18 to 35 from STEM and non-STEM field. We used computerized
self-assessment questionnaires. The questionnaires contained standardized tasks in financial litera-
cy and behavior as well tasks measuring mathematical performance. Results showed that there
were no differences between genders in terms of achievement scores. However, a significant effect
could be observed in the arithmetic task and in the math mastery task within the non-STEM stu-
dents. As being a very complex situation of gender differences in mathematical problem solving it
would be wise to investigate these differences in more depth, focusing on STEM and non-STEM
students, as more differences could be found in larger samples.

gender similarities in mathematics (Guiso et

Introduction al., 2008).

In the research by Rodriguez et al. (2020)

Mathematics

The gender gap in mathematics has already
been discussed for a long time (Hedges &
Nowell, 1995). Previous research has shown,
that at an early age there are no intrinsic gen-
der differences in numerical abilities (Kersey
et al., 2018). The study by Else-Quest et al.
(2010) drew the conclusion that discrepancies
usually develop with advancing age and occur
mainly in societies with inequalities in educa-
tion and gender equality between men and
women. Due to this, greater equality in terms
of educational achievement, would lead to

they investigate whether there are significant
gender differences in intrinsic motivation, per-
ceived competence, negative feelings, and
mathematics anxiety.

Furthermore, according to recent research
(Lee, & Anderson, 2015), the suggestion that
gender differences in attitudes toward mathe-
matics are more pronounced in coeducational
schools than in single-sex schools, raises the
larger issue of gender stereotyping and the
possible impact of the school environment. It
could be that students in a coeducational
school are more likely to conform to gender
stereotypes, while in single-sex schools there
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is more latitude for students not to conform to
gender expectations.

Stereotypes related to gender and mathemati-
cal ability state that women are less mathe-
matically talented than men. A growing body
of research suggests that these gender stere-
otypes of mathematics influence women's in-
terest as well as performance in mathematics
(stereotype threat), and that gender differ-
ences in mathematics performance occur pri-
marily in gender stereotype environments
(Franceschini et al., 2014).

For example, there have been found gender
differences in exams like SAT (Combs et al.,
2009).

As gender inequalities in STEM still exist in
most populations nowadays (Casad et al.,
2019), the question arises whether, and to
what extent, the gender gap among higher
education students could be eliminated.

Financial Literacy

There are also significant indirect effects of
gender in financial literacy through such fac-
tors as financial anxiety. Women feel greater
anxiety about financial matters because of ste-
reotype threats or other unexplained mecha-
nisms like the direct effect of gender (Tinghdg
et al., 2021).

According to the study from Bottazzi and Lu-
sardi (2021) using data from more than 140
countries on financial literacy showed that
there are gender differences everywhere, from
developing countries to advanced economies.
It also shows that, on one hand, parental
background, particularly the role of mothers,
matter for girls' financial literacy. On the other
hand, social and cultural environment in which
girls and boys live, also play a crucial role in
explaining gender differences.

Moreover, the research from Sunderaraman et
al. (2020) showed that numerical reasoning
had a strong association with financial literacy.
For this reason, in our study except from pos-
sible gender differences in math performance,

the relationship between math performance
and financial literacy is explored.

Present study

All the points listed above inspired us to con-
duct a study on gender differences in math
performance and financial literacy among uni-
versity students.

Therefore, we have conducted following hy-
potheses:

1. Male participants’ overall math perfor-
mance will be better than female par-
ticipants’ overall math performance.

2. Male participants will perform better at
the problem-solving tasks and the
math fluency task than the female par-
ticipants. There will not be gender dif-
ferences for the math mastery task.

3. Male participants will perform better at
the financial literacy measure.

4. There will be a positive correlation be-
tween financial literacy and math per-
formance.

Methodology

University students (18-35 years old) who are
not diagnosed with any attention disorder or
learning difficulty were recruited. Participants’
scores were compared in three different math-
ematics tasks, in financial literacy and financial
behavior questionnaires (see complete de-
scription in Measures). The reliability coeffi-
cients for the two financial questionnaires, fi-
nancial literacy questionnaire (a = 0.51) and
financial behavior questionnaire (a = 0.19)
were low. That means that questionnaires
used were not reliably measuring the concepts
of financial literacy and financial behavior.
This could be due to a low number of ques-
tions, as we attempted to keep the assess-
ment time as short as possible (approximately
60 minutes). The participants were tested ei-
ther in a laboratory or at the library of Universi-
ty of Luxembourg. In total 44 participants were
included in the final analysis, 2 participants
were excluded because they scored too low in
the Advanced Progressive Matrices Test,
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which was used as a screening test of high-
level observation

skills. Further, two participants were excluded
for being highly distracted during the data col-
lection. The population is presented in Figure
1. The distribution of the socioeconomic status
is illustrated for men and women in Figure 2
and Figure 3 correspondingly.

Figure 1
Participants’ mean age, gender, and study field dis-
tribution.

Participants N=44
Age mean (o) 23,97 (3,812)
Gender STEM Non-STEM
Students Students
Male(N=21) 12 9
Female 11 12
(N=23)
Figure 2
SES distribution in female population
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Figure 3

SES distribution in male population

Measures

To test whether there is a significant difference
between female and male university student in
terms of mathematical performance and finan-
cial literacy, the participants had to fill out
some computerized self-assessment ques-
tionnaires and perform computerized tasks us-
ing the platform SosciSurvey.

HIGH-LEVEL OBSERVATION SKILLS

In the first place a short form of the Raven’s
Advanced Progressive Matrices, which was
developed by Arthur and Day in 1994, was
presented to the participants to check their
cognitive abilities and intelligence level. More
precisely, it assessed their reasoning skills by
having them determining which element, out
of multiple possibilities, is the piece that is
missing in the pattern that is presented to
them. This short form consists of 12 items and
has a duration of approximately 15 minutes.

MATHEMATICS

Furthermore, the participants had to complete
the three math performance measures, more
precisely the Geometrical Problem-Solving
Task and the Arithmetical Problem-Solving
Task, which were presented in form of multi-
ple-choice items and have a similar format as
the problems used in SAT exams, as well as
the Math Mastery task (Figure 4).

To measure the participant’s geometrical prob-
lem-solving abilities, they had to solve 4 geo-
metrical problems with an average processing
time of 8 minutes. These tasks consisted for
example of determining the perimeter or the
area of shapes such as a pyramid. Therefore,
the solving of these problems required
knowledge on geometric principles.

The Arithmetical Problem-Solving tasks con-
tained four arithmetical problems with a focus
on algebra and took approximately 8 minutes.
In this task participants had to work with whole
numbers, precents as well as fractions and
decimals. These tasks included problem-
solving with additions, substructions, multipli-
cations, and divisions.
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The Math Mastery tasks is an adapted version
of the brief math assessment created by Stei-
ner & Ashcraft (2012) and which has a dura-
tion of approximately 10 minutes. The 10
items were developed to be similar in difficulty
and type as the items of the standardized
WRAT3 (Snelbaker et al., 2001) and had an
increasing difficulty. In the adapted version the
items 9 and 10 were replaced by a complex
multiplication  problem,  which  required
knowledge of fractions. These items, that had
a focus on algebra, were adapted by the re-
searcher as these items were resembling
items measured in the Arithmetic Problem-
Solving Task. At the beginning, the partici-
pants had to complete items with very easy
calculations of addition, subtraction, multiplica-
tion, and division. This approach has been
used to motivate the participants to try and
complete as many items as possible.

FINANCIAL LITERACY AND BEHAVIOR

Finally, the participants had to complete a
questionnaire linked to financial literacy and
another one linked to financial behavior, which
measured the participant's ability to make fi-
nancial decisions and to ensure their financial
wellbeing.

First, the participants had to fill out a Financial
Literacy questionnaire. The items were creat-
ed by Atkinson and Messy (2012) according to
OECD suggestions and are the same as the
ones used in the study of Preston and Wright
(2019). The questionnaire contained 5 item
concepts such as the interest rate, inflation,
diversification, investment risk and money illu-
sion.

In addition to that, a Financial Behaviour ques-
tionnaire, with items that have been used in
Financial Literacy and Inclusion OECD/INFE
Survey across Countries and by Gender
(2013) was presented to the participants. This
questionnaire asked more specifically about
how the participants are handling their financ-
es. The questionnaire measures for example
the responsibility of the household budget, the
consideration of affordability, the management
of their financial affairs, the setting and
achievement of their financial goals, and their

informed financial decisions. There were also
questions on whether they have borrowed
money, whether they are saving money and
whether they pay their bills on time.

DEMOGRAPHICS AND ATTITUDE

At the end a demographics questionnaire con-
cerning the participant’s biological sex, their
gender, socioeconomic status, and field of
study as well two questions about the partici-
pant’s attitude on gender, science and math-
ematics had to be filled out. To get an idea
about participants’ attitudes we asked them for
instance whether they think that one gender is
better in math than the other. The items of that
questionnaire were based on items used in
the study of Hall, Robinson and Limin Jao
(2020).

Figure 4
Math Mastery Task by Steiner & Ashcraft
(2012)

Results

To assess the overall performance between
the women and men, an independent t-test
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was conducted. The results of the independ-
ent samples t-test revealed that in terms of
overall math performance there was no signifi-
cant difference between women (M=-.575,
SD=2.808) and men (M=.630, SD = 1.481), t
(42) =-1.756, p = 0.086.

Further to evaluate male and female’s perfor-
mance in the problem-solving tasks as well as
the gender differences in the math mastery
task, a repeated measures ANOVA was con-
ducted.

Using the Greenhouse-Geisser correction, the
results of the repeated measures ANOVA
showed that there was no significant interac-
tion between gender and math performance
task. (F= (1, 1.563) =0.977, p =0.364). see
Figure 6, Figure 7, and Figure 8 for the per-
formance of each gender of the three math
tasks.

Moreover, to analyze male and female partici-
pants’ performance190. (The financial literacy
measure and the financial behavior measure,
two individual independent samples t-tests
were conducted. The results revealed that in
terms of financial literacy that there was no dif-
ference between female (M=4.304, SD=0.926)
and male participants (M=4.429, SD=0.926), t
(42) = -0.444, p=0.659. Regarding financial
behavior there was no difference for female
(M=61.304, SD=14.555) and male (M=62.857,
SD=16.475) participants neither t (42) = -
0.332, p= -0.742. (See participants’ perfor-
mance in Figure 9 and Figure 10).

Between financial literacy measure and math
performance a correlation analysis revealed
that there is a moderate correlation between
the arithmetic problem-solving task and finan-
cial literacy, r =470, p = .001. In addition,
there was a moderate association between
the geometry problem-solving task and finan-
cial literacy, r =.429, p = .004. However,

there was no correlation between the Math
Mastery task and financial literacy, r =174, p =
.258. Contrary to financial literacy, financial
behavior was not significantly correlated with
any of the math tasks.

Figure 5

Correlation between overall math performance and
financial literacy measure (y-axis= overall math
performance, x-axis= Financial Literacy measure)

To further explore the gender differences in
each of the math tasks, students’ performance
was compared between genders in each of
the math performance tasks.

Three individual independent samples t-tests
were conducted to compare student’s perfor-
mance in the respective math tasks. The t-
tests showed that there was a significant ef-
fect in the arithmetical problem-solving task
between female students (M=-.3024, SD=
1.173) and male students (M=.3312,
SD=.644), t (42) =-2.190, p= .034. (See figure
6)

Further the t-test revealed that there was no
significant effect in the geometrical problem-
solving tasks between female students (M=-
.082, SD=1.192) and male students (M=.090,
SD=.754), t (42) =-.569, p=0.573 (see Figure
4). Moreover, there was no significant effect
found in the Math Mastery Task in female
(M=-.190, SD=1.078) and male students
(M=.208, SD=.885), t (42) =-1.333, p=.190.
(See Figure 8)

To explore and compare students’ perfor-
mance in the financial measures two inde-
pendent samples t-tests were conducted. Bar-
tell, T-G. Test revealed that there was no
effect in the financial literacy measure be-
tween females (M=4.30, SD=.926) and males

59



Welling, Offner, Mendes, Music, Adrovic, Stein — Exploring Gender differences in math performance and finan-
cial literacy

(M=4.43, SD=.926), t (42) = -.444, p=.659.
(See figure 9). The second t-test revealed that
there was no effect in the financial behavior
measure  between females (M=61.30,
SD=14.555) and males (M=62.86,
SD=16.475), t (42) =-.332, p=.742 (See Figure
10).

Figure 6

Performance of female and male students in arith-
metical problem-solving tasks. (1=female, 2=male)

Figure 7

Performance of female and male students in Geo-
metrical problem-solving task. (1=female, 2=male)

Figure 8
Performance of female and male students in Math
Mastery Task. (1=female, 2=male)

Figure 9
Performance of female and male students in Fi-
nancial Literacy measure (1=female, 2=male)

Figure 10
Performance of female and male students in Fi-
nancial Behaviour measure. (1=female, 2=male)
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Figure 11

Performance of female and male students the
Raven’s Matrices task (1=female, 2=male)

Additional Data Analysis

Subsequently, we decided to conduct further
analysis and compared the genders by sepa-
rating them into an additional category. In-
deed, on the one hand we compared the re-
sults of STEM students and on the other hand
those of non-STEM students, to see if there
are significant gender differences in the re-
spective study fields.

More specifically, first, we compared their
overall performance, secondly their perfor-
mance in arithmetic mathematics, then in ge-
ometry and finally the mathematics mastery
tasks. For this purpose, we conducted mainly
independent sample t-tests, which allowed us
to draw the following results.

Beginning with Non-STEM students: the re-
sults of the t-test comparing arithmetic task
outcomes only revealed a tendency toward a
significant difference between females (M=-
.639, SD=1.201) and males (M=.151,
SD=.474), t (15.143) =-2.073, p=.056. In terms
of geometry performance, the results revealed
no significant difference between females
(M=-.221, SD=1.413) and males (M=-.053,
SD=0.712), t(17.025)=-.356, p=.727. However,
the results in terms of mathematics mastery
task revealed a significant difference between

females (M=-.521, SD=1.118) and males
(M=.500, SD=1.076), t (17.738) =-2.116,
p=0.049.

To conclude with the overall performance, the
results didn’t reveal any significant differences
between females (M=-.4603, SD=1.053) and
males (M=.1992, SD=0.466), t (15.998) =-
1.931, p=.071.

Proceeding with the STEM students: the t-test
results comparing arithmetic task outcomes
revealed no significant difference between fe-
males (M=.064, SD=1.076) and males
(M=466, SD=.738), t (17.511) =-1.035,
p=.315. Likewise, the results concerning geo-
metric performance did not reveal any signifi-
cant difference between females (M=.068,
SD=.0940) and males (M=.198, SD=.798), t
(19.742) =-.355, p=.726. The same conclusion
can be drawn regarding the math mastery
task, as the results did not reveal any signifi-
cant difference between females (M=.170,
SD=.954) and males (M=-.010, SD=.678), t
(17.916) =.519, p=.610.

By looking at their overall performance the
conclusion is identical, as there were no signif-
icant differences between females (M=.1011,
SD=.725) and males (M=.2182, SD=.533),
t(18.298)=-.438, p=.667

Additionally, by analyzing the Ravens Matrices
results for all participants, STEM and non-
STEM, we found no significant differences
which shows us that we tested participants
with the same intelligence levels. This means
the participants can be compared on the same
level.

Discussion

To sum up, overall, there was no difference in
the results between genders regarding math
and financial literacy performance, nor in fi-
nancial behaviour scores. More specifically, no
gender differences were found in the geome-
try task, which is in line with previous findings
(Capraro, 2001), and neither in the brief as-
sessment of mathematics achievement (here
called Math Mastery task). These results
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agree with the recent evidence of the elimina-
tion of the gap in more gender-equal societies
(Guiso et al., 2008b).

However, the arithmetic problem-solving task
was significant (r =.470, p = .001) between all
the students, which could be of concern con-
sidering the multiple factors contributing to
gender differences in math performance
(2007) and previous findings showing the evi-
dence of gender differences in strategy use in
mathematics (e.g., Gallagher et al., 2000).
Moreover, we also found a tendency to a sig-
nificant difference in non-STEM students’
Arithmetic Task (t (19) =-1.858, p=.079), as
well as a significant effect in non-STEM stu-
dents’ Math Mastery Task (t (19) =-2.104, p=
.04). This could suggest that the gender dif-
ferences tend to outwash themselves depend-
ing on the populations. However, in terms of
geometry performance, the results between
non-STEM students revealed no significant
difference  between females (M=-.221,
SD=1.413) and males (M=-.053, SD=0.712), t
(17.025) =-.356, p=.727.

The differences that were found solely in the
non-STEM students highlight the importance
of education and exposure to mathematics in
the elimination of gender differences (United
Nations, n.d.).

Regarding financial literacy in contradiction to
other studies (Tinghog et al., 2021) we did not
find significant gender differences. This could
possibly be explained based on the character-
istics of our sample of students and based on
limitations of our instrument for financial litera-
cy. Therefore, gender differences in financial
literacy should be further explored.

Finally, the results exploring the relationship of
financial literacy and mathematics showed that
financial literacy is connected to specific math
tasks but not to all of them. Future studies
should clarify what parts of mathematics edu-
cation could support strengthening the finan-
cial literacy of men and women.

Limitations

It is an important consideration and a neces-
sary component for research studies to have a

justified and adequate sample size. Therefore,
one of our limitations is our small sample size
for comparing groups.

In addition, the sample consisted exclusively
of university students. In this sample, there is
little variability regarding socioeconomic fac-
tors, which have been found to explain to a
great extent the gender gap (Breda et al.,
2018).

Furthermore, we used items that are widely
used to measure financial literacy (Preston &
Wright, 2019). However, these items seemed
to be quite easy in the present study and for
this reason, were possibly not ideal for uncov-
ering individual differences in financial literacy
among students.

Additionally, we have limited ourselves to only
a few math tasks to test mathematical perfor-
mance. However, there are more facets of
math than can be further explored. For exam-
ple, timed math tasks may uncover gender dif-
ferences. For instance, previous studies
showed that men performed faster under
pressure than women in timed tasks
(Shurchkov, 2012) this could lead to further
differences in their performance.

Moreover, both reliability coefficients of our
two questionnaires (i.e., the financial literacy
and financial behaviour questionnaire) were
very low and not acceptable. It could be due to
the low number of questions or the poor inter-
relatedness between items or possible heter-
ogeneous constructs. This limitation suggests
that there is a need for standardized and vali-
dated measures on financial literacy and fi-
nancial behaviour that could be used in short
assessment time.

Outlook

Even though overall we didn’t find any differ-
ences between gender, the topic as explained
in the introduction, is still open to be explored
further. A wider population can be broken
down into different smaller groups and there-
fore be better explored. For example, you
could look at gender differences when looking
further into the socio-economic status of a
population (Lee et al., 2016). For this reason,
they should be explored in regard to typical
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sociodemographic factors (e.g., age, socioec-
onomic status, immigration background etc.).
It would also be very interesting to do a longi-
tudinal study and explore the role of siblings.
Since siblings grew up in the same environ-
ment it would be interesting to examine if dif-
ferences in their mathematical and financial
literacy performance as well as their financial
behaviour develop over time.

Furthermore, it would be interesting to set up a
longitudinal study starting in primary school.
This would help to see the evolution of math
performance and financial literacy throughout
childhood to adulthood and explore the differ-
ences that arise for both men and women as
result of socialization conditions. Moreover,
one could focus in such a longitudinal study
on the family factors like the home math envi-
ronment (Daucourt et al., 2021) or look at dif-
ferent teaching styles and approaches (Nelson
L., 2011) This would help us to gain a better
insight into the connection between education
systems and gender differences that may be
significant. Previous studies showed that
strategy flexibility is a source of gender differ-
ences in mathematical ability (e.g., Gallagher,
2000). With this said, it could be possible that
the way problems are presented or taught in
school also influence gender differences. In
conclusion, there is no clear one final answer
regarding the topic of gender inequalities.
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This paper proposes an opposing view to the misconception that videogames only
have negative effects on mental well-being as it demonstrates that enhancing effects
certainly exist. Based on previous literature of Seligman’s (2011) PERMA theory of
well-being, this research examined positive effects of videogames on well-being using
the WHO-5 Index. It was subsequently analyzed how the assessed well-being varied
according to variables such as player types and play time. In addition to that, gender
analysis was conducted, focussing on the influence of gender on play time and game
preference. A sample of 967 participants gathered by an online questionnaire served to
demonstrate the findings of this article, which established that well-being correlates
positively with the amount of fulfiled PERMA columns, as well as a moderate play time
(7-10 hours per week). Among all the player types, it was found that the ‘High Perform-
er’ recorded the highest well-being. Furthermore, there were no differences found re-
garding the play time between genders. Moreover, the gender analysis of this report
has shown that there was a potential bias towards specific game genres preferences

between male and female participants.
. Accordingly, this study aims to take a
Introduction different perspective with this research

Video games are largely known in the
news and academic literature for their
bad reputation, which results in the fact
that mostly there is a fundamentally
negative attitude towards video games
and electronic games in general
(Przybylski & Weinstein, 2016). Find-
ings by Ferguson (2015) suggest that
even among clinicians, debates about
video games are influenced by histori-
cal patterns of generational conflict,
with harmful beliefs held primarily by
older individuals who are hostile to
younger generations. In this regard,
one can find many studies which em-
phasize the negative aspects, for ex-
ample on the correlation between vio-
lent video games and aggression
(Calvert et al., 2017; Anderson et al.,
2010) or video game disorders and ad-
diction (Rosenberg, 2020; Bean et al.,
2017). As a result of this polarizing rep-
resentation, just a few studies seem to
address the potential positive attributes
of video games, and thus much re-
search remains to be done (Granic et
al., 2014).

project and contribute to the few posi-
tive findings related to video games and
mental health. Therefore, the aim of the
present study is to investigate the rela-
tionships between video games and
psychological well-being and to address
various aspects in detail.

Theoretical Background

The theoretical background of the study
is based on Seligman's PERMA model
(Seligman, 2011). The model is an ac-
ronym for factors that contribute to well-
being. The PERMA model is not empir-
ically proven or derived from a study.
However, all five factors are confirmed
by scientific research. The 5 pillars of
the model consist of Positive Emotions
(P), Engagement (E), Relationships (R),
Meaning (M), and Accomplishment (A).
Well-being is interpreted not only as the
mere absence of mental disorders, but
as the opposite (Jones et al., 2014).
Video games might inherently have de-
sign elements that focus on attributes of
well-being, and playing video games
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provides opportunities for mental
health, considering the PERMA Model,
this can be shown using the 5 pillars.

All scientific statements and knowledge
about the PERMA Model in relation to
video games, are based on the paper
by Jones et al (2014) and will be ex-
plained in the following.

Positive emotions, in this context, refer
to relaxation, stress reduction and
steam off, which can be felt due to the
distraction while playing video games.
Engagement refers to an emotional in-
volvement or commitment to an object
or domain of interest and to the experi-
ential intensity of a relationship or inter-
action. It also refers to temporal en-
gagement or interactions with activities
and social partners in the immediate
environment, where a strong relation-
ship between engagement and positive
well-being has been demonstrated.
Relationships describes that playing
with real-life friends allows players to
share their sense of accomplishment
and success in order to strengthen and
restore their self-esteem and esteem as
gamers. The friendships that gamers
make online are in some cases compa-
rable to or better than their real-life
friendships. Likewise, playing with oth-
ers can reduce problem gambling be-
havior. It appears that video games
give players the opportunity to express
themselves in ways that might make
them uncomfortable in real life because
of their appearance, gender, sexuality,
and/or age. In addition, video games
encourage people to stay in touch.
Meaning is described as participation in
meaningful activities gives a sense of
purpose and fulfiiment to daily life. The
search for meaning has been associat-
ed with participation in activities that
contribute to something greater than
self. Video games also have the poten-
tial to eliminate loneliness; even when
friends and family are far away, video
games can allow players to interact,
share, and be social.

Accomplishment and a sense of satis-
faction in life can be achieved by work-
ing towards goals and it contributes to a
sense of competence and well-being.

Ryan et al. (2006) believe that the psy-
chological appeal of games is primarily
due to the fact that they evoke feelings
such as competence and thus increase
psychological well-being.

Furthermore Jones et al. (2014) dis-
covered in their findings that video
games can contribute to mental health,
especially when played for a moderate
amount of time. In their paper they de-
scribe a moderate playing time of 7-10
hours per week. Below this level, video
games are not important enough in the
lives of consumers to have a real effect
on the psyche. Above this time (over 10
hours per week), other important areas
of life may be neglected.

Further studies, like Phan et al. (2012)
and Hamlen (2010), found gender dif-
ferences regarding game preferences
and playing times. In the studies of
Hamlen’s (2010) it was shown that men
prefer shooter games, in contrast to
women who play mostly casual games.
In Phan et al. 2012 study, it was found
that men play video games more often
compared to women.

In addition, the MOPS, motivation to
play scale (Holl et al., 2022), was in-
cluded in the online study. The scale
assesses gaming motivation and allows
a division of gamers into four different
player types: ‘Casual Player’, ‘High Per-
former’, ‘Crafter’ and ‘Highly involved
player’. This study used the MOPS
questionnaire to classify the partici-
pants into the four gamer types.

Hypothesis

Based on the theoretical background,
the following hypotheses were created:
1) The different types of gamers differ
in terms of the 5 columns of the PER-
MA model. (Jones et al., 2014).

2) Men play more video games than
women (Hamlen, 2010).

3) Men and women differ in game pref-
erence (Phan et al., 2012).

4) Moderate play time leads to a posi-
tive effect on well-being (Jones et al.,
2014). According to Jones et al.,
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around 7-10 hours per week is moder-
ate playing time.

5) The more columns of the PERMA
model are fulfilled, the better the well-
being.

Research questions

From these hypotheses the following
research questions were derived:

1) Do people spent more time playing
video games, when gaming has a high-
er status for them? Status means the
importance of video games compared
to other aspects of life.

2) Is the relation between time spent
playing and well-being moderated by
the video game status? People for
whom video games have a higher sta-
tus, play more video games, and there-
fore have greater well-being. Playing
more video games means a longer and
more intense playing time.

3) Does the well-being of the four play-
er types depend on the number of pil-
lars of the PERMA model they fulfill?

Methods

Participants

Using G*Power 3.1.9.7 (Faul et al.,
2007) a statistical power of 0.9 and an
alpha of 0.05 the sample size for the
online study needed to be 270 partici-
pants. We reached a sample size of
2147 finished data sets, ending in 1586
valid cases. The participants were re-
cruited via the Moodle portal of the Uni-
versity of Luxembourg and through per-
sonal contacts. Moreover, the study
was promoted on social network sites
(e.g. Facebook groups, Discord serv-
ers, Instagram stories) and interactive
online gaming sites (e.g. Twitch).

Participants (n = 1586) were assessed
for careless responding. Participants
with unusually short completion time

(i.e., relative speed index = 2; Leiner,
2019), straightlining (Schonlau &

Toepoel, 2015; i.e., = 15 identical rat-
ings in a row and an average longstring
of = 5) and/or extremely high or low re-
sponse variability (e.g., Dunn et al.,
2018) were excluded, resulting in a re-

maining number of N = 967.

Among those participants 70.1% were
male (n = 678) and 29.7% were female
(n = 287), one participant was diverse
and another participant indicated “oth-
er” but didn’t specify. Most of the partic-
ipants were between 25 and 26 years
old (n = 259; 26.8 %) and the overall
mean value was 25.2 (min = 18, max =
34, SD = 3.42).

The study includes only people in their
youth (from 18th to 34th year of life).
This results in the fact that this group
has the most amount of free time and
therefore plays more video games than
other age groups: Statistics published
by the entertainment software associa-
tion show that people aged from 18 to
34 are the largest group of gamers in
the US (PaalRen et al., 2017; Enter-
tainment Software Association, 2022;
Ratan et al., 2015).

Since the study was mostly aimed to-
wards active gamers, every participant
who indicated that they play less than
an hour per week were excluded.

Design and materials

In order to create and conduct the
online study, the online platform SoSci
Survey was used. The first page of the
survey consisted of a brief introduction
and a declaration that participation is
voluntary, and data will be treated
anonymously. The survey contained
items on basic demographics (e.g.,
age, gender), gaming hab-
its/preferences, gaming motives
(MOPS) and mental well-being (PER-
MA-Profiler and WHO-5). The survey
took 10 to 15 minutes and was con-
ducted in English.
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Inspired by the paper ‘Gaming well:
links between videogames and flourish-
ing mental health’ (Jones et al., 2014),
this study incorporated the five ele-
ments of PERMA (Positive Emotion,
Engagement, Relationship, Meaning
and Achievement) to test for correla-
tions between video gaming and ‘flour-
ishing mental well-being’ (Jones et al.,
2014, p. 1). With that intent, the PER-
MA-Profiler by Butler and Kern (Butler
et al., 2016), a brief measure of PER-
MA, was also integrated in the study’s
questionnaire. The PERMA Profiler
consists of 15 questions (3 items per
PERMA domain). The response possi-
bilities range from 0, never, to 10, al-
ways (Butler et al., 2016). The overall
internal consistency of the PERMA-
Profiler, measured in this study, is ex-
cellent, Cronbach’s alpha lies at a = .94
(Positive emotion: a = .77; Engage-
ment. a = .76; Relationships: a = .79;
Meaning: a = .78; Accomplishment: a =
.76).

Furthermore, this online study included
the World Health Organisation’s Well
Being Index (WHO-5, 1998 version)
which is composed of five items (exam-
ple: ‘I have felt cheerful and in good
spirits.’). The internal consistency of the
WHO-5, measured in this study is ex-
cellent with Cronbach’s alpha a = .89.
The five statements measure well-being
over the past two weeks with a scale
from 5, all the time, to 1, at no time.

In addition, the MOPS, Motivation to
Play Scale (Holl et al., 2021), was in-
cluded in the online study. The MOPS
assesses gaming motivation on a com-
prehensive and fully validated scale. It
comprises 58 items with a 10- factor
structure (creativity/exploration, escap-
ism, competition, prestige, enjoyment,
achievement, socializing, boredom, ag-
gression, and skill). The MOPS’ items
are based on a systematic bottom-up
literature search. The MOPS allows to
divide video game players into four
player types: ‘Casual Player’, who plays
casually and enjoys games and does
not play primarily for achievement or
competition (lowest means for all gam-

ing motives, but high on boredom and
enjoyment motivation), ‘High Perform-
er’, who wants to achieve things, com-
pete and show their skills (high motiva-
tion for aggression, prestige, and
competition, but lowest motivation for
enjoyment), ‘Crafter’, who enjoys to
create things and to achieve things by
building and crafting (low aggression,
prestige, and escapism motivation, but
high in achievement, creativity and en-
joyment motivation) and ‘Highly in-
volved player’, who is fully focused on
stories and achievements (highest
overall motivation and highest motiva-
tion for escapism). The items are rated
on a five-point likert scale from 1,
strongly disagree to 5, strongly agree.
The internal consistency of the MOPS,
measured in this study, is excellent a =
.95.

Procedure

The participants could access the
online survey by clicking on a specific
link that was provided. The collected
data was on SoSci Survey, but later on
the data was extracted to SPSS. The
survey can be divided into three parts.

On the first two pages of the question-
naire, participants gave informed con-
sent.

The first part is evolving around some
general demographics. First of all, the
participants were asked to give us their
consent and allow the use and publica-
tion of the data gained from this ques-
tionnaire for the Expra. In the next the
age of the participants was asked as
well as their gender
(male/female/divers/other). Further-
more, the participants were asked if
they considered themselves as active
gamers.

The second part about the question-
naire is all about video games. It starts
by asking the participants how many
hours a week they play on average and
on what device
(PC/Console/VR/Mobile/other).  Then
the participants were asked to rank the
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status of video games in contrast to
other hobbies and leisure activities (e.g
sports) from least to most important.
Then 10 genres of games were pre-
sented, defined by HP®?, to the partici-
pants and they needed to choose the
three genres they play most and rank
them from most to least played.

Moving on to the third and last part of
the questionnaire which is about the
participants' well-being. In the last part,
participants completed the WHO-5
items and the PERMA profiler. In addi-
tion, the participants were also asked to
fill out the MOPS questionnaire which
consists of 58 items.

At the end of the questionnaire, partici-
pants were thanked and were able to
take part in a raffle of one of ten 20€
coupons by providing a valid email ad-
dress (stored separately from all other
data).

After getting the results from the sur-
vey, they were analyzed to prove or to
falsify the presented hypotheses as well
as answer the given research ques-
tions. To achieve this goal, several cal-
culations were made such as correla-
tions, most of them are linear
regressions, and doing a comparison
between the results and the corre-
sponding literature.

Descriptive statistics

ACTIVE GAMER

A total of 96.5 % of the participants de-
scribed themselves as active gamers (n
= 933).

HOURS PER WEEK PLAYING VIDEO
GAMES

The lowest amount of hours played per
week was 0.4 and the highest amount
was 75 hours.

Min = 0.4, Max = 75, M = 14.55, SD =
12.9

PLAYER TYPES

2 https://www.hp.com/us-en/shop/tech-
takes/video-game-genres

Among all the participants, 273 identi-
fied themselves as Casual Players
(28.2 %), 399 participants considered
themselves as High Performers (41.3
%), 172 regarded themselves as Craft-
ers (17.8 %) and 123 participants self-
identified as Highly involved Players
(12.7 %).

PLAYING DEVICE

A total of 52.7 % of the participants
mostly play on PC (n = 510), 28.7 %
use their mobile (n = 278), 12.3 % use
a console (n = 119), and 6.2 % the VR
(n =60).

GAME GENRE PREFERENCE

Multiplayer online battle arena (MOBA)
with 38.9% and Role-Playing with 34.9
% (RPG, ARPG and More) were the
two most distributed video game genres
in the Top 3 ranking.

Results

To evaluate if the well-being is greater if
more columns of the PERMA model are
fulfilled, a bivariate Pearson Correlation
was conducted. There was a significant
moderate positive correlation between
the amount of PERMA columns fulfilled
and the well-being, p < .001, r= .45.

To test if the gamer type groups differ in
terms of the 5 columns of the PERMA
model, a multivariate analysis of vari-
ance was conducted. Using Pillai’s
trace, there was a significant effect of
the 5 columns of the PERMA model on
the 4 gamer types, V = 0.8, F(15,2883)
= 5.30, p < .001. The pairwise compari-
son showed that High Performers have
significantly higher scores in the column
accomplishment then Casual Player.
Additionally, an ANOVA was calculated
with the four player types as independ-
ent variable and the sum score of the
PERMA profiler as dependent variable.
There was a significant group differ-
ence for the player types, F(3, 963) =
19.92, p < .001, n,? = .06. The means
are displayed in figure 1.
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Figure 1: Mean values of the individual
player types for the overall PERMA Profiler
To analyze each gamer group’s correla-
tion with well-being depending on the
number of pillars of the PERMA model
they fulfill, a filter was applied to test
each group individually and a bivariate
Pearson Correlation was used.

THE HIGH PERFORMER’S well-being has
a low significant correlation across all
the pillars of the PERMA model. The
strongest correlation was shown on the
pillars Accomplishment (r = .27, p < .01)
and Meaning (r = .29, p < .01). The
weakest correlation was shown on the
pillar Positive Emotion (r = .24, p <.01).
THE CASUAL PLAYER’S well-being has a
strong correlation across all the pillars
of the PERMA model. The strongest
correlation was shown on the pillar Pos-
itve Emotion (r = .62, p < .01).The
weakest correlation was shown on the
pillar Positive Relationships ( r = .56, p
<.01).

THE CRAFTER’S well-being has a strong
correlation across most of the pillars of
the PERMA model. The strongest cor-
relation was shown on the pillars En-
gagement (r = .55, p < .01) and Mean-
ing (r = .56, p < .01). The weakest
correlation was shown on the pillar Ac-
complishment (r = .49, p < .01) with the
only moderate correlation.

THE HIGHLY INVOLVED PLAYER’S well-
being has a moderate correlation
across all the pillars of the PERMA
model. The strongest correlation was
shown on the pillar Positive Emotion (r
= .45, p < .01). The weakest correlation
was shown on the pillar Positive Rela-
tionships (r= .38, p < .01).

To test if men play more video games
than women, a one-way ANOVA was

calculated with gender as independent
variable and average hours spent play-
ing video games per week as depend-
ent variable. As Levene’s test of homo-
geneity of variances was significant (p
= .007), Welch’s Test was used. There
was no significant difference between
men (M = 14.28; SD = 12.39) and
women (M = 15.18; SD = 14.03) for the
amount of video game play per week,
W(1, 483.65) = 0.90, p =3.43, n? < .01.

To measure how men and women differ
in game preference, a frequency analy-
sis was conducted to determine 3 most
preferred game genres. For men, the
most featured game genre in their top 3
were the Multiplayer Online Battle Are-
na (MOBA) genre with 37%, the Role-
Playing Games (RPG) and Action Role-
Playing Games (ARPG) with 35.1%,
and Shooters, like First-Person Shoot-
ers (FPS) and Third-Person Shooter,
with 33.8%. For women however, the 3
most featured game genres in their top
3 were MOBA'’s with 43.6%, Sandbox
games with 32.4% and RPG’s with
31,7%. To further investigate differ-
ences between men and women in
game preference, the frequency analy-
sis was further used to determine the
game genre mostly put on first place.
For men Shooters were most featured
in first place (12.7%). For women
RPG’s were most featured in first place
(14.3%).

To prove the effects of play time on
well-being, a bivariate Pearson correla-
tion was conducted for each group of
play time with well-being. The low play
time group (M =2.92 ; SD = 1.60) has a
significant weak negative correlation
with well-being: r = -.12, p < .05. The
moderate play time group (M = 8.89 ;
SD = 1.33) registered a significant
weak positive correlation with well-
being: r = .29, p < .01. The high play-
time group (M = 24.73 ; SD = 10.84)
has a weak negative correlation with
well-being: r=-.08, p = .06.

To test if higher video game status is
associated with more time spent play-
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ing video games per week, a bivariate
Spearman correlation was calculated.
There was a significant weak positive
correlation between video game status
and time spent playing video games per
week, rs = .07, p < .05.

To test, if video game status moderates
the relationship between time spent
playing video games per week and
well-being, a moderated regression
analysis was calculated. There was a
significant interaction between video
game status and time spent playing
video games on the outcome of well-
being, b = 0.01, SE < 0.01, p = .040,
95% CI [<0.01, 0.02]. However, there
was no significant effect of time spent
playing video games per week on well-

being for any rank of video status, (ps 2
.072).

Discussion

Video games have had a reputation in
research for having a mostly negative
effect on the affective and mental state
of players (Przybylski & Weinstein,
2016). Consequently, the aim of this
study was to create a balance of per-
spectives in the scientific field, focusing
on the existing positive aspects and in-
fluences of video games, and to con-
tribute to this field of research. In par-
ticular, this study focused on the
positive influence of video games on
well-being.

To capture mental well-being, Selig-
man’s PERMA model and the WHO-5
were used. Additionally, the MOPS
scale (4 gamer types), play time per
week, video game status and gender
differences were utilized in order to
identify which aspects lead to a positive
effect, regarding the correlation be-
tween the independent variable video
games and the dependent variable
mental well-being.

It was identified in this study that the
four player types differentiated com-
pared to the 5 pillars of the PERMA

model. The comparison showed that
High Performers have the highest
scores in the overall columns (M =
41.18) (see Figure 1). However, it
should be noted that the High Perform-
er, unlike the other player types, has a
low significant correlation across all the
pillars of the PERMA model. Which
means that High Performers do not
show a clear preference regarding the 5
PERMA pillars. Moreover, the group al-
location was a self-evaluation which
limits the generalization and could be
related to the preference of the pillars.
Nevertheless, it has been found that
well-being is greater when more pillars
of the PERMA model are fulfilled and,
accordingly, concluding that High Per-
formers represent the gamer type group
that exhibits the highest well-being.

In terms of gender differences, no sig-
nificant differences were found in terms
of playing time per week. This means
that women and men do not differ in
their playing time per week. This corre-
sponds to the opposite of what was as-
sumed, thus Hamlen's (2010) findings
to gender differences were disproved.
These results may be due to the fact
that Hamlen's (2010) study is outdated.
The Entertainment Software Associa-
tion analyzed video game players and
found that in 2022, 48% of the players
in the U.S. identified themselves as fe-
male. In addition, the video game in-
dustry is in constant change and
growth, resulting in more games being
produced for various target groups, in-
creasing interest in video games and
playtime regardless of gender (Paalen
etal., 2017).

In terms of video game preference,
some gender differences could be iden-
tified. Two out of three game genres
were equally listed in the top 3 for both
genders. These are the genres: Multi-
player Online Battle Arena and Role-
Playing Games, which due to their
gameplay appeal most to the player
types High Performer and Highly In-
volved Player. Given that the majority
of the participants classified themselves
as High Performer and Highly Involved
Players (54%) support these results.
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However, this does not seem to be
consistent with the existing literature in
this area, as these genres have been
proven to be heavily male-dominated
(PaalRen et al., 2017; Entertainment
Software Association, 2022; Ratan et
al., 2015). Further research would be
needed to determine and substantiate
the gender preference of these particu-
lar genres. Shooters on the other hand
are aimed at the male audience and
owned the 1st place. The violent video
games were thus as suspected and
proven by other studies the most pre-
ferred genre of men. The violent video
games were thus as suspected and
proven by other studies the most pre-
ferred genre of men. Women, on the
contrary, had the Sandbox games, in
3rd place. These results are consistent
with previous analyses, in which espe-
cially the genre preferences regarding
shooters for men and build-up/casual
games for women stood out (Paal3en et
al., 2017; Phan et al., 2012). Those re-
sults imply that video game preferences
are influenced by learned stereotypes
regarding learned gender roles and
learned gendered media preferences
(Wbhr et al., 2017; Melzer, 2019).

It was significantly proven that moder-
ate play time (7-10 hours per week) of
video games has a positive effect on
mental well-being, and low and higher
playing time have a negative influence.
These results confirmed the assump-
tions and showed similar findings as
previous studies (Jones et al.,, 2014).
Accordingly, Jones et al. (2014) found
that this moderate amount of play time
was associated with all the positive ef-
fects of videogames, and excessive
play or no play at all reduced or negat-
ed these benefits.

Furthermore, it was found that the
higher the viewing status of video
games in life, the higher the individual
playing time per week. Finally, there
was a significant interaction between
the two variables and well-being on the
outcome of well-being. However, there
was no significant effect of time spent
playing video games per week on well-
being for any rank of video status.

These results thus confirm the previous
results on playing time and well-being,
that more playing time leads to a nega-
tive influence of well-being. The higher
the status, the higher the playing time,
which has a negative effect on well-
being. Likewise, these results can be
linked to addictive behavior to video
games, where high status encourages
higher play time, which has a negative
impact on well-being (Rosenberg, 2020;
Bean et al., 2017).

Limaitations

Since the study was an online survey,
no causal interpretations were possible,
only correlational interpretations of the
data were allowed and possible.

Another major source of uncertainty is
the self-categorization from the Motives
to Play Scale (MOPS). The participants
were asked to categorize themselves in
one of the four given player types:
‘Casual Player, ‘High Performer’,
‘Crafter and ‘Highly involved player’.
This could lead to a wrong categoriza-
tion and to other results. The best pos-
sible approach would have been to as-
sign each participant to one of the 4
groups based on the results of the
MOPS. This was, however, beyond the
scope of the present work but would be
valuable to assess in future projects.

Furthermore, the four given player
types: ‘Casual Player’, ‘High Performer’,
‘Crafter’ and ‘Highly involved player’,
were described with a short sentence
referring to each player type. They
could have been described more pre-
cisely in the online survey. This could
have an influence on the self-
categorization and on the high number
of the ‘High Performer’ match.

Another limitation refers to the 10 gen-
res of gamers that were defined by
HP®. The participants needed to
choose the three genres they play
most, and they had to rank them from
most to least played. In fact, the 10
gamer genres given by HP® are not a
scientific reference and so the validity
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could be criticized. The use of these
genres is justified by the fact that the
scientific classifications are outdated
and in no way address today's novel
game genres. Thus, categorisations like
Wolf's (2001) only address traditional
genres and do not include online
games.

Conclusion and outlook

To conclude, almost all the study's hy-
potheses were confirmed and followed
what other studies had shown. The
positive correlations between well-being
and video games were all confirmed.
Only the gender differences were not
found as expected, in terms of playing
time and in terms of genre preference
they were not evident. This suggests
that there may have been or may be a
turnaround in which gender differences
and gender roles in video games no
longer play the role they once did. Ac-
cordingly, future studies can focus on
this aspect and analyze it further. In the
future, it might also be interesting to
use the Motives to Play Scale (Holl et
al., 2022) to categorize participants in-
to player types and further calculate the
correlations between the player types,
Seligman's PERMA Model (2011) and
well-being. Likewise, these positive
findings on video games will encourage
further studies to create a more positive
image on video games.
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Prior research examined casual video game effects on players’ mood and well-being, and their po-
tential for therapeutic interventions.

There has been limited research conducted on meaningful video games, such as Gris, which offer
non-hedonic, eudaimonic content, and thus may be better suited for mood management. This study
investigated if playing Gris could have a positive effect on players' mood, alleviate sad mood, and if
this is related to the extent of depressive symptoms. Additionally, physiological measurements were
taken to explore a physiological relaxation effect.

In a lab experiment (N = 49), participants played Gris after they underwent either a sad- ness or a
neutral autobiographical recall task. At different time points during the study, participants provided
self-reported data for depressive symptoms and subjective mood levels. Additionally, heart rate vari-
ability data was collected as a measure for physiological effects throughout the study. Results
showed that even though there was no mood improvement from playing Gris, there was a significant
mood repair effect for people in the sadness condition. Additionally, playing Gris provided partici-
pants with physiological relaxation (i.e., an increase in heart rate variability), independent of condi-
tion.

Findings are discussed considering the additional purpose of video games in the clinical and thera-
peutic domain for mood management and overall well-being.

population, it seems evident that re- search
should investigate what effects video games
have on their players. In the last decade, re-
search in the field of media psychology has
shown that playing video games appears to be
effective for decreasing negative emotions like
stress (Weber et al., 2020), sadness (Rieger
et al.,, 2015), and frustration (Rieger et al.,

Introduction & Theoretical
Background

As of 2022, around 3.2 out of approxi- mately
8 billion people worldwide played video

games. In Germany, approxi- mately half of
the population engages in this behavior
(Newzoo Global Games Market Report, 2022).
Playing video games has therefore long since
ceased to be a marginal phenomenon and is
now an essential entertainment tool in our
modern, increasingly fast-paced everyday
lives. Furthermore, half of all gamers are fe-
male (48%), and the aver- age is 34.7 years.
Not only younger generations play video
games, but 10% of all gamers are between 60
and 69 years old (Tenzer, 2023). Due to its
overgrowing popularity among the broad

2014). Moreover, re- search indicates that
playing video games may enhance emotional
intelli- gence and the mastering of emotional
regulation strategies, as well as help with re-
covering from negative emotional states (Vil-
lani et al., 2018). They can also be used for
more active mood re- pair, which means dis-
traction from neg- active moods and the modi-
fication of un- pleasant emotional states, es-
pecially in negative states, such as depression
(Rieger et al., 2015). In addition, it was shown
that video games applied in a therapeutic con-
text can reduce symp- toms of depression and
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anxiety, as well as decrease negative affect in
depres- sive mood, by promoting enjoyment,
flow states, and motivation (Kowal et al., 2021;
Pine et al., 2020). Furthermore, entertainment
experiences are often conceptualized in terms
of hedonic pleasure, a positive affect elicited
by me- dia content (Oliver et al., 2011). How-
ever, as shown by Reinecke (2016) and Rieg-
er et al., (2014), playing video games is not
only based on hedonistic reasons, but is also
essentially used for mood management and
for eudaimonic purposes, referring to feelings
of mean- ingfulness and the experience of
moral and intellectual virtues.

Up to this point, in the context of mood im-
provement, repair, and potential use in thera-
peutic contexts, research has been limited to
casual video games, and little to no research
has been conducted on meaningful video
games. A study by Reinecke (2016) conclud-
ed that media selection is a function of the
media us- ers' current affective state and fol-
lows the principle of mood optimization (mood
management theory). These findings are ex-
tended by the results of Rieger et al., (2014)
who found that both hedonis- tic and eudai-
monic media entertainment experiences are
associated with psy- chological detachment
and relaxation. Specifically, eudaimonic media
enter- tainment experiences are associated
with mastery experiences (Rieger et al., 2014).
Therefore, it is worth considering further re-
search specifically on mean- ingful video
games to examine the ef- fects on mood re-
pair, improvement, and physiological relaxa-
tion to potentially

find a better alternative for an indication tool in
therapeutic contexts. Meaningful video games
such as Gris are character- ized by more
complex experiences, such as feeling in-
spired, touched, or moved, which has been
described as "meaningful affect" (Oliver et al.,
2012), and engagement with deeper themes.
In addition, research on role-playing video
games emphasizes that they promote self-
identification and can be used as an effective
therapeutic tool (Reinecke et al., 2012). Fur-
thermore, they can lead to changes in en-
trenched thought patterns, promote the devel-
opment of positive al- ternatives, and serve as

a means of challenging self-schemas in pa-
tients un- dergoing cognitive behavioral thera-
py (Kowal et al., 2021).

Gris offers a flow and melancholic expe-
rience, as well as relaxing discovery op- por-
tunities and increased immersion (Garcia
Catalan et al.,, 2021). It deals with non-
hedonic, eudaimonic content and trauma pro-
cessing due to self-healing and personal de-
velopment. Therefore, conducting research on
the video game Gris might be able to show ef-
fects on mood improvement, repair, and relax-
ation.

In view of previous research, this study was
designed to test if playing Gris can improve
players” mood and sadness lev- els and
whether this is moderated by the extent of de-
pressive symptoms. Addi- tionally, a physio-
logical relaxation effect should be examined.
Based on these research questions, the fol-
lowing hypotheses were tested:

H1: Playing Gris improves positive mood and
decreases negative mood from T1 (before
gameplay) to T2 (after game- play).

H1a: The improvement in mood is greater af-
ter sadness has been induced, than it is in a
neutral mood (mood repair effect).

H1b: The improvement in positive mood and
decrease in negative mood are greater for
people with higher DASS-21 scores.

H2: The playing of Gris has a relaxation effect:
an increase in heart rate variability from t1
(baseline) to t3 (during gameplay) and to t4
(after gameplay).

H2a: For people in the sadness condition, the
HRV decreases from t1 to t2 (during the auto-
biographical recall task) and increases from t3
to t4.

These hypotheses were tested in a lab exper-
iment in which participants under- went an au-
tobiographical recall task that either induced
sadness or a neutral mood. Afterward, partici-
pants played the video game Gris for 20
minutes. Self-re- ported mood was assessed
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before and after game play, whereas sadness
and serenity levels were measured after the
autobiographical recall task and before the
game play. Physiological relaxation was
measured at the beginning of the study, be-
fore, during, and after game play.

Methods

Sample

An a priori power analysis was conducted us-
ing G*Power (Version 3.1.9.4) (Faul et al.,
2007) for sample size estimation. Results indi-
cated a minimum sample size of N = 46 to
achieve 95% power with a significance crite-
rium of a = .05, n? = .25.

Participants were recruited via flyers in the
buildings of the campus Belval at the Universi-
ty of Luxembourg. In total, 49 participants
aged between 18 and 65 years (M = 25.63;
SD = 8.80) took part in the present study, with
55.1% being female (N = 27) and 44.9% being
male (N = 22). Additionally, participants re-
ported the average time they spent playing
video games per week. On average, partici-
pants played video games for 5.55 hours per
week (SD = 7.16; range: 0 to 32).

Material
SELF-REPORTED SADNESS-LEVELS

Depressive symptoms — DASS 21
Depressive symptoms were measured using
the short 21-item version of the Depression,
Anxiety, and Stress Scale (DASS-21); (Antony
et al., 1998; Nilges et al., 2021). Participants
rated how many statements (e.g., “I felt that
life was meaningless”) applied to them in the
past week on a 4-point-scale (0 = did not ap-
ply to me at all to 3 = applied to me very
much/most of the time). The DASS-21 con-
sists of three subscales: stress, anxiety, and
depression. The scale had excellent internal
consistency, with Cronbach’s a ranging from
.75 to .82.

Emotion Regulation —- DERS-SF

Emotion regulation skills were assessed with
the short version of the Difficulties in Emotion
Regulation Scale (DERS-SF); (Kaufman et al.,
2016). The DERS-SF has six subscales (non-
acceptance, difficulties engaging in goal-
directed behaviour, impulse control difficulties,
lack of emotional awareness, listed access to
emotion regulation strategies, lack of emo-
tional clarity) and contains 18 items (Kaufman
et al., 2016). Participants were asked to indi-
cate how often the items, such as “I am con-
fused about how | feel” apply to themselves,
with responses ranging from 1 to 5 (1 = almost
never to 5 = almost always). The scale had
excellent internal consistency, with
Cronbach’s a = .87.

Positive and Negative Affect —- PANAS

The Positive and Negative Affect Schedule
(PANAS); (Watson et al., 1988) was used to
measure the positive and negative affect of
participants. The test contains a 20-item mood
scale with adjectives describing different sen-
sations and feelings. Ten items each capture
the dimension of Positive Affect (PA), (e.g., at-
tentive, interested, enthusiastic, inspired) and
Negative Affect (NA), (e.g., distressed, upset,
scared, afraid). Respondents were asked to
indicate to what extent the adjectives de-
scribed their current state of mind, with re-
sponses ranging on a 5-point-scale (1 = not at
all to 5 = extremely). The scale had excellent
internal consistency, with Cronbach’s a rang-
ing from .77 to 87.

Visual Analogue Scale — VAS

The VAS (Williams et al., 2010) is a psycho-
metric scale used to quantify a person’s sub-
jective and behavioral state (e.g., pain, sad-
ness etc.) and its intensity. In this study, the
VAS was applied to measure participants' sub-
jective level of sadness and serenity. It con-
sisted of two items, in form of a 10 cm line with
descriptive anchors at each end, such as "not
sad at all" to "extremely sad" and “not serene
at all” to “extremely serene”. Participants were
asked to mark a vertical line through a point
on the scale that best represents their experi-
ence at the moment.
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GAMING STIMULUS

Gris

Gris is a single-player jump-'n'-run ad- venture
game developed by Nomada Studios and pub-
lished in 2018 by De- volver Digital. In this
game, the player accompanies the protagonist
through the five stages of grief (denial, anger,
bargaining, depression, and acceptance)
based on the Kubler-Ross model (Sandra et
al., 2022). Gris was chosen for this study since
it is characterized as a meaningful video game
that offers a non-hedonic, eudaimonic gratifi-
cation, for instance, feelings of meaningful-
ness, contemplation, flow and melancholic ex-
periences, as well as relaxing discovery op-
portunities and increased immersion (Garcia
Catalan et al.,, 2021). More precisely, the
game presents a young girl's journey of self-
healing and personal growth due to a traumat-
ic occurrence. The game offers an experience
with almost no text but is rich with colorful and
delicate art, detailed animation, and elegant
music scores, building greater immersion and
engagement (Sandra et al., 2022). It can also
be identified as a role-playing video game
emphasizing self-identification (Reinecke et
al., 2012). The beginning of the game was se-
lected out of practical reasons. It pro- vides an
easy introduction to the game regarding the
story line and game navigation. Playing from
the beginning also gave all participants the
same chance to reach approximately equally
far in the game, as advanced levels may be
more demanding and incomprehensible. Par-
ticipants played the beginning of the game in
which they experienced the first two stages of
grief (denial, anger).

PHYSIOLOGICAL MEASUREMENTS

Heart Rate Variability — HRV

Heart rate variability (HRV) refers to var-
iations in heart rate over a shorter or longer
measurement period in a heart- beat-to-
heartbeat analysis. It is a param- eter of the
autonomic function of the nervous system,
which is subdivided into the sympathetic and

parasympa- thetic (LAllgen, 1999). The heart
is dually innervated by the autonomic nervous
system, such that relative increases in sympa-
thetic activity are associated with heart rate
increases and relative in- creases in parasym-
pathetic activity are associated with heart rate
decreases. Thus, relative sympathetic in-
creases shorten the time between heart beats
(the inter-beat interval) and relative par-
asympathetic increases lengthen inter- beat
interval (Lane et al., 2009). A healthy heart is
characterized by much variability of long and
short intervals. More frequent long intervals,
resulting from the activation of the parasympa-
thetic nervous system, indicate relaxa- tion.
Heart rate variability was measured by dis-
posable electrodes (Cardinal Health ECG
electrodes with solid gel) at- tached to the up-
per body (right and left under the collarbone,
under the left rib) and were connected to the
BIOPAC MP36 Device. The software Ac-
gKnowledge (Version 5.0.6) was used to view
the data in real time on the com- puter. For the
analysis, the raw data were first converted into
Microsoft Ac- cess Table (MAT) files and then
trans- ferred to PhysioData Toolbox (Version
0.6.3). ECG Signal Analyzer was used to clear
raw data. The final data were an- alyzed by
SPSS (Version 27).

MoobD INDUCTION PROCEDURE - MIP

Autobiographical Recall Task - AR

Sad and neutral mood were induced using the
AR, which is one of the two most commonly
applied methods for mood induction (Devilly et
al., 2021). The task included recalling and writ-
ing for ten minutes as detailed as possible
about either an event in which participants ex-
perienced sadness (sadness condition) or
about the clothes they wore in their last week
(neutral condition).

Procedure

The study was conducted as a single session
in the MEXLAB at the Belval Campus at the
University of Luxem- bourg and could be con-
ducted in two languages: German or English.
First, participants were informed about the
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study procedure, received an infor- mation
sheet, and were asked to sign a consent form.
Afterwards, participants placed three elec-
trodes on their upper body (right and left under
the collarbone and under the left rib) to record
heart rate variability before, during, and after
play, as well as when completing ques- tion-
naires. Prior to attaching the elec- trodes, it
was ensured that participants do not suffer
from photosensitive epi- lepsy. While partici-
pants filled out ques- tions on a PC, baseline
measurements for HRV (t1) were taken. The
first part of the computer-based questionnaire
in- cluded basic demographics (age, gen- der,
nationality, education level), gaming habits,
PANAS (T1), DASS-21 and DERS-SF. After
answering these ques- tions, t1 measure-
ments were stopped. Then, mood induction
was conducted using AR task. During the 10
minutes of the AR task, the second measure-
ments for HRV (t2) were recorded. In addition,
participants in the sadness condition were in-
formed that they could stop the task at any
time if it was too stressful for them, and that
they could contact UMat- ter (psychological
help from the Univer- sity of Luxembourg) if
they did not feel well after participating in the
study. After

the task, participants filled out a first VAS (T1).
Then, t2 measurements were stopped. After
this, the participants re- ceived gaming instruc-
tions and game control sheets to read. Partici-
pants then played for 20 minutes on a Ninten-
do Switch, beginning with the start se- quence
of the video game. While partic- ipants played
the video game, the exper- imenter left the
room and third measure- ments for HRV (t3)
were taken. Partici- pants were alone in the
room with dimmed lights to create a suitable
gam- ing atmosphere. After 20 minutes, t3
measurements were stopped and the fourth
and last measurements for HRV (14) started.
Participants filled out a sec- ond VAS (T2) and
the second part of the computer based
PANAS questionnaire (T2). This questionnaire
explored the ex- perience during the game
and partici- pants’ emotional state. After an-
swering these questions, the t4 measure-

ments were stopped, and the study was over.
Participants could remove the cables and at-
tached electrodes. Before leaving the MEXx-
LAB, a debriefing followed, and participants
were remunerated with a €10 SODEXO
voucher and received study participation cred-
its if needed.

Results

To investigate if our manipulation worked, we
calculated a one-way ANOVA with the VAS
score for sadness at T1 as dependent variable
and condi- tion (sadness condition vs. neutral
con- dition) as independent variable. Leven's
test of homogeneity of variances was signifi-
cant (p < .001), and therefore Welch’s test
was used. Participants in the sadness condi-
tion (M = 42.90; SD = 30.15) felt significantly
more sadness af- ter the autobiographical re-
call than par- ticipants in the neutral condition
(M =12.51; SD =18.07). Welch's F(1, 37.34) =
18.13, p <.001, n = .28.

1) Does playing Gris improve positive
mood and decrease negative mood? (mood
improvement effect)

Initially, a mixed ANOVA with positive affect as
within-subject factor (positive affect at T1 vs.
positive affect at T2) and condition as be-
tween-subjects fac- tor (sadness condition vs.
neutral condi- tion) was conducted. There was
no sig- nificant within-subjects effect for posi-
tive affect F(1, 47) = .69; p = .410; n2p = .02;
and no interaction affect with condi- tion
F(1,47) = 1.97; p = .167; n2p = .04. Next, a
mixed ANOVA with negative affect as within-
subjects factor (negative affect at T1 vs. nega-
tive affect T2) and condition as between-
subjects fac- tor (sadness condition vs. neutral
condi- tion) was conducted. There was no sig-
nificant within-subjects effect for negative af-
fect F(1, 47) = .018; p = .893; n2p = .01; and
no interaction affect with condi- tion F(1,47) =
4.06; p = .527; n2p = .009. These results are
shown graphically in Figure 1.
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Figure 1

Comparison of mean positive and negative af-
fectat T1 and T2

Note. error bars 95% CI

2) Can the video game Gris be used for ac-
tive mood repair? (mood repair effect)

To investigate if participants in the sad- ness
condition feel less sad after playing the video
game Gris (mood repair ef- fect), we per-
formed a two-step analysis. As a first step, a
one-way ANOVA was conducted to further in-
vestigate whether there is a significant differ-
ence in the means of the VAS of participants’
sad- ness levels at T2 between the two con-
ditions (sadness vs. neutral condition). The re-
sults indicate that there was no significant dif-
ference in the sadness condition (M = 19.07;
SD = 20.25) com- pared to the neutral condi-
tion (M = 16.96; SD = 19.95), F(1, 48) = 0.14,
p =.72,n2 = .003. Participants in sadness and
neutral conditions felt approximately the same
level of sadness after playing Gris, which is
shown in Figure 2.

Figure 2

Comparison of Mean VAS sadness level after
autobiographical recall task to after game play
between the sadness and neutral condition

Note. error bars 95% ClI

In a second step, a mixed ANOVA with sub-
jective sadness level measured by the VAS as
within-subject factor (sad- ness levels at T1
vs. T2) and condition as between-subjects fac-
tor (sadness vs. neutral condition) was con-
ducted. For the feeling of sadness, there was
a sig- nificant within-subject effect with partici-
pants feeling significantly less sad after play-
ing Gris (M = 17.99; SD = 19.92) compared to
after the autobiographical recall task (M =
27.40; SD = 28.89), F(1, 47) = 13.01, p < .001,
n2p = .22. However, the within-subject effect
was qualified by a significant interaction effect
F(1,47) = 27,67, p = .00, n2p = .37. To explore
more precisely in which direction the effect ex-
ists, separate analyses were conducted and
showed that for participants in the sadness
condition, there was a signifi- cant decrease in
sadness feeling from after the autobiograph-
ical recall task (M = 42.90; SD = 30.15) to after
playing Gris (M = 19.07; SD = 20.25), F(1, 23)
=22.12, p <.001, n2p = .49, which is shown in
Figure 2. However, participants in the neutral
condition felt significantly sadder after playing
Gris (M = 16.96; SD = 19.95) compared to af-
ter the autobiographical recall task (M = 12.51;
SD = 18.07), F(1, 24) = 4.82, p = .038, n2p =
.17, which is shown in Figure 2. Hypothesis
H1a can be accepted.

3) Do depression symptoms influence the
effect on players” mood?

Firstly, to analyze if the extent of depres- sive
symptoms is associated with changes in play-
ers’ mood after playing Gris, change variables
for positive and negative affect, and for sub-
jective sad- ness and serenity levels were cal-
culated by subtracting T2 scores from T1
scores. Then, Pearson correlations were cal-
cu- lated with these change variables and the



Amphiarus, Kimmlinger, Weber, Zinnen — Gaming & Emotions 2

depression score of the DASS-21. There were
no significant correlations between the DASS-
21 depression score and changes in positive
or negative af- fect from before to after game-
play, nor with changes in subjective sadness
or serenity levels from after the autobio-
graphical recall task to after gameplay (see
Table 1). Results of Pearson corre- lation are
shown in Table 1. Hypothesis H1b is, based
on these results, rejected.

Table 1

Pearson Correlation between DASS-21 De-
pression Score and change variables

DASS-21
Depression Score
r p
Change in -.08 .567
PA
Change in .16 .280
NA
Change in -.17 .235
Sadness
Change in .21 .148
Serenity

4) Is there a physiological relaxation effect
from playing Gris and does this variate for
people in the sadness condition?

To investigate the physiological relaxation ef-
fect RMSSD was analyzed. We expected an
increase in heart rate variability from t1 (base-
line: before gaming) to t3 (during gaming) and
to t4 (after gaming). A mixed ANOVA was
conducted. There was a significant within-
subjects effect for RMSSD across the four
measurement points, F(2.02, 87.09) = 17.56, p
<.001, n% = .29. However, there was no inter-
action effect with condition, F(2.03, 87.09) =
0.31, p = .816, n% = .01. Hypothesis H2a is re-

jected. Bonferroni corrected pairwise compari-
sons showed that RMSSD significantly in-
creased from baseline (t1) (M = 34.69; SD =
17.36) to during gameplay (t3) (M = 42.07; SD
= 24.12), Mdiff = 7.40, SE = 2.47, p = .027,
95% CI [0.58, 14.22] and to after gameplay
(t4) (M = 46.14; SD = 26.81), Mdiff = 11.43,
SE = 243, p < .001, 95% CI [4.69, 18.16],
which is shown within Figure 3. Furthermore,
there was also a significant increase in
RMSSD from during the autobiographical re-
call task (M = 31.49; SD = 14.71) to during
gameplay, Mdiff = 10.59, SE = 2.29, p < .001,
95% CI [4.26, 16.93] and to after gameplay,
Mdiff = 14.62, SE = 2.77, p < .001, 95% CI
[6.95, 22.29]. There were no significant
changes in RMSSD levels from baseline to
during the autobiographical recall task, Mdiff =
3.20, SE =1.36, p = .141, 95% CI [-0.57, 6.96]
or from during gameplay to after gameplay,
Mdiff = 4.03, SE = 1.96, p = .274, 95% CI [-
1.39, 9.44]. Based on these results hypothesis
H2 is accepted.

Figure 3

Comparison of mean RMSSD across the four
measurement points

.......................

NOTE. * =P < .05, ** = P < .001, ERROR BARS
95% ClI

Discussion

The aim of the present study was to test mood
repair effects of a meaningful video game after
sadness induction. It was investigated if play-
ing Gris could have a positive effect on play-
ers' mood and sadness levels, and whether
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this is related to the extent of depressive
symptoms. To sum up the results, gameplay
had no effect on positive and negative affect
(no mood improvement). Playing Gris did not
improve players’ positive mood or decrease
negative mood from T1 (before playing) to T2
(after playing). However, our results showed
that there was, in fact, a significant mood re-
pair effect by playing Gris which is in line with
findings by Rieger et al., (2015). In their study,
a sad mood was induced in participants, who
then played a casual video game, and a signif-
icant mood repair effect was found. In this
study design, on the other hand, the meaning-
ful video game Gris was played. Participants
in the sadness condition played after their
mood was broken and experienced a reduc-
tion in sadness subsequent to playing the
game. Consequently, mood of participants in
the sadness condition was restored after play-
ing Gris. In addition, improvement in positive
mood and decrease in negative mood was not
greater for people with higher DASS-21
scores. There was no effect of the extent of
depressive symptoms. An explanation for this
finding could be that the sample of this study
was not clinically relevant. There was little var-
iance of health state in the sample, meaning
that participants, on average, showed low de-
pression scores. Furthermore, playing Gris
had a physiological relaxation effect inde-
pendent of the condition (sadness condition
vs. neutral condition). The increase in RMSSD
from before gameplay to after gameplay
demonstrates that it is playing Gris that has
brought a physiological relaxation effect. Prior
to gameplay, no relaxation effect has been
observed. Therefore, the game can be seen
as the decisive point for physiological relaxa-
tion. Playing Gris, did, in fact, offer relaxing
discover opportunities (Garcia Catalan et al.,
2021). There was no significant decrease in
HRV from baseline to autobiographical recall
task (ART), but there was an increase in HRV
through video game play in both conditions.
Several limitations of the present study should
be noted. First, participants only played the

beginning of the video game. It is conceivable
that different parts could have stronger or oth-
er impacts, such as reaching the acceptance
phase of Gris could lead to stronger mood re-
pair and physiological relaxation effects. Fur-
thermore, participants solely played for 20
minutes. Due to time, monetary, and organiza-
tional reasons, however, it was not possible to
extend the game play duration. Playing from
the beginning was the easiest way to provide
an introduction to the game, and it gave the
same chance to all participants. Then, it can
also be argued that some participants, such
as male participants, may be prone to a lack of
identification with the female protagonist. Self-
identification in role-playing video games can
be described as “users’ immersion with an av-
atar or a played role and (...) achieving goals
according to rules within a virtual world”
(Kowal et al., 2021). As stated earlier in this
report, previous research has proposed that
role-playing video games can promote self-
identification, increase intrinsic motivations,
and potentially be used as therapeutic tools
(Reinecke et al., 2012). Self-identification ef-
fects of participants with the grieving main
character in Gris were not assessed in the
present study and could be investigated in fu-
ture research. In addition, all participants ex-
clusively played Gris and there was no neutral
condition. Furthermore, another limitation lies
in the generalizability of the present findings.
Participants in the present study only played
the video game Gris. Future studies should,
therefore, aim to replicate the present findings
with different game titles and moreover con-
sider including a neutral condition (e.g., partic-
ipants completing a puzzle).

Conclusion

Some important insights have been gained in-
to the effects of meaningful video games on
mood alteration in this study. It has been re-
vealed that, like it is the case for casual video
games (Rieger et al., 2015), playing meaning-
ful video games like Gris can achieve a mood
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repair effect as well as a physiological relaxa-
tion effect. Despite some limitations, these
findings are fundamentally relevant for future
research on video games, health, and well-
being. It may be plausible that the effective-
ness of casual video games in alleviating de-
pression and anxiety symptoms (Rieger et al.,
2015) extends to meaningful video games as
well. To further explore the use of meaningful
video games as a therapeutic tool, it would be
necessary to conduct research on a clinically
relevant sample. Further research is needed
before application. Another outlook for future
research would be to compare the mood re-
pair effects of meaningful video games with
casual video games. Nevertheless, the overall
findings of the present study indicate that
meaningful video games like Gris can have a
mood repair and physiological relaxation ef-
fect.
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The impact of language during an emotional eliciting
situation on the cognitive performance of young autistic
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The aim of our study is to investigate the difference in cognitive performance in neurotypical adoles-
cents vs. autistic adolescents during an emotional eliciting situation using their first language (L1) vs.
second language (L2). Language affects the way we think, make decisions, and other cognitive pro-
cesses (Perlovsky, 2009), while L2 can be used to distance ourselves from those intense emotions
(Zentella, 1997). Autistic adolescents have more emotional difficulties than neurotypicals (Sofronoff
et al., 2007) and the emotional difficulties are linked to lower performance in cognitive processes
(Richards, 2004). We recruited 12 autistic adolescents, who were between 10- and 16- years old
verbal and without intellectual disability. We recruited 12 neurotypical adolescents for the control
group. One relative was recruited for each child as well. The study consisted of two parts. In the first
part, the relatives were asked to fill out the following questionnaires, about the adolescent: AQC-P,
ERSSQ, SRS-2 and LHQ-3. In the second part, the adolescent completed the RPM and was placed
in an emotional eliciting situation through Cyberball. In the next step, the adolescent answered to
questions, which were translated into seven languages (French, English, German, Luxembourgish,
Spanish, Russian, Portuguese), about the Cyberball situation in either their L1 or their L2, which was
assigned randomly. Lastly, the adolescent watched an educational video and was quizzed on it af-
terwards (memory task). Autistic adolescents had a higher (M = 13.75, SD = 2.56) memory task
score than neurotypicals (M = 10.58, SD = 2.50), t(22) = 3.06, p<.05. Adolescents in the L1 condi-
tion had a higher (M = 13.42, SD = 2.47) memory task score than adolescents in the L2 condition (M
=10.92, SD = 2.97), 1(22) = 2.84, p<.05. These findings highlight the significance of languages after
the emotional eliciting situation on cognitive performance, further research should be focused on the
complex interaction between emotion regulation and cognitive processes. These findings show that
language condition and group condition show a significant effect on cognitive performance.

The aim of this study is to explore possible
aspects that may impact the academic per-
formance of autistic children, like the executive
function skills. Executive function refers to a
set of cognitive processes that regulate and
control one’s thoughts, actions, and emotions
(Diamond, 2014). This plays an important role
in various academic tasks, such as attention,
working memory, planning and self-regulation
(Diamond, 2014).

Introduction

The academic performance of autistic individ-
uals is an area of growing interest and con-
cern (Dijkhuis et al., 2020). While some autis-
tic individuals demonstrate exceptional
cognitive abilities, many still face significant
challenges in the academic performance (Ud-
din 2022, Dijkhuis et al., 2020). Understanding
the factors that contribute to these difficulties
is crucial for developing effective interventions
and support systems.

Despite the importance of executive skills in
academic performance, little is known about
the specific role and how they relate to the ac-
ademic challenges experienced by autistic in-
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dividuals (Dijkhuis et al., 2020). By investigat-
ing the factors of autistic individuals with vary-
ing academic abilities, this study seeks to
shed light on the potential contributions of
function skills to their academic performance.
In the following sections, we will review the dif-
ferent aspects, that may have an influence on
the cognitive processes and academic perfor-
mance.

Autism

According to the American Psychiatric Associ-
ation (APA, 2013), individuals may demon-
strate ongoing difficulties in each of three are-
as of social communication, interactions, and
at least two of the four types of restricted, re-
petitive behaviours, ongoing deficits in social
communication and social interaction. With
social communication difficulties is meant, that
individuals might struggle to understand social
cues (APA, 2013). It may also include reduced
sharing of interests, emotions, or affect, as
well as difficulty initiating or responding to so-
cial interactions (APA, 2013). Autistic individu-
als may show difficulties in verbal and nonver-
bal communication, and deficits in
relationships (APA, 2013). Repetitive patterns
of behaviour are stereotyped or repetitive mo-
tor movements, object usage, or speech, such
as repetitive hand flapping or body rocking, as
well as specific behaviours like lining up toys
or flipping objects (APA, 2013). It can also in-
volve echolalia, where the individual repeats
words or phrases, and the use of idiosyncratic
or unique expressions (APA, 2013). Individu-
als may experience extreme distress when
faced with even minor changes, have difficul-
ties transitioning between activities or envi-
ronments, exhibit rigid thinking patterns, en-
gage in specific greeting rituals, or insist on
following the exact same route or eating the
same food every day (APA, 2013). According
to the APA Dictionary of Psychology (n.d.),

there is a difference between autistic traits and
symptomatology. Traits are persisting per-
sonality

characteristics describing how the person be-
haves across different situations (APA Dic-
tionary of Psychology, n.d.). The sympto-
matology refers to the combined signs or
indications of psychopathology (APA Diction-
ary of Psychology, n.d.).

Cognitive performance

It was shown, that regarding academic
achievement in autism, autistic people have a
significant variability, at individual academic
achievement in autism, autistic people have a
significant variability, at individual level (Keen
et al. 2016). But at a comparative level, they
are generally not as good as neurotypicals re-
gardless of their IQ (Ashburner et al., 2010). It
was shown that autistic people are 20x more
likely to be excluded from school than neuro-
typicals (Barnard et al. 2000). The major
causes for this are behavioral and emotional
problems (Barnard et al. 2000). The educa-
tional development of autistic adolescents can
be influenced by their challenges in managing
their emotions and behaviors, as well as their
ability to stay focused and engaged in a task
(Eaves & Ho, 1997). The link between cogni-
tive abilities and emotions was researched us-
ing neurotypicals participants that demon-
strated that emotional suppression was linked
to impairments in cognitive processes (Davis
& Levine, 2012), learning (Blair, 2002) and
academic success (Graziano et al., 2007) as
well as in autistic participants that showed that
emotional abilities are linked to better sus-
tained attention (Costa et al. 2017).
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Emotional difficulties

It is known that some autistic adolescents of-
ten tend to struggle with emotional difficulties
(Morie et al., 2019; Mazefsky et al., 2013).
These emotional difficulties can include many
aspects such as emotional reactivity, which
means how easily and strongly someone re-
acts to a stimulus or a situation (Karrass et al.,
2006; Schapero

et al., 2016). Autistic adolescents are more
likely to experience higher emotional reactivity
which means they can feel stronger reactions
compared to neurotypical peers (Beck et al.,
2020; Conner et al., 2021). If a change in a
routine or a social interaction occurs, they are
more likely to feel more overwhelmed or anx-
ious than neurotypicals (Lausman, 2019). Al-
so, alexithymia is highly prevalent in autistic
adolescents and is known to be related to
some emotional difficulties (Cook et al., 2013).
They may struggle with understanding and
decoding important components of human in-
teraction such as facial expressions and body
language (Niedenthal, 2007). This makes it
difficult for them to handle social interactions
and relationships (Bird & Cook, 2013). Fur-
thermore, they may experience incongruence
in their emotional expression (Mazzoni et al.,
2022) because their gestures or tone of voice
can be incongruent with the emotions they feel
internally (Trevisan et al., 2018). This can lead
to problems conveying their emotions and
feelings to be understood in a social context
(Brewer et al., 2016). Another difficulty that
some autistic people may face is emotional
regulation which is the ability to regulate and
adapt your regulation depending on the envi-
ronmental context (Gross & Thompson, 2007).
It is a construct that refers to the process by
which a person consciously or automatically
adjusts their emotional state to handle situa-
tions better (Thompson, 1994). Some strate-

gies to regulate emotions are, for example,
expressive suppression, the tendency to try
and ignore emotional responses, or emotional
reappraisal, in which individuals change their
thought patterns (Gross & John, 2003). Chil-
dren with autism can face challenges in regu-
lating their emotions effectively and can have
difficulties managing emotions such as frustra-
tion or anger (Cai et al., 2018). This can lead
to consequences such as emotional outbursts
or meltdowns (Samson et al., 2014). Also,
children with autism often experience depres-
sion, anxiety, or anger because of difficulties

with emotion regulation (Lecavalier, 2006).
Further, emotional regulation is interrelated
with language (Eisenberg et al., 2006).

Language

The language we speak has a big impact on
individuals’ lives. It affects thinking, decision,
and other cognitive processes (Perlovsky,
2009). It helps individuals learn new concepts,
in early life (Xu, 2002), which may enhance
other cognitive processes (Lupyan, 2012).
Language also influences how we perceive
things due to rapid and reciprocal connections
between early sensory brain areas and the or-
bitofrontal cortex (Lamme & Roelfsema, 2000;
Pessoa & Adolphs, 2010). It simplifies the or-
ganization and use of concepts, which may be
an important component of how we perceive
emotions (Barrett et al., 2007; Lindquist &
Gendron, 2013). So, language can play an
important role in how we experience emotions
(Lindquist & Barrett, 2008). There are beliefs
that bilingual households confuse language
learning process (Kay-Raining, 2005). Howev-
er, it was shown that bilinguals may have
neurocognitive advantages (Bialystock, 2001).
The bilingual advantage hypothesis means
that they have an advantage in cognitive func-
tions (Gonzales-Barrero & Nadig, 2017). Autis-



Al Kabir, Buchler, Dos Santos Trindade, Hildebrand — The impact of language during an emotional eliciting si-
tuation on the cognitive performance of young autistic people

tic bilinguals have an advantage in set-
shifting tasks but not working memory (Gonza-
les-Barrero & Nadig, 2017). Intense emotions
are frequently expressed in the L1 and the L is
used to decrease distance (Zentella, 1997).
The emotional contents of language affect
cognition and foster the dual connection be-
tween language and cognition (Perlovsky,
2009). This means that the language in which
children manage their emotions influences the
cognitive process. Therefore, expressing emo-
tions in an L2 might ease a distance from the
situation, which reduces its cognitive impact
(Zentella,1997).

The present study

This study aims to explore aspects that may
impact the academic performance of autistic
adolescents compared to neurotypical adoles-
cents, focusing on an emotional eliciting situa-
tion using their L1 vs. L2. Our first hypothesis
is, that autistic adolescents will score not as
good on the memory task compared to neuro-
typical adolescents. Existing literature sug-
gests that autistic individuals may exhibit diffi-
culties in memory tasks (Dijkhuis et al., 2020),
due to emotional regulation difficulties
(Scheibe & Blanchard-Fiels, 2009). Therefore,
we predict that autistic adolescents will per-
form worse in the memory task compared to
their neurotypical peers. Our second hypothe-
sis is bidirectional, as we assume that the use
of either L1 or L2 will enhance memory task
performance in adolescents. Previous re-
search on bilingualism indicates potential cog-
nitive benefits associated with the use of mul-
tiple  languages  (Gonzales-Barrero &
Nadig,2017; Bialystock, 2001). Distance from
the situation, which may occur when using a
L2 (Zentella, 1997), has been suggested to
facilitate emotion regulation and positively in-
fluence cognitive performance (Perlovsky,
2009). Based on this literature, we propose

that utilizing the L1 or L2 will result in im-
proved memory task performance in adoles-
cents.

Methods

Participants

For this study, we recruited 24 adolescents,
who were between 10 and 16 years old (M =
12.25, SD = 2.39),

verbal, and without intellectual disability. Neu-
rotypical adolescents have been recruited as a
control group, also aged between 10 and 16
years (M = 11.67, SD = 2.43). One relative
was recruited for each adolescent with ages
ranging between 23 and 56 years (M = 40.62,
SD = 8.57).

The sample consisted of 12 participants in
each group, with 2 girls (16.70%) and 10 boys
(83.30%) in the autistic and 5

girls (41.70%) and 7 boys (58.30%) in the
neurotypical group. Out of the 24 relatives we
had in total, 20 were adult women (83.33%)
consisting of 19

mothers (79.20%) and 1 sister (4.15%), and 4
adult men (16.66%) consisting of 3 fathers
(12.50%) and 1 tutor (4.15%).

Among our participants, the nationalities were
German, French, Luxembourgish, Portuguese,
Bosnian, English and American of which
20.83% had a double nationality.

In the sample, we had 15 participants who
went to a regular school without any special
assistance (62.50%), 6 participants went to
regular a school with personal in-class assis-
tance (25.00%), 2 participants went to a regu-
lar school and additional private assistance
(8.30%) and 1 participant went to a private
school (4.20%). For the neurotypical group,
we had 11 participants who went to a regular
school without any special assistance
(91.70%), and 1 went to a school with addi-
tional private assistance (8.30%). For the au-
tistic group, we had

4 participants who went to a regular school
without any special assistance (33.30%), 6
participants went to a regular school with per-
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sonal in-class assistance (50.00%), 1 partici-
pant went to a regular school with additional
private assistance (8.30%) and 1 participant
went to a private school (8.30%).

In the autistic group, we had 11 (91.70%) ado-
lescents who went to school and 1 (8.30%)
adolescent who was employed. For the neuro-
typical group we had 12 (100.00%) adoles-
cents, who went to school.

In the autistic group, all the participants had a
diagnosis of Autistic Spectrum Disorder with or
without Asperger Syndrome. Some of the par-
ticipants had additionally an Attention-
Deficit/Hyperactivity Disorder and/or attention
deficit disorder.

The mean age at which the participants were
diagnosed was M = 7.83 (SD = 4.04). 16.70%
of the participants are taking regular medica-
tion.

Regarding their income, 8.30% of the relatives
reported that they were very satisfied, 37.50%
of the relatives were satisfied with their in-
come, 37.50% of the relatives were neutral
regarding their income, 12.50% of the rela-
tives were unsatisfied with their income and
4.20% of the relatives were very unsatisfied
with their income.

Concerning the  education of the rela-
tives, 8.30% had a primary school diploma,
25.00% had a high school diploma, 25.00%
had a professional diploma, 20.8% had a
bachelor's degree, 12.50% had a master’s
degree and 8.30% had a PhD.

Regarding the exclusion criteria's, we decided
to recruit adolescents between the ages of 10
and 16 who were capable of speaking multiple
languages. Our focus was on verbal adoles-
cents without intellectual disabilities. Addition-
ally, we included for each adolescent a family
member or relative.

Preliminary analyses

Figure 1
Mean age of adolescents in L1 and L2 condi-
tion

Age

Age (mean)

adolescent adolescent relatve of relatve of
nLl nlL2 L1 L2

Group

Adolescents were assigned to L1 and L2 con-
dition randomly with each condition consisting
of 12 adolescents. The average age of ado-
lescent in L1 condition was M = 11.92 (SD =
2.67) while the average age of adolescent in
L2 condition was M = 12.00 (SD = 2.17). The
average age of the relative in L1 condition was
M = 41.08 (SD = 8.90) while the average age
of the relative in L2 condition was M = 40.17
(SD = 8.51). There were no significant differ-
ences between L1 (Mage = 11.92, SD = 2.68)
and L2 (Mage = 40.17, SD = 8.51), t(22)
=.084, p > .05 regarding their age.

Figure 2
Gender distribution in L1 and L2 condition

Gender distributionin L1 and L2
condition

We were also interested in analysing how
gender was distributed among the L1 and L2
condition using Chi-square test. We found that
in L1 condition, there were significantly more
boys (n = 11, 91.7%) than girls (n = 1, 8.30%)
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than in L2 condition (boys: n = 6; girls: n = 6),
X2(1, N = 24) = 5.04, p<.05.

Figure 3

Mean age of autistic and neurotypical adoles-
cents

Age

10
5
0
ASD NT

Group

relative of ASD relative of NT

We had 12 adolescents in each group. The
average age of autistic adolescents was M =
12.25 (SD = 2.42) while the average age of
neurotypical adolescents was M = 11.67 (SD
= 2.43). The average age of the relatives of
autistic adolescents was M = 41.42 (SD =
9.00) while the average age of the relatives of
the neurotypical adolescents was M = 39.83
(SD = 8.43). There were no significant differ-
ences between autistic adolescents (Mage =
12.25, SD = 2.42) and neurotypical adoles-
cents (Mage = 11.67, SD = 2.43), t(22) =
.590, p > .05 regarding their age.

Figure 4
Gender distribution of autistic and neurotypical
adolescents

We also analyzed how gender was distributed
among autistic and neurotypical adolescents

using Chi-square test. In the autistic group, we
had n = 10 boys (83.30%) and n = 2 girls
(16.70%). In the neurotypical group, we had n
= 7 boys (68.30%) and n = 5 girls (41.70%)
where we found that there was no significant
difference between the groups. x2(1, N = 24)
=1.82, p > .05.

DISTRIBUTION OF AUTISTIC AND NEU-
ROTYPICAL ADOLESCENTS IN L1 AND L2
CONDITION

Regarding the language conditions, partici-
pants were randomly assigned as follows.

In the L1 condition, autistic adolescents ac-
counted for 58.30% of the group, while neu-
rotypical adolescents comprised 41.70%. In
L2, condition, the group consisted of 41.70%
of autistic adolescents and 58.30 of neurotypi-
cals. There was no significant relationship be-
tween the group the adolescents were in and
their language condition x2(1, N = 24) = .667,
p > .05.

MEASURING INSTRUMENTS RELATIVES'
INSTRUMENTS

The survey started with the relatives’

choice of language. They could choose one
language among German, French, or English.
After that, they were asked to read and agree
to the consent form. Next, relatives indicated
the language proficiency of the adolescent.
Lastly, the relatives were instructed to com-
plete the demographics questionnaire, as well
as the AQC-P, ERSSQ-P, LHQ-3, and SRS-2
guestionnaires.

DEMOGRAPHICS QUESTIONNAIRE

The relatives had to answer demographic
questions about themselves for example their
relationship with the adolescent, their age,
gender, nationality, financial resources, and
educational level. The relatives were also re-
quired to answer demographic questions
about the adolescent, for example, age, gen-
der, nationality, occupation, education setting,
psychological diagnosis, 1Q assessment and
medication.
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ALEXITHYMIA QUESTIONNAIRE FOR
CHILDREN (AQC-P)

The relatives completed a 20-item AQC-P
questionnaire to assess the alexithymia traits
in adolescents (Brown & al., 2004). AQC-P is
the parent's version of the alexithymia ques-
tionnaire, although, in our study, the question-
naire was also filled out by relatives other than
parents. It entails three original subscales of
the TAS-20 (Bagby et al., 1994); “difficulty
identifying feelings” (DIF), “difficulty describing
feelings” (DDF), and “externally oriented think-
ing” (EOT). The AQC-P is rated on a 3-point
Likert scale (1 = not true to 3 = true) (Rieffe et
al., 2006). The AQC-P has an internal con-
sistency of 0.70, supporting the reliability
(Brown et al.,, 2021). The AQC-P score of
each participant was calculated as the sum of
the 20 items with a higher score indicating a
greater degree of alexithymic traits (Brown et
al., 2021).

EMOTION REGULATION AND SOCIAL
SKILLS QUESTIONNAIRE (ERSSQ-P)
Relatives filled out the Emotion Regulation
and Social Skills Questionnaire (Beaumont &
Sofronoff, 2008), which is a rating scale, de-
signed specifically to assess the social skills
and emotion regulation. The ERSSQ-P in-
cludes 27-item for parents (ERSSQ-P) to rate
their adolescent’s behaviour on a 5-point
scale, ranging from never 0 to always 4
(Beaumont et al., 2008). The ERSSQ-P has
an internal consistency of 0.89 (Beaumont et
al., 2008). To calculate the ERSSQ-P score of
each participant, the 27 items were summed
up to represent a child’s social skills; higher
scores indicate higher levels of social skill
(Butterworth et al., 2014). Although ERSSQ-P
is the parent version of the emotion regulation
and social skills questionnaire, ERSSQ-P was
also filled out by relatives other than parents.

LANGUAGE QUESTIONNAIRE (LHQ-3)

Relatives first had to rate the adolescents'
general skills regarding learning new lan-
guages in comparison to other peers. Then
the relatives had to rate on a scale from 1 =
very poor to 7 = excellent the child’s ability in
terms of Listening, Speaking, Reading and-
Writing for each language the adolescents

speak. LHQ-3 is a self- report instrument used
for assessing the linguistic background and
language proficiency of people who speak or
are learning multiple languages (Li et al.,
2019, Bedore et al., 2011). For the LHQ-

3 we calculated the sum of each language the
adolescent spoke based on the proficiency
levels indicated for the different components
(Li et al., 2019).

AUTISTIC SYMPTOMATOLOGY (SRS-2)
Relatives were asked to answer to the Social
Responsiveness Scale, Second Edition (SRS-
2; Constantino & Gruber, 2012) to report on
the adolescent’s autistic symptomatology and
traits. The SRS-2 is a parent-report question-
naire for a quantitative measure of autistic
traits in 4- to 18- years old (Constantino &
Gruber, 2012). It is composed by 65 items us-
ing a Likert scale, (0=not true to 3=almost al-
ways true). The SRS-2 has good internal con-
sistency of 0.91 —0.97 (Constantino & Gruber,
2012). We calculated the sub-sum of the so-
cial awareness, social cognition, social com-
munication, social motivation and autistic
mannerisms. The final SRS-2 score of each
participant was calculated as the sum of the
sub-sums. A score below 40 indicates a high
level of social reactivity, from 40 to 60 indi-
cates a normal level of social reactivity, from
61 to 75 indicates a weak to moderate im-
pairment of social reactivity, and a score
above 76 indicates a severe impairment of so-
cial reactivity (Constantino & Gruber, 2012).

ADOLESCENTS' INSTRUMENTS
RAVEN’S™  STANDARD PROGRESSIVE
MATRICES

Adolescents were asked to complete a short-
ened version of Raven’s™ Standard Progres-
sive Matrices (RPM, Langener et al., 2022).
The shortened RPM test is used for measuring
cognitive ability. This non-verbal test has 15
items and has a very high degree r = 0.89 (for
9 -12 years old) and r = 0.93 (for 13 -16 years
old). This test takes around 11 minutes to
complete (Langener et al., 2022). The survey
had two versions of the RPM. The 9 -12 ver-
sion was used with adolescents aged between
10 and 12 years, and the 13 -16 version with
adolescents aged between 13 and 16. The
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RPM score of each participant was calculated
as the sum of the 15 items. A higher score
means, the stronger were the cognitive abili-
ties of the adolescent (Langener et al., 2022).

CYBERBALL

Cyberball is a ball-tossing game designed
to elicit negative emotions such as sadness,
anger, or frustration, where adolescents were
made to believe that they were playing with
real participants (Williams & Jarvis, 2006). The
game includes 2 rounds of different conditions
respectively, where each round consists of 15
throws. In the first round, the game throws the
ball at the same rate for each one of the par-
ticipants. Our participant himself can choose
to whom he wants to throw the ball. The sec-
ond round of the Cyberball game was manipu-
lated, whereas after the fourth throw, the ado-
lescent was excluded and did no longer
receive the ball. This is supposed to induce
negative feelings as it is believed that those
feelings become stronger if the participant is
excluded from the game. Moreover, adoles-
cents were asked to visualize the appearance
and feelings of the players.

INTERVIEW

The adolescents recorded themselves an-
swering 13 questions about their emotional
experience during the Cyberball game either
in L1 or L2 condition, which was chosen
pseudo- randomly by the online platform. The
purpose of this interview was that the adoles-
cents had to think about those questions in the
specific language. Some questions were for
example:” What gender do you think were the
other two players?” and “How old do you think
they were?”.

EDUCATIONAL VIDEO

Adolescents watched a nonverbal 6-

minute and 14 seconds long educational video
on how to collect water from the desert
(Westdeutscher Rundfunk, 2022)

MEMORY TASK

The memory task consisted of 13 visual
memory questions about the educational vid-
eo. For example, in some questions they had
to choose the correct pictures that they saw in

the video or put them in the right order. The
score of each participant regarding the
memory task was calculated as the sum of the
13 questions. The higher the score was, the
better the adolescent performed regarding this
task.

RELIABILITY QUESTIONS

We included 4 control questions to

detect the participant’s reliability. One control
question was included in the demographic
questionnaire, one in the ERSSQ, one in the
LHQ-3 and one control question was included
in the memory task. The 4 questions were in
the style of the following example: “What is
your child's favorite colour? To show that
you're still attentive, write Aquamarine.”

Procedure

The study was a 50-minute online survey
launched on Qualtrics © from April 10, 2023 to
May 10, 2023. It comprised two sections which
were available in different languages. The rel-
atives’ part was available in three languages
(English, German, and French) and the part
for the adolescents has been translated into
seven languages: German, French, Luxem-
bourgish, English, Portuguese, Spanish, and
Russian. We contacted autism foundations,
parent associations, schools, and forums in
those country speaking languages within Eu-
rope such as Portugal, Spain, France, Bel-
gium, Luxembourg, Germany, and the United
Kingdom. To recruit the neurotypical control
group, we sent our flyers to youth houses,
day-cares, parent associations and to our
friends and family. After compiling a list of con-
tact data from all over Europe, we additionally
prepared a template, for our emails and social
media posts. It is also important to note, that
along the emails and social media posts, flyers
directed towards relatives was attached as
well. The flyers have been translated in
French, English and German to reach a wider
audience. The online questionnaire started
with an information page, where relatives were
briefly informed about the purpose and the
goals of the study. Subsequently, informed
consent was collected for their data collection
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and sharing of their anonymized data for re-
search purposes.

The survey was split into two parts, where one
part was answered by the relative and the
other part was answered by the adolescent. In
the first part, the relatives were asked to fill out
the following questionnaires: demographics
questionnaire, AQC-P, ERSSQ, SRS-2 and
LHQ-3 questionnaires. In the second part, the
adolescent was administered a nonverbal 1Q-
test, RPM to measure their cognitive ability.
Adolescents were then asked to engage in the
Cyberball game in L1. In the next step, the
adolescents answered questions about how
their emotional experience was during the
Cyberball task. In this part, they answered the
questions, either in their L1 or L2, which was
randomly chosen. The language in which they
had to answer the questions, were randomly
chosen by the Qualtrics© software, while
keeping an even presentation of conditions. In
the last part, the adolescent had to watch a
non- verbal educational video and then per-
form a memory task in L1 condition, consisting
of 12 visual memory questions about the edu-
cational video. The participants received a
compensation of 20 euros in form of a GoGift
voucher of their choice, that can be redeemed
on a global gift card website.

Results
Analysis

We performed several statistical analyses to
address the aim of the study using the soft-
ware SPSS version 27. For each statistical
analysis, the significance level was set at p <
.05. We conducted an independent t-test to
confirm whether the adolescents belong to the
according group, to examine analyses that are
relevant for the aim of our study and the out-
come measures. We also conducted a two-
way ANOVA to examine the combined effects
of group condition and language condition on
cognitive performance. Tukey test was used
as post hoc test to determine significant differ-

ences in both groups. It is important to note
that the independent t-test and two-way
ANOVA were used after checking assump-
tions of normality and homogeneity.

Autistic vs Neurotypical adolescents
Our study concentrates on the impact of
languages during emotion eliciting situations
on the cognitive performance between autistic
adolescents and neurotypicals adolescents.
Comparing these two groups can help to show
the specific features that distinguish autistic
adolescents from neurotypical adolescents,
which could be an important factor in explain-
ing our outcome results. Moreover, these find-
ings can help identify and emphasize the
characteristics and problems that people with
autism deal with. In the following section, we
will illustrate the differences between autistic
adolescents and neurotypicals regarding au-
tistic symptomatology and traits, cognitive abil-
ity, socio-emotional skills, alexithymia and
memory task by using an independent t-test.

Autistic traits & symptomatology

Figure 1
SRS-2 scores in autistic adolescents and neu-
rotypical adolescents

Autistic traits and symptomatology

We included an SRS-2 questionnaire in the
study to confirm the presence of higher autistic
traits among the autistic adolescents, com-
pared to the neurotypical adolescents. Results
showed that autistic adolescents had signifi-
cantly higher autistic traits (M = 90.50, SD =
10.95) than neurotypicals (M = 44.75, SD =
23.19), 1(22) = 6.197, p < .05.
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Cognitive ability

We compared the cognitive ability,

which was assessed with the shortened RPM
between the autistic adolescents and the neu-
rotypicals. Results revealed that there is no
significant difference between autistic adoles-
cents (M = 10.67, SD = 3.62) and the neuro-
typicals (M = 10.58, SD = 4.78), t(22) = .048, p
> .05.

Socio-emotional skills
Figure 2

ERSSQ scores in autistic adolescents and
neurotypical adolescents

Socio-emotional skills
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We examined whether there are significant dif-
ferences in socio- emotional skills between au-
tistic adolescents and neurotypicals. We com-
pared the scores that were obtained in the
ERSSQ questionnaire. As expected, it re-
vealed that autistic adolescents had on aver-
age significantly less socio-emotional skills (M
= 4142, SD = 14.54) than neurotypicals (M
=74.42, SD = 16.47), t(22) = -5.203, p < .001.

ERRSQ

Alexithymia
Figure 3

AQC-P scores in autistic adolescents and neu-
rotypical adolescents
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We wanted to examine the presence of alexi-
thymia traits in autistic adolescents by com-
paring the means that the two groups received
after filling out the AQC- P questionnaire. The
results are in line with the literature, since in
our sample we found that autistic adolescents
had significantly more advanced alexithymia
traits (M = 23.50, SD = 6.27) than neurotypi-
cals (M =12.17, SD = 5.41), 1(22) = 4.740, p <
.001.

Memory task

Figure 4
Memory task sums in autistic adolescents and
neurotypical adolescents

Memory task

One of the main aims of our study is to inves-
tigate whether there is a significant difference
between autistic adolescents and neurotypi-
cals in their cognitive performance using a
memory task. According to our first hypothe-
sis, we expected that neurotypicals score
higher in the memory task than autistic ado-
lescents. We compared the means of the
memory task among the groups. Comparing
the scores of both groups, we found that autis-
tic adolescents scored higher (M =13.75, SD =
2.56) in the memory task than neurotypical
adolescents (M = 10.58, SD = 2.50), 1(22)
=3.062, p < .05.

Language 1 vs Language 2

Preliminary analyses and main
analyses

We examined the differences between L1
conditionand L2 condition regarding autistic
traits and symptomatology, cognitive ability,
socio-emotional skills and alexithymia using
an independent t- test. Results revealed that
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there were no significant differences regarding
autistic traits and symptomatology between L1
(M =69.31, SD = 31.73) and L2 (M = 65.64,
SD = 27.62), t(22) = 0.299, p > .05, cognitive
ability between L1 (M = 2.85, SD = .69) and
L2 (M =245, SD = .82), t(22) = 1.272, p > .05,
socio-emotional skills between L1 (M = 53.46,
SD = 25.76) and L2 (M = 63.18, SD = 18.22),
t(22) = -1.048, p > .05 and alexithymia be-
tween L1 (M = 17.25, SD = 8.84) and L2 (M =
18.42, SD = 7.73), 1(22) = -.344, p > .05.

Memory task

Figure 5
Memory task scores in L1 and L2 condition

Memory task among L1 and L2 conditon

memory task scores (mean)

One of our main aims of our study is to inves-
tigate whether there is a difference between
speaking the L1 vs L2 about an emotion-
eliciting situation on the subsequent perfor-
mance on a cognitive task. For our second
hypothesis, we took a bi-directional approach
by assuming that adolescents score higher in
the memory task, after using either the L1 or
L2 during an emotion eliciting situation. We
compared the cognitive performance of the
memory task in participants who were in L1
condition to participants in L2 condition. Re-
sults showed adolescents had higher memory
task scores when they spoke about the emo-
tional situation in their L1 (M=13.42, SD=2.47)
than when they spoke in their L2 (M = 10.92,
SD =2.97)1(22) = 2.244,

p <.05.

Effect of groupand lan-
guage condition on memory task
Table 1

Tests of Between-Subject Effects Dependent
Variable: Sum of the memory task

Source df Mean Square F Sig.
Corrected
Model 3 31.416 5.867 .005
Intercept 1 3392.076 633.525 .000
Group 1 46.671 8.717 .008
Condition 1 24.005 4.483 .047
Group * Con-
dition 1 10.076 1.882 .185
Error 20 5.354
Total 24
Corrected To-
tal 23
a. R Squared = .468 (Adjusted R Squared
=.388)

A two-way ANOVA was performed to examine
the effect of group (autistic or neurotypical),
and language condition (L1 or L2), as well as
their interaction on memory task scores. The
means and standard deviations for independ-
ent variables (group and language condition)
are presented in table 1. A two-way ANOVA
revealed that there is no significant interac-

tion between the effects of group and lan-
guage condition F(1,20) = 1.882, p > .05.
Simple main effects analysis showed that
group had a statistically significant effect on
memory task F(1,20) = 8.72, p < .01. Simple
main effect analysis also showed that lan-
guage condition had a statistically significant
effect on memory task F(1,20) = 4.48, p < .05.

Discussion

Alexithymia, Socio-emotional skills in Au-
tism
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The aim of this study was to investigate the
difference in cognitive performance in autistic
and neurotypical adolescents during an emo-
tional eliciting situation using L1 or L2. Accord-
ing to existing literature, autistic adolescents
tend to have more problems expressing and
identifying their emotions as well as under-
standing the emotions of others, also known
as alexithymia (Hill et al., 2004). We wanted to
examine whether the traits in alexithymia were
present in autistic adolescents in our sample.
Our study revealed that autistic adolescents
showed higher levels of alexithymia compared
to neurotypicals. These findings are consistent
with existing literature suggesting that alexi-
thymia is commonly observed in autism (Hill et
al., 2004; Fitzgerald & Bellgrove, 2006) and
that autistic individuals have trouble identifying
and describing their feelings (Hill et al., 2004;
Shah et al., 2006). Moreover, evidence sug-
gests increased levels of alexithymia in autistic
individuals compared to neurotypicals
(Berthoz & Hill, 2005; Hill et al., 2004; Maisel
et al., 2016; Rieffe et al., 2007; Rieffe et al.,
2010; Samson et al.,, 2012). High levels of
alexithymia traits that are often observed in
autistic adolescents can negatively impact
their subjective emotion regulation (Connelly &
Deney, 2007). As expected, our study re-
vealed that autistic individuals have more is-
sues with socio-emotional skills compared to
neurotypical adolescents. These findings go in
line with existing literature stating that reduced
emotional self-awareness may hinder the au-
tistic individual’s ability to understand and reg-
ulate their difficult emotions (Hill et al., 2004).

Performance in memory task between autis-
tic vs neurotypical adolescents

Previous existing literature demonstrated that
emotional difficulties are associated with lower
performance in cognitive processes (Richards,
2004). Since autistic adolescents tend to have
emotional difficulties (Morie et al., 2019;
Mazefsky et al., 2013), this could mean that
they might have worse performance in cogni-
tive tasks than neurotypicals. Contrary to our
hypothesis, our results showed that autistic
adolescents scored higher in the visual

memory task than neurotypicals. An alterna-
tive explanation as to why autistic adolescents
scored higher in the memory task, could be
that some autistic adolescents have cognitive
strengths regarding their visual perception
(Dakin & Faith, 2005). There is evidence sug-
gesting that autistic individuals often demon-
strated to have enhanced perceptual abilities
(Dakin & Faith, 2005) when engaging in visual
search (Joseph et al., 2009; Kemner et al.,
2008; O’Riordan, 2004) and visual discrimina-
tion tasks (Bertone et al., 2005; Plaisted et al.,
1998). Overall, individuals with autism have
shown to have a superior performance in vis-
ual search tasks (Plaisted et al., 1998). Fur-
thermore, there are also studies that suggest
that autistic individuals showed superior per-
formance when it comes to tasks that are de-
tail related, which is linked to enhanced
memory (Happé & Frith, 2006). Although au-
tistic adolescents have been shown to have
high alexithymia traits, less emotional ability
and socio-emotional skills, these factors in fact
did not impair their cognitive performance and
autistic adolescents even scored higher than
neurotypicals.

Language condition and memory

Evidence shows that language is an important
tool for understanding and regulating chil-
dren’s emotions and using it to find appropri-
ate ways to do so (Kopp, 1989; 1992). Moreo-
ver, there is a positive correlation between the
use of language as a distraction in a frustrat-
ing situation (Stansbury & Zimmerman, 1999).
Findings suggest that our L2 can be used to
distance ourselves from intense emotions
(Zentella, 1997). However, there is also evi-
dence that using L1 can be beneficial as well
as L1 is often used to express intense emo-
tions (Zentella, 1997). Expressing our emo-
tions in our L1 can help categorize them
(Lindquist et al., 2015), which consequently
shape our bodily sensations (Lindquist & Bar-
rett, 2008). In our study, we were particularly
interested in examining whether the adoles-
cents would score higher in memory task after
L1 or in their L2 during an emotion eliciting
situation. Supporting existing literature, our re-
sults revealed that adolescents in L1 condition
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had a higher memory task score than adoles-
cents in L2 condition. These findings imply
that it is more beneficial to use L1 during an
emotion eliciting situation. It can help us regu-
late our emotions if we express them in our
L1. By regulating our emotions in our L1, more
cognitive resources are reserved for tasks that
require cognitive resources in other areas.

Effect of group and language condition on
memory tasks

It is important to note that our sample in L1
and L2 condition consisted of adolescents
from both autistic and neurotypical groups.
The combination of group condition and lan-
guage condition did not have a statistically
significant effect on the memory. However, the
results revealed that language condition and
group condition separately had a statistically
significant effect on the memory task. These
findings indicate that whether the adolescent
was neurotypical or autistic as well as the lan-
guage in which the interview was conducted
after the emotion eliciting situation had an im-
pact on their cognitive performance.

Limitations

Although the study has shown valuable in-
sights, it is important to consider the limitations
that may affect the generalizability of the find-
ings. This discussion highlights the limitations
of the study, including the fact that the data
collection is online, long tasks, a small sample
size, and the exclusion of participants with in-
tellectual disabilities. We decided to conduct a
study online to reach a broader and more di-
verse range of participants throughout Europe.
However, the online environment introduces
certain limitations that need to be considered.
For instance, it was not possible to find out
whether the relatives accompanied the chil-
dren or if they did the study by themselves or
with friends. This reduced experimental control
can lead to falsified data in the questionnaires
that needed to be originally filled out by the
relatives. Additionally, the absence of a direct
supervisor may affect the engagement in the
questionnaire. Another disadvantage of the

study is the length of the cognitive tasks which
can lead to boredom, fatigue, and a reduced
attention span especially in children. Investing
too much time in these tasks can influence the
quality of the data, leading to results with
worse quality and accuracy. Thus, it is im-
portant for future studies to shorten the task
duration to improve participants’ engagement.
Furthermore, the small sample size of

24 participants makes it difficult to generalize
the findings of the study to the overall popula-
tion. Due to having a small group of partici-
pants, it is not representative. Future studies
should aim for larger sample sizes to improve
the validity of the results. The decision to ex-
clude participants with intellectual disability
was made to ensure a homogeneous sample
because the participants should be compara-
ble with each other. However, this exclusion
affects the generalizability in a negative way
since it is not representative for the popula-
tion. Future research should include a broader
range of participants to understand the impact
of emotion on cognition across different popu-
lations. If the study included adolescents with
intellectual disabilities, it would be necessary
to do some changes that need to be done in
order to adapt to their needs. It is important to
find out the intellectual disability as well as the
severity of it to be able to understand its im-
pact on the study. Further, the instructions can
be made in a very easy and understandable
language and additional support like videos or
voice notes can be provided so that the study
can be accessible to a wide range of people. It
reduces the risk of misinterpretation since
technical language can be challenging for
people with intellectual disabilities. Moreover,
it is necessary to shorten tasks with long dura-
tion such as the video task, and break it into
smaller pieces due to a probably shorter atten-
tion span than in neurotypicals, so that en-
gagement can be maintained with as little loss
in quality as possible. Another aspect would
be to have several options to respond, if a
person struggles with conveying a message,
they can either respond verbally or use vide-
0s. By incorporating these strategies, it is pos-
sible to include more individuals in our study
which could also lead to more participants,
which makes it more representative.
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Future direction

Future research should be conducted by fur-
ther examining the interaction between socio-
emotional difficulties and cognitive abilities to
get a better understanding of the factors that
could explain the enhanced cognitive perfor-
mance observed in autistic adolescents. How-
ever, since there is evidence suggesting that
using either the L1 or L2 have a positive im-
pact on cognitive performance after an emo-
tion- eliciting situation, another area that could
be further explored are factors or mechanisms
that contribute to the positive impact of using
either L1 or L2 on cognitive performance fol-
lowing an emotional-eliciting situation by fur-
ther investigating the complex interaction be-
tween language and cognitive abilities.

Conclusion

To summarize our important findings, autistic
adolescents scored higher in memory task
than neurotypical adolescents. These findings
challenge the assumption that socio-emotion
difficulties lead to poor cognitive performance
in autistic adolescents. Additionally, it is im-
portant to consider the heterogeneity within
the autism spectrum when discussing cogni-
tive deficits however, it is also crucial to
acknowledge cognitive strengths too. Autistic
adolescents may have performed better in
visual memory tasks compared to neurotypical
adolescents, likely due to their enhanced vis-
ual perception associated with autism. Apart
from the significant difference observed be-
tween autistic and neurotypicals in their cogni-
tive performance, our findings also revealed
that the use of L1 led to better cognitive per-
formance suggesting the significance of
language use during an emotional eliciting sit-
uation on cognitive performance.
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