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Abstract

Sehlstedt, 1. (2024). Theory of Mind Development in Swedish Preschoolers: Relations with
Language, Executive Function, Temperament, and the Social Environment. Department of
Psychology, University of Gothenburg, Sweden.

Understanding others in social situations is a cornerstone of any lifespan. A part of social
understanding comes from appreciating other’s intentions, desires, and knowledge, which can
be called an understanding of others’ Theory of Mind. However, the measurement of Theory
of Mind has predominantly been performed using cross-sectional designs and one type of
Theory of Mind test, measuring false belief. Other alternatives that capture a scale measure of
Theory of Mind better reflecting a continuum of development across a wider age range are
now available. The current thesis investigates this scale longitudinally in relation to previously
affirmed, but also less or unexplored, individual and social factors. In brief, the present
dissertation finds limited support for individual but some support for social factors. The crucial
finding is that Theory of Mind is only marginally related to the investigated factors, apart from
Theory of Mind itself. Three studies support the conclusions put forth. Study I is a
psychometric investigation of the Theory of Mind scale in Swedish preschoolers ages 3-5.
The scale was psychometrically examined longitudinally as a 3- and 4-step scale in separate
age groups (i.e., at three, four, or five years of age) and for boys and girls, respectively. The
results showed that the scale was longitudinally consistent for both versions of the scale.
Concerning the separate age groups, the scale was reliable as a 3-step scale in almost all
investigated groups. However, the 4-step scale was only reliable when including all age groups
(i.e., 3-5-year-old children). This suggests that Theory of Mind scales that include more than
three steps might not be appropriate for all preschool ages. Study II predominantly investigated
the Theory of Mind scale in relation to individual factors, namely executive function,
productive language, and temperament. Socioeconomic status was included as a control
variable. The individual factors related to Theory of Mind ability were executive function
(when analyzed against the 3-step scale) and the temperament variable Shyness (both for the
3- and 4-step scales). Socioeconomic status was also related to ToM at three years of age.
Study III investigated relations between ToM development and social factors: socioeconomic
status, number of siblings, and parental use of mental state words (i.e., mention of cognition,
emotion, or desire words). The children’s executive function and productive language were
included as control variables. Parental use of cognition words was most often found to be
related to Theory of Mind, but emotion and desire words were also related, to a lesser extent.
In addition, the parents' frequency of spoken cognition words and emotion vocabulary size
were related to a faster Theory of Mind development in children. Socioeconomic status and
children’s productive language were also associated with ToM at four years of age.

In summary, social factors received continued support as factors in Theory of Mind
development. However, barely any individual factors surfaced in controlled analyses with
Theory of Mind. With a specific focus on longitudinal studies of the development of children’s
ability to understand other minds, the current thesis uniquely contributes to our understanding
of Theory of Mind development in the preschool ages.

Keywords: theory of mind, psychometrics, mental state talk, temperament, executive function,
socioeconomic status, productive language
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Swedish Summary

Nar ett barn 6ppnar sina 6gon for att se sina fordldrars ansikten for forsta gangen
borjar en social utveckling som kommer fortgd under decennier. Denna
utveckling har identifierats som mycket intensiv i forskoledldern och den tidiga
utvecklingen kan péverka ens sociala féormaga langt senare i livet. Darfor har
forskare dgnat mycket tid och energi at att soka svar pa vad som frimjar och
motverkar barns sociala utveckling. Den samhélleliga nyttan av denna forskning
kan sammanfattas med att nutidens samhaéllsklimat, och ens eget livs lycka och
framgéng, till stor del vilar pa en god social forstdelse. En brist pd social
kompetens kan dérfor leda till bdde privata och professionella problem
avhingiga av den aspekten. En fungerande social forméaga ér séledes en essentiell
del i att vara ménniska, och paverkar fler delar av ett liv &n den ldmnar oberdrd.

Anda sedan tidigt 80-tal har manga fokuserat pa studiet av barns forméga att
forstd andras Onskningar, intensioner, och kunskap. Sammantaget har detta
beskrivits som att man studerar barnens mentaliseringsférmaga eller Theory of
Mind. Trots att forskning pégatt i nistintill ett halvt sekel s& saknas tva aspekter
i de allra flesta studier, nimligen upprepade métningar av mentaliseringsféormaga
dér man samtidigt har tillgang till upprepade mitningar av erkdnda (och mindre
kdnda) relaterade forméagor och forutséttningar. Det &r alltsd sdllan man fo6ljt
samma barn dver flera &r, samtidigt som man undersokt mentaliseringsférmaga
och andra intressanta faktorer. Dessutom har mentaliseringsformagan ofta métts
med liknande test, dmnade fOr att méta en del av mentaliseringsforméga,
namligen falsk forestillning (eller false belief). Ménga tidigare
mentaliseringsmitningar kan dérfor ha gitt miste om vérdefull detaljerad
information gillande barnens utveckling. P4 senare tid har forskare utvecklat test
som battre kan fanga stegvis mentaliseringsutveckling. Bristen pa information
géllande den individuella utvecklingen av mentaliseringsforméga och relaterade
formagor kraver en stor forskningsinsats. Vi tog avstamp i ett stegvist test pa
mentaliseringsforméga och &mnade att brygga detta informationsgap.

Malet med denna doktorsavhandling &r att béttre forstd samband mellan
barnens individuella och sociala faktorer och utvecklingen av
mentaliseringsforméagan. Tidigare forskning har visat att mentaliseringsformaga
haft samband med négra individuella formégor, som att ha méanga bollar i
luften” (m.a.o., exekutiv funktion), sprék, och temperament. Relativt ménga
positiva samband mellan exekutiv funktion och sprak har rapporterats, men desto
farre gillande temperament. Dérutdver har sociala forutsittningar och formégor
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som socioekonomisk niva, familjestorlek (med fokus pa syskonskaran), och
fordldrarnas formaga att tala om andra personers tankar, kidnslor, och begir
(m.a.0., mentaliseringsprat) ocksa rapporterats som en del i barnens
mentaliseringsutveckling. Tidigare forskning visar starkast positivt samband
med socioekonomisk nivd och mentaliseringsprat, medan familjestorlek
rapporterats som mindre positivt relaterad till mentaliseringsutveckling. Var
undersdkning av mentalisering, individuella, och sociala faktorer delades upp 1
tre studier med fokus pé en av de tre faktorerna.

Det ér viktigt att ndmna att alla deltagare som dr med i de tre studierna har
deltagit i samma longitudinella projekt. Darav dr det ménga deltagare som &r
med i alla tre studier. Overlappet mellan studier ir dock inte totalt, d4 alla studier
inkluderar olika manga deltagare for varje ar. Vi avgriansade ocksa studierna till
de familjer som hade svenska som forstasprak i hemmet. Dessutom genomfoérdes
det longitudinella projektet under aren 2016—2020. Detta innebar att sista arets
mitningar avbrots i1 fortid pa grund av Covid-19 pandemin. Dérav ar
deltagarantalet for métningarna vid fem ars alder betydligt ldgre 4n aren innan.

Studie [ var en metodstudie som utvdrderade en skala péa stegvis
mentaliseringsutveckling. Huvudsakliga frdgan var om skalan kan palitligt méita
svenska barns mentaliseringsformaga. Vi traffade 130 barn som var tre ar gamla
och matte deras mentaliseringsforméga varje ar, till och med att de fyllt fem ar.
Alla barnen deltog inte alla ar, utan vid fyra ar testades 118 barn, och vid fem érs
alder testades 49 barn. Barnens mentalisering uppskattades med hjélp av en vida
anvind skala som &nnu inte utvirderats longitudinellt i Sverige. Skalan kallas,
helt enkelt, for mentaliseringsskalan.

Nair man testar barnen med mentaliseringsskalan far de lyssna pa beréttelser
med tillhérande bilder, dockor, och andra objekt. Barnen far under beréttelserna
svara pa fragor géllande det som hinde i berittelserna. Skalan inneholl fyra olika
berittelser som krdvde att barnen skulle visa att de forstod vad andra kan (1)
foredra, (2) tro, (3) veta, och (4) andras falska forestédllningar (eller pa engelska
false belief). Den forsta berdttelsen maétte formégan att forstd att andra kan
foredra saker som man sjélv inte foredrar. [ detta fall, att vissa kan foredra att dta
en morot framfor kaka. Den andra berittelsen mitte formagan att forsté att man
kan tro olika. I detta fall, att barnet kan tro att en katt har gomt sig i en buske,
medan andra kan tro att den har gémt sig i ett garage. Den tredje berédttelsen métte
barnens formaga att forsta att de sjdlva ibland vet vad andra inte vet. I detta fall,
att andra inte kan veta vad som finns i en omérkt 1ada innan de tittat i den. Fjéarde
berittelsen métte formégan att forsta att andra kommer att ta beslut med stéd av
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vad de sjdlva vet, och att de inte alltid kan veta vad barnet vet. I detta fall var det
en berittelse dir barnet fick se att det i en plasterforpackning 1ag, istéllet for
plaster, en spik. Barnet skulle dd gissa vad andra skulle tro det fanns i
forpackningen (m.a.o., ett test som méter barnets formaga att forstd falsk
forestallning eller false belief).

Véra resultat visade att mentaliseringsskalan med fyra berittelser (m.a.o.,
berittelserna om vad andra foredrar, tror, vet, och falska forestdllningar) var
palitlig for svenska barn i 3-5 &rs élder. Dock visade det sig att
mentaliseringsskalan var mer instabil nér vi analyserade enskilda aldrar. Darfor
utvirderade vi om en kortare skala som endast inkluderade de forsta tre
berittelserna (m.a.o., berittelserna om vad andra foredrar, tror, och vet) kunde
vara mer ldmplig 1 yngre aldrar. Det vi fann var att mentaliseringsskalan med tre
beréttelser var stabil vid bade fyra och fem ars alder.

Slutsatsen av vara resultat frén Studie I blev séledes att mentaliseringsskalan
fungerar vél for att méta svenska forskolebarns mentaliseringsforméga. Det &r
dock viktigt att noggrant dvervidga hur manga beréttelser som ar lampliga for de
aldersgrupper som man avser att undersoka. Efter att ha bekréftat att vi kan lita
pa att var valda mentalieringsskala kan fanga utvecklingen hos svenska barn,
ville vi undersdka vilka formagor som har samband med mentaliseringsformégan
barnet uppvisar.

Studie II undersokte de individuella formégorna exekutiv funktion, sprak
(aktivt ordforrdd), och temperament hos barnet. Vi inkluderade dven det sociala
mattet pd socioekonomisk nivd som en kontrollvariabel. Exekutiv funktion
mittes med ett sorteringstest ddr barnen skulle sortera kort baserat pa antingen
farg eller form. Det svdra med uppgiften var att néir man sorterade enligt firg, sa
sorterade men inte efter form, och vice versa. Barnets sprakbruk och
temperament beddmdes av fordldrarna med hjdlp av standardiserade formulér. I
denna studie inkluderade vi 121 deltagare vid tva ars alder, 121 deltagare vid tre
ars alder, och 111 deltagare vid fyra &rs alder. Det vi fann var att exekutiv
funktion vid tva ars alder och socioekonomisk nivé hade positivt samband med
mentaliseringsférmaga vid tre ars &lder. Dessutom hade blyghet vid tva ars élder
ett negativt samband med mentaliseringsférmagan tva ar senare.

Exekutiv funktion och sprakforméga har i tidigare forskning varit de
faktorerna med starkast samband med mentaliseringsforméga. Trots det anser vi
att blyghetsfyndet dr minst lika starkt enligt Studie II. Blyghetsfyndet var
ndmligen det enda fynd som visade samband med mentalisering nir vi
kontrollerade for tidigare mentalisering (m.a.o., mentalisering vid tre ars alder).
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Med de individuella faktorerna granskade fokuserade vi pé att undersdka sociala
faktorer i samband med mentaliseringsformaga.

Studie Il undersokte barnens socioekonomiska nivé, deras familjestorlek,
och deras foraldrars mentaliseringsprat eller mental state talk. For att kunna mita
fordldrarnas mentaliseringsprat 1t vi fordldrarna och barnen sitta ensamma 1 ett
rum tillsammans och prata om bilder i en bilderbok. Bilderna hade mer eller
mindre tydliga tankeméssiga, kdnsloméssiga, eller behovsstyrda/begirliga
budskap. Foréldrarnas mentaliseringsprat delades upp i tre dimensioner: (1,
frekvens) hur ofta fordldrarna anvinde mentaliseringsord, (2, proportioner) hur
manga mentaliseringsord de anvéinde i relation till det totala antalet ord och (3,
vokabularstorlek) hur ménga olika mentaliseringsord de anvinde. Anledningen
till att vi delade upp fordldrarnas mentaliseringsprat i tre olika maétt &r att
frekvenser har anvints mest tidigare, men proportioner har fordelen att
kompensera for hur linge eller snabbt fordldrarna talar med barnen.
Vokabuldrmattet anvéndes for att utvirdera om &ven detta, som tidigare inte
undersokts, har ndgot samband med barnens mentaliseringsformaga (da det
tidigare visats ha samband med fOrstaelse for andras kénslor). I denna studie
inkluderade vi 82 deltagare vid tre ars alder, 82 deltagare vid fyra ars alder, och
33 deltagare vid fem éars alder.

Véra resultat fran Studie Il visade att alla typer av métt pa fordldrarnas
mentaliseringsprat (m.a.o., frekvens, proportion, och vokabuldr storlek) hade
samband med barnens mentaliseringsformaga. Gillande frekvens var det
fordldrarnas formaga att tala om andras tankeméssiga reflektioner nir barnen var
tvd & som hade ett positivt samband med hur snabbt barnens
mentaliseringsformagan utvecklades. Aven vid granskning av vokabul4rmatten
var det storleken pé fordldrarnas kénslomassiga vokabulér nir barnen var tre ar
som hade samband med hur snabbt barnens mentaliseringsformaga utvecklades.
Det dr viktigt att ndmna att bada dessa fynd syntes nir vi kontrollerade for
tidigare mentaliseringsformaga, att de var statistiskt tydliga, men sma i faktiskt
uppmiéitta vérden.

Négra fynd som syntes i analyser dir tidigare mentaliseringsforméga inte
inkluderades i analysen bor ocksd ndmnas. Resultat géllande proportioner av
fordldrarnas mentaliseringsprat visade att prat om tankeméssiga reflexioner hade
negativt samband vid tva ars alder med barnens mentaliseringsforméga vid fyra
ars alder. Daremot, tankemaéssiga reflektioner hade positivt samband vid tre érs
alder med barnens mentaliseringsformaga vid fyra ars alder. Dessutom hade
fordldraprat om behovs-/begérrelaterade reflektioner vid tre &rs alder negativt
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samband med mentaliseringsformaga vid fyra éars alder. Déarutover hade ocksa
socioekonomisk nivd samband med mentaliseringsformaga vid fyra ars alder i
frekvens och proportionsanalyserna, och barnens sprakbruk vid tva ars alder var
relaterat till mentaliseringsforméga oavsett vilken analys som genomfordes
(m.a.o., frekvens, proportion, eller vokabular storlek).

Det negativa sambandet mellan prat om  behov/begir och
mentaliseringsforméga har rapporterats tidigare. Man tror att det negativa
sambandet kan forklaras med att fordldrar som fokuserar pd att prata om begér
med dldre barn gor att barnen inte far lika mycket erfarenhet av de svérare
perspektiven dér man ska forsta vad andra kan ténka och tycka. Det ovéntade var
proportionsfyndet gillande prat om tankeméssiga reflektioner, som visade
negativt samband vid tva ars dlder med mentalisering vid fyra ars alder. Dock
vill vi forklara det pa liknande sétt som géller for behov-/begérresultaten. Det
kan vara sa att fordldrar kan hjédlpa barnen forstd andras perspektiv genom att
ofta prata om vad andra kan ténka eller tycka. Likvil kan det vara viktigt att ge
nog med kontext med ord som inte dr mentaliseringsord. Speciellt fore tre érs
alder. Det kan givetvis dven vara sa att barnens egen formaga att ta sig an en
social situation eller social information om andras tankar kan péverka vad
fordldern pratar om. Tyvérr har vi inte kunnat utvdrdera vilken av dessa
forklaringar som 4r mest gdngbara 1 denna doktorsavhandling. Det vore dock
intressant att undersoka i framtida studier.

Sammantagningsvis gav studierna ett svagt stod for att individuella faktorer
var av storre vikt for mentaliseringsforméaga dn de sociala. Istéllet tyder vara
resultat pa att utvecklingen av mentaliseringsforméga &r erfarenhetsbaserad, med
ett fokus pé sociala erfarenheter. Dérav kan vi tolka barns mentaliseringsférmaga
som en forméga som utvecklas i samband med den sociala miljo som barnet
finner sig i. Framtida studier uppmuntras att undersdka hur barn paverkar deras
sociala miljo och hur det i sin tur paverkar barnens sociala formaga.
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INTRODUCTION

Introduction

The current thesis aims to deepen our knowledge about how social cognition
development in young children relates to individual and social factors. For this
purpose, Theory of Mind (ToM) development was investigated in Swedish
preschoolers with a language level allowing verbally-based testing and
communication. According to Réska-Hardy (2009):

... [ToM] denotes the conceptual system that underlies the ability to

understand, predict and interpret the thoughts, feelings, and behavior of self
and others by reference to specific mental states (states of mind). [...][it] is
used to refer to (1) the ability to impute mental states, i.e., to mentalizing or
mind-reading..., (2) the study of children’s understanding of the mind in
developmental and cognitive psychology, and (3) the “Theory Theory”
account of mental state attribution. (p. 4064).

All three parts of the ToM definition above are incorporated in the current
thesis. The first is by measuring ToM using a test that requires the participant to
attribute mental states to be successful. The second is by holistically
incorporating the study of ToM development, where many related factors are
investigated simultaneously. And the third is a part used to guide the thesis
theoretically.

However, the studies in the thesis are not separated to address the stepwise
definition presented above. Instead, the investigations into ToM development
were divided into three studies with three aims (see Figure 1, visualizing the
conceptual framework and focused variables per included study): the
measurement of ToM, individual factors related to ToM, and social factors
associated with ToM. More specifically, the first study investigates the ToM
scale developed by Wellman and Liu (2004), a well-known instrument used to
assess ToM development, and here aimed to ensure its applicability in a Swedish
context. The second study mainly investigates ToM from a longitudinal
perspective and how individual factors such as executive function (EF),
language, and a recently introduced variable in ToM research, temperament, may
contribute to ToM development. Finally, the third study investigates the
predictive power of predominantly social factors, focusing on parents’ mental
state talk (MST) on their children’s ToM development. The following
introductory text provides summaries of previous research on these topics.
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Figure 1 - The Conceptual Framework Guiding this Thesis.

Study I Study 11 Study 11T

Note. ToM = Theory of Mind; The Figure presents the focal variables in each included
study, with temperament being the central factor in Study III, and Mental state talk being the
main factor in Study I1l. An additional social factor (i.e., Socioeconomic status) is included
in Study II, and additional individual factors (i.e., productive language and executive
function) are included in Study III as controls. Notably, the grayscale of a variable signifies
the relative focus of the included variables in the study, with gray variables being less
focused than black variables.
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Theory of Mind

Premack and Woodruff (1978) originally defined the term ToM and stated that
“An individual has a theory of mind if he imputes mental states to himself and
others” (p. 515). In their study, Premack and Woodruff claimed that Sarah, a
chimpanzee, could understand others’ perspectives. However, according to
Dennett (1978), Sarah was trained to seem like she had a ToM. Dennett (1978),
therefore, outlined philosophical and theoretical arguments to guide ToM
research, thus giving us the early main focus of ToM research, namely studies
on false belief (FB; Baron-Cohen et al., 1985; Wimmer & Perner, 1983).

To understand that someone has a FB, the child needs to grasp that another
person can believe something is correct, even though the child knows it is
incorrect (Ruffman, 2014). For instance, a common way to test FB is to present
a child with an object (e.g., a box of band-aids) and reveal that the box contains
something unexpected (e.g., a plastic coin). Then, introduce another character
(e.g., Dolly) and ask the child what Dolly will find in the box. If the child can
say that Dolly believes there are band-aids in the box, then the child understands
FB. Testing of FB has become widely used for investigating ToM-ability partly
due to its possibility for varying the complexity of tasks (Ruffman, 2014;
Wellman et al., 2001). For instance, the FB test can measure the ability to
understand what a second person might know about the beliefs of a third person,
and so on.

Measures of ToM

There have been a few recent efforts to summarize the methods used to evaluate
ToM development during preschool (Beaudoin et al., 2020), later childhood
(Osterhaus & Bosacki, 2022), and over the two first decades of life (Fu et al.,
2023). For instance, Beaudoin et al. (2020) summarized more than thirty years
of research and reported considerable heterogeneity but a few key
commonalities. They exemplified that ToM development measures in the
preschool age can capture the development in several sub-domains (e.g., emotion
understanding, desire understanding, belief understanding, or knowledge).
Although measuring ToM within a sub-domain might be better than measuring
one type of test (e.g., the relatively advanced Faux pas test; Happé, 1994), only
measuring within the sub-domains still limits the scope of the investigation into
the development of ToM understanding (Beaudoin et al., 2020; Wellman & Liu,
2004).
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Some researchers have suggested an alternative to capture ToM development
across sub-domains (Carlson et al., 2013; Hiller et al., 2014; Wellman, 2002).
Therefore, there are now batteries or scales designed for this purpose (Beaudoin
et al., 2020), namely comprehensive measures using questionnaires (e.g., the
Theory of Mind inventory by Hutchins et al., 2012), or comprehensive measures
using direct measures (e.g., the ToM scale by Wellman & Liu, 2004).

A Scale for ToM

Beaudoin et al. (2020) report that one of the most evaluated and validated
comprehensive measures using direct measures is the ToM scale (Wellman &
Liu, 2004), which includes (amongst other items) tests of beliefs, desires,
knowledge, and FB. The ToM scale has been used to investigate ToM
development globally with children from two years of age (Hiller et al., 2014),
up to late teens (Wellman et al., 2011a). The scale has a maximum of eight steps
but it is most common to use five steps with children younger than six years of
age (Pava, 2019). Children at this age typically learn to understand the inner lives
of others in a specific order (Etel & Yagmurlu, 2015; Sundqvist et al., 2018;
Wellman & Liu, 2004). Around three years of age, (1) a child can grasp that
others might have unique preferences (or diverse desires; DD), (2) and personal
beliefs that differ from their own (diverse beliefs; DB). At around 3.5 years of
age, (3) a child can understand that there are situations where other individuals
are missing important information that allows them to make correct decisions
(knowledge access; KA). Between the ages of three and six, (4) a child can gather
that a person may believe incorrect information is correct and subsequently act
upon that incorrect information, resulting in suboptimal behavior (content false
belief; CFB; Wellman et al., 2001; Wellman & Liu, 2004). Between the ages of
four and seven, (5) a child starts to understand that a person might be showing
an emotion that is incongruent with the emotion the person is experiencing
(hidden emotion; HE).

The Outline of the Thesis at Hand

Specific measures were applied initially by Wellman and Liu (2004) that can be
used to evaluate the ToM scale. The measures aim to analyze the stability and
reliability of the difference in difficulty between each step included in the scale.
The measures are often excluded in previous ToM scale studies, and studies with
the measures often need to exclude steps of the scale to find acceptable reliability
and stability. Moreover, earlier scale steps are appropriate for 2—3-year-old

4
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children to avoid ceiling effects. In contrast, the later steps (e.g., the more
challenging steps than HE) are appropriate when children are five years of age
or older to avoid floor effects. Study I includes a more nuanced analysis of the
reliability and stability of the scale than has been done previously.

Examples of factors that have been proposed to be closely tied to ToM
development are language development and EF. With regards to language, there
is a wealth of research describing the associations between language and ToM
ability (de Villiers, 2007, 2021; Miller, 2006; Milligan et al., 2007; Ruffman,
2014; Ruffman et al., 2003). Likewise, EF is often found to be related to ToM
development (Carlson et al., 2002, 2013; Wade et al., 2018). Some researchers
even indicate that EF is a prerequisite for ToM, while others suggest EF is more
remotely related to ToM (for a review, see Moses & Tahiroglu, 2010). Therefore,
the relations between these individual factors and ToM will be explored in Study
1I.

Temperament is a less well-studied individual factor that might affect ToM
development. Previous research has suggested that some temperament
dimensions (e.g., being shy or active) are related to ToM (Lane & Bowman,
2021). However, the relations do not have consistent support across studies, and
only a few studies have investigated the relationship between the ToM scale and
temperament (Mink et al., 2014; Song et al., 2016). In addition, only a few
longitudinal studies have investigated FB in relation to temperament (Brink et
al., 2015; Carlson et al., 2004; Selcuk et al., 2018; Suway et al., 2012; Wellman
et al., 2011b). Only one longitudinal investigation of the ToM scale has been
performed with children 2-5 years of age; in that study, aggression and ToM
were measured over roughly a year (Song et al., 2016). There is, therefore, a lack
of longitudinal investigations into the age-related relations between the ToM
scale and broader measures of temperament in the preschool years. Thus, Study
11 will further these investigations.

With the individual factors reviewed, social factors are related to ToM ability.
Social factors relevant to the current thesis are socioeconomic status (SES, often
measured as parental/maternal educational level), number of siblings, and the
types of words parents use when conversing with their children (Devine &
Hughes, 2018). Parental education has been suggested to be most important to
ToM development, provided that one includes a wide range of socioeconomic
levels. Still, a measure of education is relevant in studies with less variation.
Family size or the number of siblings is another measure pertinent to the
development of ToM (Devine & Hughes, 2018; Perner et al., 1994) where having
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a sibling, and sometimes having several siblings, is reported relevant for ToM
development (Hou et al., 2022; Prime et al., 2016, 2017). Finally, the mental
state talk (or MST) parents use when conversing with their children have been
suggested to be linked to ToM development (Tompkins et al., 2018). For
instance, asking questions and conversing about what others might believe or
prefer is commonly found to be related to later ToM ability. These social factors
are important and interesting to investigate together with ToM development.
This topic, with a focus on MST, is covered in Study III.

Repeated measurements of the same children as they grow older are
preferable for development studies. A longitudinal study of ToM may be a study
that includes a measure of a cognitive ability that is interesting for the
development of ToM at an early age, and ToM at a later age (e.g., Mink et al.,
2014). But the power of a longitudinal investigation into ToM comes from
repeated measures (i.e. more than one measurement) of both ToM and other
abilities of interest. Surprisingly, there is only one longitudinal study in which
ToM was measured more than twice (Wellman et al., 2011a). Additionally, many
factors that have been investigated in relation to the ToM scale have mainly been
investigated at one point in time and not repeatedly. A longitudinal investigation
into the relations between a child’s ToM scale performance and the same child’s
performance on other tests before and after repeated measurements of the ToM
scale might give new insights.

In sum, the current thesis will longitudinally investigate ToM development
using the ToM scale in relation to language, EF, temperament, and social factors.
The first section of the introduction will outline some of the most prominent
theoretical positions in current ToM research. Later sections will further discuss
how previous research efforts have related ToM development to language
development, EF, temperament, and social factors.
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Theories of Theory of Mind

The theoretical landscape related to ToM is vast, and the overlap between
theories is sometimes considerable. Premack and Woodruff (1978), the founders
of ToM as a concept, presented their theoretical standpoint by stating that ToM
is ”’[...] to our knowledge, universal in human adults. Although it is reasonable
to assume that their occurrence depends on some form of experience, that form
is not immediately apparent. Evidently, it is not that of an explicit pedagogy.
Inferences about another individual are not taught, as are reading and arithmetic;
their acquisition is more reminiscent of walking or speech.” p. 525. Their account
has also inspired many theories presented after that.

The Combination of Simulation and Theory - Theory

For the current thesis, two approaches stand out: Simulation Theory (ST; Harris,
1992, 2009) and Theory Theory (TT; Gopnik & Wellman, 1992; Wellman,
2014). The critical difference between the two is that ST suggests a tangible
learning process, and TT suggests a more abstract learning process (Apperly,
2008; Miller, 2016; Roska-Hardy, 2009; Tanaka, 2017). As will become
apparent, there is no perfect example of how to tease these theories apart
(Apperly, 2008). Still, an effort will be made below.

ST can be summarized as “You first have to know yourself to know others.”
It suggests that we use our own experiences to understand others. In other words,
we figuratively put ourselves in the other’s shoes to understand their minds
(Harris, 1992). Based on this swap, we automatically and intuitively infer what
is happening in the other person’s mind. The child’s experiences will limit the
simulation they can make. A child can only simulate what they have experienced
(Roska-Hardy, 2009). In sum, as the child ages, they will likely have more
diverse information when setting up the simulation.

The point of departure for TT, by contrast, is the general and overarching
theories of the human psyche that we form to understand the minds of others.
These evolving theories gain sophistication as children grow older. In other
words, TT suggests we infer the current mindset of the target person by applying
abstract theories based on our past experiences (Apperly, 2008). The target
person’s response is determined by methodically utilizing knowledge about the
person and how general mental processes function (Gopnik & Wellman, 2012;
Wellman, 2014). In short, TT states that hypotheses about a person are carefully
created and tested, enabling learning.
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Designing studies that unequivocally support ST or TT has not been easy.
Therefore, researchers have suggested that the two theories may complement
each other (Apperly, 2008; Harris, 1992; Hughes & Dunn, 1998; Mitchell et al.,
2009). Mitchell et al. (2009) explicitly suggest that ST is more applicable in the
early stages of ToM development, while TT develops later. ST contributes to
understanding others’ beliefs, desires, and knowledge, while TT better explains
FB. According to this hypothesis, FB tests are best handled by keeping reasoning
more theory-driven (like TT) and less simulation-focused (like ST). It might be
easier to refrain from overtly reporting one’s perspective if the reasoning about
the FB scenario is less tied to one’s perspective.

Gopnik and Wellman (2012) argued that TT lacked a strong computational
foundation and suggested that Bayesian statistics might be highly relevant for
TT. They stated that Bayesian statistics and TT involve expecting outcomes and
revising models or theories in light of unexpected experiences or results.
Wellman (2014) further reviews research and states that the computational
aspects of Bayesian modeling strongly support TT (Goodman et al., 2006). He
suggests that children make predictions about others, correct predictions in light
of unexpected results, and develop better ToM. Wellman (2014) uses this
reasoning to separate ST from TT, as ST does not center around theory building
or refinement. However, Wellman (2014) could not present any findings specific
to the ToM scale but rather findings related to learning (including social
learning). The reasoning by Wellman (2014) might be valid for general social
learning, but the question is if it holds specifically for ToM development.

Since Gopnik and Wellman’s proposal to view social development through
the lens of Bayesian modeling, three studies have investigated ToM development
from this viewpoint (Asakura & Inui, 2016; Baker et al., 2016; Wang et al.,
2019). None of these three studies support TT. However, Asakura and Inui
(2016) investigate the relationship between ST and TT. They published a
Bayesian model of ToM (based on the framework used by Goodman et al., 2006),
which permits simulation ability (from ST) in the theory component of TT.
Asakura and Inui found that their model explained performance on the ToM scale
reported in previous research. More specifically, they found that the performance
on the early steps of the scale (i.e., DD and KA) distinctly predicted CFB task
performance. Moreover, their model was similarly successful when comparing
differences in age, countries, or developmental delays. Therefore, the “hybrid”
solution (ST/TT) accounts well for ToM scale performance (Asakura & Inui,
2016). This finding does not fit the standpoint initially made for the separation
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between the theories by Gopnik and Wellman (1992), opposes the later Bayesian
elaboration by Wellman (2014), and fits better with the proposition made by
Mitchell et al. (2009), Apperly (2008) and Harris (1992) of compatibility
between ST and TT.

In summary, the discussion regarding ST or TT, instead of ST and TT, has
made researchers skeptical of a hybrid solution. It might be necessary to clarify
that the way a person thinks, or the way the brain operates can be Bayesian;
however, analyses performed using Bayesian statistics do not necessarily support
that the brain works in a Bayesian manner. Nonetheless, Asakura and Inui’s
(2016) model is relevant to how we believe the brain develops ToM. They
created a so-called Bayesian causal net model (advocated as an important
learning model supporting TT according to Wellman, 2014) on the performance
of ToM scale steps. Notably, their model was based on TT, but it included the
simulation ability present in ST. Crucially, Asakura and Inui’s (2016) model had
a high accuracy in explaining performance at ages 3—6 in six different countries
and for four types of developmental delays on the ToM scale in previous studies.
To be clear, Asakura and Inui did not contrast a ST and a TT model, and they
did not compare the performance of the hybrid model to a pure TT model.

Nonetheless, orthodox TT and ST proponents cannot explain the results and
conclusions of Asakura and Inui. Therefore, the current thesis will use the hybrid
ST/TT framework as an overarching framework without specification in
Bayesian terms. In other words, like mastering chess, children start by improving
their ability to simulate the behavior, thereby gradually acquiring the ability to
create systematic theories about other’s behaviors. Alternative theories will be
presented in the discussion and compared to the ST/TT account.

Alternative Approaches

Some alternative approaches are essential to mention. For instance, expression
or the emergence of ToM (for a review, see Moses & Tahiroglu, 2010). These
approaches focus on the role of EF in the development of ToM, with EF being
the accelerator (as in the expression approach) or gatekeeper (as in the emergence
approach) of ToM. There is also the nativist-modular account (Leslie et al., 2005;
Scholl & Leslie, 1999, 2001) where ToM ability is thought to be innate,
environmentally cued to develop, and that the limits of ToM development are
the same worldwide (Saxe, 2006). Another alternative is Heyes and Frith’s
(2014) implicit/explicit account, where two systems manage ToM development.
The implicit system develops autonomously and independently of EF, while the

9
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explicit system develops deliberately and depends on EF. All these theories have
merit. However, the frameworks they provide do not fit the current thesis as well
as the ST/TT hybrid. Specifically, the ST/TT hybrid is better positioned to
capture a broader range of possible findings regarding the development of ToM
in the preschool years. Nonetheless, all mentioned frameworks will be compared
in the discussion, focusing on each framework's explanatory value to the current
thesis's findings.

With the ST/TT hybrid as a background, an introduction of concepts and
functions related to ToM in previous research should be presented. Therefore,
the sections leading up to the method section will be structured as follows. First,
a description of relevant findings and discussions related to the concept will be
presented. Its relation to ToM will be discussed, and finally, the measure used to
capture that concept will be introduced.

10



INTRODUCTION

Language Development

Tremendous developments occur in the first year of life with regard to language
(Kuhl, 2004, 2011). The first month can be without signs of development, but
the child still absorbs the rules of the languages spoken at home (Hernandez et
al., 2000; Werker & Tees, 1999). Furthermore, infants need months to
understand and maybe a year to say their first word (Kuhl, 2004). Systematically
and statistically (Kuhl, 2004), the child learns to capture the properties relevant
to the language (or languages) spoken around them (Hoff, 2006). Importantly, as
summarized in Hoff (2006), hearing a language spoken around you is not enough
for proficient language development. Instead, input directed to the child
encompassing all levels of language, i.e., speech(sound), structure, and meaning,
of any of the world’s languages, and the opportunity to use that language in
interaction with others is required (Kuhl, 2004). Deficiencies at these levels can
negatively affect language development (Hoff, 2006; Kuhl, 2004)".

The Fundamentals of Language

Aspects of language relevant to the text below are grammar, comprehension, and
production. Grammar is a very general concept and encompasses at least rules
for word formation, morphology in general, and syntax (rules for how to
construct phrases, clauses, and sentences, Teleman et al., 1999). Comprehension
refers to all aspects of the reception of spoken language in the early stages of
development, often focusing on understanding words. Production refers to the
child’s active use of spoken language, likewise often referring to the production
of words. It seems as if productive vocabulary and grammar development begins
with a long one-word period, and before 12 months of age, it is hard to find
children with a productive vocabulary larger than approximately ten words
(Bates et al., 1995; Eriksson & Berglund, 1999). Around the age of 16 months,
word production increases rapidly, enabling grammatical development (Bates et
al., 1995; Eriksson & Berglund, 1999). This rapid increase continues until the
child’s second birthday (Borgstrom et al., 2015).

Additionally, Berglund and Eriksson (2000) showed that productive
vocabulary and grammar proficiency (i.e., ”...morphological markers for the
possessive form, definite singular, definite plural, plural marking, and past tense
or supine”., p. 135) were highly correlated, especially around two years of age.

! Language can develop without auditive input using only the visual modality (as with sign
language).

11
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Therefore, the relationship between vocabulary and grammar can be considered
close, with little to no dissociation (Bates et al., 1995; Berglund & Eriksson,
2000). However, it is necessary to mention major differences between
individuals regarding the speed of vocabulary acquisition. For example,
Berglund and Eriksson (2000) showed that 2-year-old children could have a
productive vocabulary of less than 100 and others with a productive vocabulary
of around 700 words (with a scale measuring 710 words common Swedish
words). Notably, that variation in development is mirrored in the variation of
grammar skills, with some that have not developed any measurable grammar
skills and others close to proficient in all the measured aspects of the grammar
skills defined above (Berglund & Eriksson, 2000).

Language and ToM

Efficient communication is a significant factor in understanding FB. For
instance, children with specific language impairments lag substantially behind
their peers' ToM development (Nilsson & de Lopez, 2016). Perhaps the most
striking example comes from studies with deaf children (e.g., Schick et al., 2007;
Siriattakul et al., 2021; Wellman et al., 201 1a). Research on these children shows
that deaf children born into households with hearing parents have a slower ToM
development than hearing children in hearing households (for a summary, see
Siriattakul et al., 2021). However, deaf children born into households with deaf
parents show very similar ToM development to hearing children in households
with hearing parents (Meristo et al., 2007). For the current thesis, participants
who could participate in oral communication without learning or hearing
difficulties were included.

Concerning research investigating associations between ToM and orally
conveyed language, Milligan et al. (2007) have published the most
comprehensive meta-analysis available. They found that all language factors
measured were significantly related to FB with medium (i.e., .34—.66) mean
effect sizes. General language measures (e.g., an experimenter in person
measuring various production, comprehension, and syntax using a series of
structured questions) were found to be significantly better at predicting ToM in
comparison to receptive vocabulary (e.g., a [Peabody] Picture Vocabulary Test).
However, general language measures, semantics (e.g., synonym judgment task),
and syntax (e.g., the complexity of grammar items in forms) were comparable
predictors of FB. Milligan et al. (2007) further reported metanalytical results
showing that effects held for many language abilities and FB tests, suggesting
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generality in the relations between language and FB. The findings by Milligan et
al. (2007) were supported in a more recent meta-analysis suggesting that general
language (i.e., a combination of production, comprehension, and syntax) might
be the most appropriate language measurement to use with young children
(Farrar et al., 2017). However, Farrar et al.’s (2017) meta-analysis only analyzed
language measures against Explicit False Belief (EFB) performance, which is a
ToM scale step that is commonly excluded from Guttman analyses of the ToM
scale based on analyses performed and recommendations by the original authors
(Wellman & Liu, 2004).

Even though there are no summarized studies investigating associations
between ToM and productive vocabulary, some studies on the topic are worth
bringing to light. Durrleman et al. (2022) performed a vocabulary intervention
and found no relation between FB and vocabulary training. Longobardi et al.
(2021) cross-sectionally investigated children’s ability to name objects and
actions performed on pictures and correlated productive language ability with
ToM performance. They found that productive language and ToM were related.
Other longitudinal studies have described the relationship further by reporting
significant relations between earlier measures of productive language (as
measured by questionnaires) and later ToM (Brooks & Meltzoff, 2015; Farrar &
Maag, 2002; Watson et al., 2001).

The Language Measure

In search of an appropriate measure of a child’s vocabulary, the MacArthur
Communicative Development Inventories (MCDI; Bates et al., 1994; Fenson et
al., 1994; Marchman & Bates, 1994) was chosen, as it is considered a valid
measure of productive language development (Camaioni et al., 1991; Dale et al.,
1989) and is available in Swedish (Berglund & Eriksson, 2000; Eriksson &
Berglund, 1999). The MCDI is divided into several scales, all with a different
age group in focus. It measures the variability in the productive language of a
child based on parental (or similar) ratings. Importantly, MCDI does not measure
phonology, frequency of utterances made by children, if the child was imitating
or spoke spontaneously, or in which/how many different contexts a child has
produced a word (Bates et al., 1994). Therefore, keeping reasoning in line with
these limitations will improve the quality of the conclusions drawn from MCDI
data (Bates et al., 1995).

Measures from the Swedish version of the MCDI when children were two
and three years of age are included in the current thesis.
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Executive Function

EF is a cognitive ability that allows us to guide our mental processes top-down,
thus enabling goal-directed behavior (Espy, 2004; Miller & Cohen, 2001).
Consequently, a well-developed EF is paramount to having an efficient and
enjoyable life experience (Moriguchi et al., 2016). This claim is supported by
EF’s relations to various aspects of life, such as mental and physical health,
school and job success, and social and relational prosperity (Diamond, 2013).

EF allows an individual to resist being trapped in automatic attention, or so-
called bottom-up processes, and to filter incoming information better. More
specifically, EF can be described in relation to a scale of attentional processes,
namely Alerting, Orienting, and EF (Petersen & Posner, 2012; Posner &
Petersen, 1990). Alerting is the attentional process of producing and maintaining
high sensitivity to an ongoing task or situation. Orienting is the ability to
prioritize information available in the current space based on location or sensory
modality. Finally, EF, on the attentional process spectrum, is the ability to
manage conflicts regarding information, including emotions, cognitions, and
behavior. Additionally, EF itself is commonly divided into three separate but
cooperating processes.

The Three Executive Processes

EF is commonly divided into three separate albeit interacting cognitive
processes: inhibition, working memory, and cognitive flexibility (Diamond,
2013; Miyake et al., 2000). Inhibition is the ability to ignore irrelevant
information, thoughts, or emotions to stay true to one’s goals (Diamond, 2013).
A lack of inhibitory control results in behavior being more heavily guided by
automatic attention-grabbing stimuli or old habits. Therefore, inhibition is
central to being efficient, flexible, and coherent. The relation between early
inhibitory control and outcomes in later life has been investigated. One study
with 1000 participants has shown that children 3—11 years of age with the ability
to not be impulsive in everyday situations had better outcomes in adulthood
compared to those who did not (Moffitt et al., 2011).

Working memory (WM) is the ability to manipulate and remember
information that is no longer possible to perceive (Baddeley, 2000; Baddeley,
1992). Therefore, a typical functioning WM is paramount in all sequential
behaviors and tasks (e.g., reading, cooking, math, FB, etc.). Also, the ability to
reason or make decisions by weighing the advantages and disadvantages of
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different factors would be impossible without WM. WM is qualitatively different
from short-term memory (STM). STM is passive storage where information can
reside before being sent to long-term memory. STM cannot manipulate
information, while WM does (Aben et al., 2012).

Cognitive flexibility (CF) is shifting perspectives or priorities. CF greatly
relies on both inhibition and WM to function. Inhibition allows previous
perspectives or priorities to be suppressed. In contrast, WM capacity enables the
individual to hold online what the previous strategy was and the current course
of action. Most tasks designed to capture CF are tasks where two or more rules
must be followed. As a result, CF has been found to develop later than the other
two cognitive processes included in our EF (Davidson et al., 2006; Garon et al.,
2008).

Executive Function and ToM

Research on the relations between EF and ToM has focused on early childhood
(Devine & Hughes, 2014; Weimer et al., 2021). The reason for this could be the
relative focus on the FB task and when a child is finally able to pass the FB task.
As meta-analytically summarized (across 102 studies and 9994 participants) by
Devine and Hughes (2014), several factors should be considered when
investigating EF and ToM. They reported that (1) EF was strongly related to FB
(i.e., mean weighted r was .38) for 3—5-year-old preschoolers, (2) the relation
between EF and FB is comparable across many geographic regions, (3) the most
common FB tasks relying on the content (e.g., unexpected content of a toy-car
in a band-aid box) or location (e.g., that a ball has been moved to another
container) were equally associated with EF, (4) that all EF tests (included in the
analysis) were associated with FB, (5) associations between EF and FB remained
when controlling for verbal ability and age, and (6) composite scores of at least
two tests measuring EF and two tests measuring FB revealed a more robust
association compared to when either was measured with a single test. The only
negative association between EF and ToM that Devine and Hughes (2014)
reported was that (7) larger sample sizes were related to smaller effect sizes. In
summary, points 1-5 suggest that the relation between EF and FB is very stable.
Points 6 and 7 give a perspective that should be considered when investigating
EF and ToM relations.

The question that remains is, why is EF related to ToM? One suggestion is
that the relation between ToM and EF might be indirect, and improvements in
EF may not be linked with improvements in ToM; however, better EF might lead
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to an improvement in the quality of the social interaction and increase the
possibility of socializing with others (Hughes, 1998; Moses & Tahiroglu, 2010).
These differences in opportunity and quality of social interactions, brought about
by differences in EF ability, might be what assists ToM development and not EF
ability itself (Moses & Tahiroglu, 2010). A more obvious reason would be that
handling and comparing two minds, my own and others, implies taxing EF.

The Measure of Executive Function

The measure of choice for EF (or CF) for the current thesis was one of the most
widely applied versions of a child-focused EF test (Devine & Hughes, 2014), the
Dimensional Change Card Sort task (DCCS; Zelazo, 2006). The test is built up
of three stages. During each stage, the children are asked to sort cards into trays.
The rule for sorting is clearly stated to the child at each stage, and the challenge
is to change the sorting strategy according to a new rule flexibly. The cards to be
sorted depict two combinations of color and shape, while the trays have pictures
that do not match the color and shape of the cards that the child is supposed to
sort. A child can complete the different steps of the DCCS at certain ages. For
instance, children can complete the first stage of the DCCS at three years of age
but not the second. Children four and a half years old can complete the first two
stages but may struggle with the third. Children do not systematically complete
the third and last stage until they have reached the age of seven or nine (Davidson
et al., 2006). Children struggle to complete the second stage at young ages due
to “attentional inertia” (Anderson, 1979; Kirkham et al., 2003). The classical
definition of attentional inertia applied to a DCCS task means that the rule to sort
according to color gets carried over to the second stage, where all cards will still
be sorted according to color instead of shape. This finding of attentional inertia
suggests that CF is not developed enough for the inhibition of a previous
perspective to be successful (Chatham et al., 2012; Kirkham et al., 2003).

The current thesis includes measures of a Swedish version of DCCS when
children were two, three, and four years of age.
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Temperament

A general definition of temperament that integrated the research-based insights
accumulated since an earlier definition by Goldsmith et al. (1987) was suggested
by Shiner et al. (2012), specifically “Temperament traits are early emerging basic
dispositions in the domains of activity, affectivity, attention, and self-regulation,
and these dispositions are the product of complex interactions among genetic,
biological, and environmental factors across time” (p. 437). It could be noted,
though, that what dispositions or dimensions of behavior should be included in
a framework for temperament has varied widely over the years. Still, four of the
more prominent theories will be mentioned below.

Prominent Theories of Temperament

The first theory might be one of the earliest theories of temperament. Thomas,
Chess, et al. (1960) identified nine dimensions of temperament: activity level,
approach-withdrawal, threshold of responsiveness, persistence or attention span,
adaptability, distractibility, quality of mood, intensity of reaction, and
rhythmicity. Even though some of the dimensions defined by Thomas, Chess, et
al. (1960) do still carry some clinical relevance (Shiner et al., 2014), most
dimensions have been found to have low internal consistency, were difficult to
discriminate from each other conceptually, and the suggestion was to reduce the
number of dimensions to describe temperament better (Roberts & DelVecchio,
2000; Sanson et al., 2002). The second theory, Goldsmith’s theory (Goldsmith
et al., 1987), can be criticized for including many dimensions (as it includes as
many dimensions as Thomas & Chess’s account). Additionally, Goldsmith’s
theory is mostly applied to infancy. However, Goldsmith’s theory for children
past infancy has been developed into Rothbart’s theory (e.g., Goldsmith &
Rothbart, 1991). The third theory, Rothbart’s theory (Rothbart & Bates, 2007;
Sanson & Rothbart, 1995), includes three broader dimensions, namely:
Reactivity, or Negative affectivity (e.g., negative mood, irritability, anger), Self-
regulation, or Effortful control (e.g., non-distractibility, or persistence), and
Approach-Withdrawal, Sociability, or Surgency (e.g., approach to novel
situations). The fourth theory, Buss and Plomin’s (1975; 1984) influential theory
of early temperament dispositions, originally included three dimensions, namely:
Emotionality (e.g., displaying emotion), Activity (e.g., active approach to
activities), Sociability (e.g., preferring social games). A fourth dimension,
Shyness (e.g., taking a long time to warm up to people), was later added (Buss &
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Plomin 1984). A fifth dimension, Impulsivity (e.g., often switching between
tasks), was later added, then removed due to a lack of empirical evidence for a
genetic relation. However, impulsivity now has empirical support (Gagne &
Saudino, 2010), making it fit Buss and Plomin’s theory.

Temperament and Theory of Mind

How children approach and handle familiar and new social situations sets the
stage for their own experience (Lane & Bowman, 2021). In other words, a child’s
propensity to dive into a social situation will result in a relatively large amount
of experience of other minds, and a lack of interest in social interaction will set
hard limits on the ability to get even indirect experiences of social interactions
and other minds. Therefore, individual differences in temperament are a possible
explanatory factor for understanding children’s ToM ability. Some of the
previously reported associations between temperament and ToM are described
below.

Shyness and False Belief

It has been suggested that such basic dispositions as temperament may influence
ToM development (Lane & Bowman, 2021). No meta-analysis has summarized
the relation between temperament and FB, and previous research presents a
varying pattern. For instance, no significant relationship between temperament
measures and FB was reported by Calero et al., 2013, Carlson et al., 2004, and
Colonnesi et al., 2010). However, the social or shyness dimensions have been
one of the most frequent significant predictors of FB, sometimes together with
other temperament dimensions (for a review, see Lane & Bowman, 2021). For
example, LaBounty et al. (2017) found that shyness was positively related to FB
(effect size was large, e.g., s = 0.48). However, Walker (2005) also reported
that lower shyness or withdrawn behavior scores were related to higher FB
scores, but only for boys. To complicate the positive relation between shyness
and FB, Walker also reported that girls exhibiting high prosocial behavior were
related to high FB scores. Wellman et al. (2011b) reported regression analyses
revealing that non-aggressive, shy/withdrawn, and perceptually sensitive
temperament at three years of age was related to higher FB scores at five years
of age, even when controlling for 1Q, inhibition, gender, and FB at three years of
age. Noteworthy, none of Wellman et al.’s (2011b) zero-order correlations (when
calculated using their sample size and correlation coefficients) were significant
(i.e., p<0.05). Lane et al. (2013) reported that high social withdrawal (together
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with low cortisol levels) was related to high ToM. In other words (without
implying causality), children who were socially withdrawn but remained calm
and relaxed in that socially withdrawn situation had higher FB scores.

Other Temperament Dimensions and False Belief

There are also indications that other temperament dimensions might be related
to ToM development, namely inhibition and activity. For instance, Longobardi
et al. (2017) reported a significant positive relationship between inhibition to
novelty and ToM in 4-5 year-olds but no significant relationships in a group of
3—4 year-olds. Moreover, higher activity is related to lower FB (LaBounty et al.,
2017).

Temperament and the ToM Scale

Studies with only FB measures aside, some relations between temperament and
the ToM scale have been reported previously. For instance, Mink et al. (2014)
found that shyness was predictively (from 18 months) and concurrently
positively related to ToM at three years of age (effect size was moderate, s =
0.31). Korucu et al. (2017) showed that effortful control (that includes measures
of inhibitory control) was positively related to ToM scale scores in a large cross-
sectional study with 3—6-year-old children. However, effortful control was the
only dimension of temperament they included, not all three dimensions that are
parts of Rothbart’s theory. Concerning inhibition, only one previous study seems
to have been performed. Suway et al. (2012) found that high behavioral
inhibition and negative peer interaction at two years of age were each predictive
of low ToM at three years of age.

Regarding activity, Mink et al. (2014) reported that activity level at 18 months
was negatively related to ToM scale scores at three years of age (effect size was
moderate, Bs = —0.34); however, the relationship between activity level and ToM
was heavily influenced by outliers, making it irrelevant (Mink et al., 2014).
Nonetheless, Henning et al. (2011) found cross-sectional support for a negative
relation between activity and ToM scale score for 3—to 6-year-old children. In
sum, no clear conclusion can be reached from previous studies, but there are
indications that ToM might be related to shyness (or social aspects of
temperament), inhibition, and activity.
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The Lack of Longitudinal Investigations

The bulk of the previous studies investigating the relationship between
temperament and ToM have been cross-sectional, and only a few have been
longitudinal (i.e., Brink et al., 2015; Carlson et al., 2004; Mink et al., 2014;
Suway et al., 2012; Wellman et al., 2011b). Notably, few previous studies have
investigated the longitudinal relations between temperament and the ToM scale.
Other approaches have included habituation time and socially observant
behavior in relation to implicit FB (Brink et al., 2015), Rothbart’s theory in
relation to a battery of FB tasks (Wellman et al., 2011b), a test of intentions,
desires, and perspective taking using Goodman’s and Rothbart’s theory (Carlson
et al.,, 2004). However, Mink et al. (2014) did investigate the relationship
between the first three steps of the ToM scale and Rothbart’s theory. Suway et
al. (2012) also included three original ToM scale steps (with one extra task
included). They related them to behavioral inhibition (but not any of the four
prominent theories outlined above). Given the limited number of longitudinal
studies, more longitudinal research on the relation between the ToM scale and
temperament is warranted.

The Temperament Measure

The model by Buss and Plomin (Buss & Plomin, 1975, 1984) includes fewer
dimensions that are easier to separate than the larger models of Shiner et al.
(2012). Therefore, the chosen temperament measure is the EASI, or EAS
Temperament Survey (Buss & Plomin, 1984; Swedish translation Hagekull &
Bohlin, 1990). The EASI comprises five subscales: Emotionality, Activity,
Sociability, Shyness, and Impulsivity. The questionnaire measures a child’s
temperament by asking guardians/parents or teachers to rate the child’s
temperament using five items for each subscale. The first four subscales are
reliable, consistent, and stable (Bould et al., 2013; Mathiesen & Tambs, 1999;
Walker et al.,, 2017), but including impulsivity in the scale seemed less
appropriate (Walker et al., 2017).

The current thesis includes measures with EASI when the children were two
and four years of age.
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Social Factors

The remaining factors studied in this thesis are social. For instance, positive child
development relies heavily on parent-child interactions (Fay-Stammbach et al.,
2014; Madigan et al., 2013; Zimmer-Gembeck et al., 2017). The classical
opinion of parenting used to be that parents exerted a unidirectional influence
from the parent (and mainly the mother) to the child (Kuczynski et al., 1997).
However, children are now regarded active in and a competent part of their
development (Kuczynski et al., 1997), and parent-child interaction is now
considered a balanced interplay between the parent and the child. Additionally,
fathers are now being recognized as contributing uniquely (Marsiglio et al.,
2000) and in synergy with the mother (McHale & Rasmussen, 1998) to the
child’s development (e.g., EF development as reported in Ribner et al., 2022)°.
The current thesis’s three social factors of interest are SES, family size (or the
number of siblings), and parental MST.

Socioeconomic Status

SES is a measure intended to capture differences in access to material and social
resources, and a combination of factors measures it (e.g., income, occupation,
and education) or any of the factors on their own (Buckingham et al., 2014; Hoff
et al., 2002). Compound variables of SES are relatively rare, and maternal
education has been one of the most frequently used non-compound SES variables
(e.g., Ensminger & Fothergill, 2003).

Socioeconomic Status and Theory of Mind

Social factors related to ToM have been summarized from various
perspectives in recent years (e.g., Devine & Hughes, 2018; Miller, 2016; Szpak
& Biatecka-Pikul, 2019; Tompkins et al., 2018), resulting in key insights to many
relevant factors. For instance, on average, children in homes with higher SES
have been found to perform slightly better on FB tasks (Devine & Hughes, 2018).
Summarizing almost 50 studies, Devine & Hughes (2018) reported that the effect
was modest but significant. Notably, the effect of SES was significant, albeit
attenuated when controlling for verbal ability (Devine & Hughes, 2018).

2 Importantly, the amount of same sex marriages have increased steadily during the last
decades (Kolk & Andersson, 2020) and a wealth of research has shown that children of
lesbian mothers or gay fathers show typical development and adjustment (for reviews, see
Biblarz & Stacey, 2010; Golombok, 2017; Manning, Fettro, & Lamidi, 2014; Tasker, 2005).
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Additional insights provided by Devine and Hughes meta-analysis were that the
strength of the association between FB and SES was higher if the study used a
compound SES measure (rather than a single measure), if the children were
closer to 74 months (i.e., older than six years of age) than 36 months (i.e., three
years) of age, and if the study included a wider range compared to a narrower
range of ages. They also found that early publications reported stronger
correlations between FB and SES than later studies.

The measure of parental SES level was the mean of parental educational
attainment ranked on a 7-point scale utilizing the Hollingshead index
(Hollingshead, 1975). Education is often used as an SES indicator, also in ToM
research. The way of scaling education differs widely, from relying on steps from
very basic education to university level, or simply by counting number of years
of education, or dichotomizing between high and low education (Devine et al.,
2016; Ensor et al., 2014; Jenkins et al., 2003; Meins et al., 2013; Taumoepeau &
Ruffman, 2008). The Hollingshead index was chosen as it provides a reasonable
differentiation of educational levels and a framework to capture educational
attainment reliably and in a systematic and replicable manner. Not least, it is easy
for parents to provide the information. The point scale used to capture
educational attainment for each parent was divided into (1) Less than nine years
primary education, (2) nine years of primary education, (3) high school (or
Gymnasium in Sweden), (4) post high school education or (Advanced Higher
Vocational Education, Higher Vocational Education or Folk High School in
Sweden), (5) Bachelor’s degree, (6) Master’s degree, and (7) graduate
professional training.

The current thesis includes a measure of parental SES when children were
two years of age.

Siblings and Social Abilities

Social understanding often develops in interaction with siblings, and that
experience may generalize to other relationships (for reviews, see McHale et al.,
2012; Parke, 2004; Teti, 2002). For instance, a large-scale study (N = 20649)
investigating the ability to negotiate peer relationships (as measured by teacher
ratings) in relation to family size revealed that social competence (or ability to
keep friends) was, on average, lower at preschool for single children in
comparison to children with at least one or two siblings (Downey & Condron,
2004). Furthermore, a follow-up study including 11820 fifth-grade (out of the
original 20649 preschool) participants revealed the same pattern and that the
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differences had increased in fifth grade (Downey et al., 2015). This means
siblings might have an important role in developing social skills.

Siblings and Theory of Mind

Devine and Hughes (2018) found metanalytical support that children with more
siblings have a more developed FB (see also Cassidy et al., 2005; Perner et al.,
1994). However, they also report that the strength of the association was modest.
Nonetheless, the association between the number of siblings (or family size) and
FB remained even when controlling for verbal ability when analyzing cross-
sectional data or previous FB when investigating longitudinal data. Devine and
Hughes’s (2018) FB results align with the finding that the presence of siblings is
associated with better social understanding and keeping friends when measured
by teachers ratings (Downey & Condron, 2004; Downey et al., 2015).

The current thesis includes a measure of the number of siblings when children
were two years of age.

Mental State Talk and How it is Measured

The social interaction measure of interest for the current thesis is MST. In simple
terms, MST involves using words relating to cognitions (e.g., believe, think,
know), emotions (e.g., happy, sad, angry), or desires (e.g., want, like).

Oftentimes, a sentence uttered by a parent may include words included in
more than one of the MST categories. Additionally, parents vary in the way they
incorporate MST in conversations. Therefore, when measuring MST, there are
at least two measures of MST to consider. Absolute frequency, when each time
a child hears an MST word is counted (Ruffman et al., 2002; Symons et al., 2006;
Van Bergen & Salmon, 2010), or proportions that have the benefit of controlling
for the amount of words a parent utters (Howard et al., 2008; Meins et al., 2003).
One current issue when evaluating the suitability of proportions or absolute
frequency as a measure of MST is that the number of uttered words is not often
reported (Tompkins et al., 2018). Therefore, the current thesis evaluates both
measures of MST in the same dataset.

Mental State Talk and Theory of Mind

The amount of MST used by parents has been shown in metanalyses to be related
to children’s performance on ToM tasks (Devine & Hughes, 2018; Tompkins et
al., 2018). Devine and Hughes (2018) meta-analyzed data from 28 studies and

23



INTRODUCTION

reported that the effect between parental MST and FB was modest but
significant. The effect was comparable when controlling for verbal ability using
a subsample of 12 studies. They also found, analyzing results from six
longitudinal studies, that MST was still significantly and moderately related to
FB when controlling for earlier FB. Devine and Hughes (and Tompkins et al.,
2018) also highlighted that the setting where MST was measured (i.e.,
unstructured play, looking at pictures, or from a questionnaire) did not influence
the relation (but Tompkins et al. did find that a reminiscing session, talking about
memories, that was not included in Devine and Hughes’s analysis, was
significantly less related to FB). Additionally, the relation to FB was lower if the
amount of MST was controlled for verbosity (i.e., proportions of MST).
Crucially, the studies that report frequency and proportions give mixed results,
with some finding relationships to ToM (FB; Moeller & Schick, 2006), and
others not (Adrian et al., 2007; Martin & Green, 2005; Symons et al., 2006).
However, frequencies and proportions are not the only available MST measures.

One measure that might be overlooked in previous research is the parents’
mental vocabulary size. One previous investigation into vocabulary size focused
on emotional vocabulary and understanding emotions (Martin & Green, 2005).
The spontaneous active use of different MST words may differ between parents.
A parent with a broader, more nuanced MST vocabulary may add quality to the
MST that further aids ToM development. It seems as if MST vocabulary size is
an uninvestigated part of MST research, that could reveal hidden factors related
to ToM development.

The current thesis includes measures of parental MST when children were
two and three years of age.
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Aim of the Thesis

The thesis consists of three empirical studies based on data from the longitudinal
project Brain, Mind and Culture: Pathways to Mentalizing, Language, and
Reading, planned and performed by the interdisciplinary research group Arena
for Mind, Brain, Learning, and Environment (AMBLE). This doctoral thesis
investigates ToM development and its relation to other factors that can be
expected to be important for understanding the nature of ToM. It consists of three
empirical studies investigating three different aspects of ToM development.

The first main research question was: How can ToM development be reliably
measured longitudinally in a Swedish context with a specific ToM scale?
Explicitly, the psychometric properties and reliability of the ToM scale by
Wellman and Liu (2004) was investigated using common reliability measures.
This research question is addressed in Study 1.

The second main research question was: How do individual factors relate to
ToM ability in preschoolers? The aim was to investigate the same children over
time to reliably capture development and elucidate how productive language, EF,
and temperament relate to ToM. This research question is predominantly
addressed in Study II.

The last main research question was: What social factors are related to
Theory of Mind development? The ambition was to study how family size (or
number of siblings), SES, and MST relate to ToM ability. This research question
is predominantly addressed in Study I11.
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METHODS AND MATERIALS

Methods and Materials

The Project

The three studies included in this thesis were based on data from the four
measurements performed in the project Brain, Mind and Culture: Pathways to
Mentalizing, Language and Reading. The complete project involved
investigating the development of ToM in preschool-aged children. Age-adequate
tests covering ToM, EF, memory, phonemic awareness, and productive language
were measured repeatedly and often with various instruments and occasionally
even methods. For instance, some cognitive tests were complemented with
concurrent electroencephalographic (EEG) measures or eye-tracking
registrations. Tests excluded from the current thesis are Baby Stroop (Hughes &
Ensor, 2005), an episodic memory test (Meltzoff, 1985), DUVAN (Wolff, 2013),
“the Farmhouse” (based on the Missing Scan task; Buschke, 1963), number
repetition from NEPSY (Korkman et al., 1998), Peabody Picture Vocabulary
Test (Dunn & Dunn, 2007, 1981), the Serial reaction task (Koch et al., 2020), an
EEG task investigating neural responses to language-related auditive stimulation
(Leppénen et al., 2011), and the ToM eye tracking task (similar to Surian &
Geraci, 2012). Reasons for the exclusions, some preliminary results from the
excluded tasks, and a complete list of the tests included in the project are
described in Appendix .

Additionally, two tasks were excluded due to unexpected issues. The Spin the
Pots test (or the Lazy Suzan task; Hughes & Ensor, 2005), a measure of EF, was
excluded due to seemingly unreliable scores in a large portion of the sample
across three years of measurement. Additionally, the Child Behavior
Questionnaire — Very short form (Rothbart & Bates, 2007; Sanson & Rothbart,
1995), which includes measures of the temperament dimensions Negative
affectivity, Surgency, and Effortful control, was excluded due to it being
unreliable in the current sample. A more detailed description of these two tasks
and the reason for exclusion can be found in Appendix II.

The current thesis aimed to investigate cognitive development for children
aged 2 to 5 using both on-site tasks and off-site forms. A complete list of the
tests in the current thesis is summarized at the end of the Descriptive Results -
section.
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Recruitment

All children were recruited via the Swedish registry, “the Swedish State Personal
Address Register” (SPAR), which includes all persons registered as residents in
Sweden. The sample included families living in or around the city of Gothenburg
(West Sweden) with children born in October, November, and December of 2014
or January or February of 2015. Only the child’s age and postal code were used
to restrict the sample. The participants received an invitation letter with extensive
information about the project and an informed consent form to be signed by both
parents. They asked them to provide their email and telephone number. An
envelope was provided to ease the return of the informed consent. All who sent
in a signed informed consent were contacted by telephone to book a first meeting.

The Sample

Invitations were sent to 2920 parents, almost exclusively mothers, with children
meeting the age criterion. A total of 230 families gave informed consent. This
means that 7.8 % replied to the invitation. The aim was to test the participants
around two years of age. Unfortunately, due to technical issues regarding the
testing facilities at the department, assessment could not start until the children
were around two years and four months. This four-month lag was also kept at
the three other data collection points.

After the first round of measurements at two years of age had been performed
(from late December 2016 to the beginning of July 2017), 180 children had been
tested. Testing was performed during the same months of the year in all
subsequent years. At three years of age, 149 (83%) families participated in
testing, and at four years of age, 136 (76%) families participated. At five years
of age, on-site testing was suspended in March 2020 due to the Covid-19
pandemic, leading to only 54 (30%) participants being tested out of 130 (72%)
who were still interested in participating. Therefore, retention rates were
relatively high for all years except the last (83%, 91%, 40%).

When looking at the sample demographics, there are some differences
between those who stayed in the study and those who left. There was a tendency
for parents with less than a bachelor’s degree to leave the project. Also, a family
might have been more likely to leave the study if the family had more than one
child.
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Notably, all participants who could not be tested on-site were sent off-site
forms in case they still wanted to participate in some way. A total of 76 forms
were sent to those not tested on-site, and 45 were completed.

The sample cannot be considered representative of the population in Sweden.
The invitations were sent to families geographically close to the on-site testing
facilities to make travel time reasonable for the participants. Therefore, a
selection bias towards the West coast (i.e., Vistra Gotalands ldn) of Sweden is
evident. Additionally, the current sample had a high education level on average.
The population average in Sweden is 2% with PhD degrees and 29-42% with a
bachelor’s degree or higher (Statistics Sweden, 2020). Also, the current sample
had 7 (4%) parents with PhD degrees, and 61.1% of the total 180 participants
had bachelor’s degrees or higher. Noteworthy, the proportion of parents with a
bachelor’s degree or higher rose to 66.5% for the third (and last complete) data
collection time.

The On-Site Collection

On-site testing of all participants was performed by the author of this thesis. All
testing sessions were planned to take around 90 minutes, including breaks.
During testing, parents were routinely asked if they thought the child needed to
take a break or abort testing completely. In 42% of the sessions, testing took
longer than 90 minutes, but this was often because of many, sometimes lengthy
breaks (e.g., snack breaks) during testing. On-site testing time at two years of
age took a mean of 98 (SD=21) minutes; at three years of age, 87 (14) minutes;
at four years of age, 96 (16) minutes; and at five years of age, 51 (5) minutes.
The length of testing time of the first three years made it impractical to allow
more than four bookable time slots each workday. Even though participants were
allowed to book all days of the week for over six months when they were around
two years of age, only 180 could participate.
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On-Site Tests

Executive Function Test: Dimensional Change Card Sort
task (DCCS)

The Dimensional Change Card Sort task (DCCS; Zelazo, 2006) was used to
measure EF. Cards have two dimensions: shape and color. The cards have one
out of two shapes (e.g., a rabbit or a boat), and these shapes have different colors
(e.g., blue or red). There are only two versions of the cards (e.g., one with a red
rabbit and the other with a blue boat). The task has three stages: pre-switch, post-
switch, and border stage. During each stage, children are asked to sort the cards
based on the rules conveyed by the experimenter. The pre-switch stage is used
as a baseline and is carried out as follows. Two shallow trays with pictures (e.g.,
one tray with a picture of a blue rabbit and one with a picture of a red boat) are
placed in front of the child.

The child gets a brief introduction to “A card game,” where the child gets
familiar with the materials. A practice round is then performed where the
experimenter confirms that the child can sort cards in accordance with one
dimension (e.g., color). This is done by observing that the child when prompted,
puts a card with a red rabbit in the tray with the red boat picture and puts a blue
boat in the tray with a blue rabbit picture. If the child can complete the practice
round, the experimenter can move on to the test round of the pre-switch stage. In
the test round, the participant is asked to sort six cards (e.g., three blue boats and
three red rabbits). Each card is presented one at a time. The child is prompted
verbally with the relevant dimension by the experimenter whilst being presented
with one card and is then asked to place it in one of the trays (e.g., “This card is
red, where does that one go?”). If the child sorts five cards (or more) correctly
and sorts all six cards, then the child will proceed to the post-switch stage. The
post-switch stage starts with an explanatory part, where the experimenter is
explicit about the change that is now happening in the game (e.g., “We are now
going to play a new game. We are not playing the color game anymore. We are
going to play the shape game.”). The rules of the Post-switch stage are then
explained verbally (e.g., Rabbits go here, and boats go there. So, if you get a
rabbit, you place it in that box. And if you get a boat, you put it in that box™).
However, the child is not allowed to train on the new rule (as done in the pre-
switch stage), and the test round of the post-switch phase starts immediately. As
in the pre-switch stage, the participant is asked to sort six cards (e.g., three blue
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boats and three red rabbits). Each card is presented one at a time. The child is
prompted with the relevant dimension verbally by the experimenter while being
presented with one card and is then asked to place it in one of the trays (e.g.,
“This is a rabbit, where does that card go?” or just “Rabbit” if the child becomes
frustrated with the whole question being asked repeatedly). If the child sorts five
cards (or more) correctly, then the child will proceed to the border stage. The
border stage implies adding one more if-then condition, where six cards (three
red rabbits and three blue boats) out of 12 in total have the added feature of a
black border drawn along the edges. The children are instructed to sort the cards
according to one dimension (e.g., color) if the card lacks a frame and the other
dimension (e.g., shape) if the card has a frame. If the child sorted eight cards
correctly, they passed the border stage. The cards were pseudo-shuffled in all
stages so the child would not sort cards to the same box more than twice in a
row. Each completed stage gave an increased score of 1. That means a completed
pre-switch, post-switch, or border stage scored 1, 2, or 3, respectively. The
average testing time was four minutes if the child did not perform the border
game and ten minutes if the child did.

Measurements of DCCS at two, three, and four years of age are included in
the thesis.

The Theory-of-Mind Scale: Wellman & Liu

The Theory-of-Mind Scale (Wellman & Liu, 2004) was used to measure ToM
ability. The scale consists of tasks where the child was told different stories with
varying degrees of mentalizing demand (Wellman & Liu, 2004). Wellman and
Liu (2004) originally used six tasks. Of these six tasks, two measured FB, and
one measured understanding of HE; the last was expected to be the most difficult.
Only one of the FB tasks, the unexpected content one, was included in the current
project. This is in accordance with the final scale in Wellman and Liu (2004),
which included five items. Also, the fifth task, tapping understanding of
emotional states, was excluded since the children were three years of age at the
first testing condition, and their performance was expected to be low. It was also
prioritized to keep the number of tasks limited since the total amount of tasks at
each testing occasion was large. A cross-sectional study of a sample of typical
Swedish children using the Wellman and Liu scale has been published
(Sundqpvist et al., 2018; the full description of the scale is available in Grape &
Sandstig, 2012; Karlsson & Ostling, 2012). One result from Sundqvist et al.
(2018) showed that the task pertaining to emotion understanding did not follow
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the expected developmental trajectory, whereas the other four ones did (i.e.,
understanding of DD, DB, KA, and CFB). The present thesis included the
following four steps:

1. DD (Diverse Desires) — The participants are supposed to understand that
others may not have the same preferences as themselves when it comes to
food.

2. DB (Diverse Beliefs) — The participants are supposed to realize that others
may not have the same beliefs as themselves regarding where a cat can be
hiding.

3. KA (Knowledge Access) — The participant is shown something odd about the
contents of a box and should recognize that others not shown the contents
could not know the contents of that box.

4. CFB (Contents False Belief) — The participant should understand that two
things are not always as they seem and that even if the participant knows the
fact, others might not.

All tasks have a control (or preliminary) and test questions. A participant
passed a task successfully only if the control (and preliminary) question(s) and
the test question were answered correctly. Each successfully completed task
scored 1, with a maximum score of 4 for the whole scale. The average testing
time was ten minutes.

Measurements of ToM at three, four, and five years of age are included in the
thesis.

Mental State Talk Test: Picture Book Task

The picture book task was used to measure MST used by the parent. The parent
was presented with a plastic binder encompassing ten pictures with emotionally
and mentalistic charged situations, such as a child making an angry face towards
a peer or two children smiling at a cameraman (at the first testing time, pictures
were from Ruffman et al., 2002). The parent was asked to talk about what was
happening in the pictures and to switch to the next picture as soon as the child
showed that it wanted to turn the page. The experimenter then left the room. New
and age-appropriate pictures were used each year. The session was both video-
recorded and audiotaped. The dialogue was later transcribed and coded by the
authors of this thesis, two more experienced researchers, and seven trained
students using a detailed transcription manual. The transcriptions were verbatim,
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adding minor details to ease the computerized MST extraction. MST (Ensor &
Hughes, 2008) in mothers’ language was analyzed for mental state categories,
including all references to cognitive terms (e.g., “think” or “know”), emotions
(e.g., “happy,” “pleased,” or “sad”) and desires (e.g., “want,” “like,” or “hope”).
The task was scored on the number and proportion of mentalizing words used by
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the parent, as well as the size of the vocabulary for each mental state category.
The experimenter came back into the room after approximately ten minutes. The
average interaction time was eight minutes.

Measurements of MST at two and three years of age are included in the thesis.
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Off-Site Measurements

The collection of off-site measurements often required reminders. All parents
who had not answered their questionnaires got email reminders that they had
unanswered questionnaires in their possession almost every week for up to two
months. Text message reminders were used occasionally during the same period.

Swedish Early Communicative Development Inventories
(SECDI)

A Swedish version of the MacArthur Communicative Development Inventory
(MCDI) was used to assess the children’s communicative skills. This Swedish
Early Communicative Development Inventories, SECDI (SECDI; Berglund &
Eriksson, 2000; Eriksson & Berglund, 1999) is based on parental reports and the
second version of the SECDI (appropriate for children between 16 and 28
months) was used, which included a measure of productive vocabulary. A short
version (431 words in total) was constructed encompassing 13 categories of the
complete questionnaire, namely, sound effects and animal sounds, toys, playtime
and routines, places to go to, food and beverages, pronouns, words about time,
numbers and objects, humans, prepositions and places, verbs, conjunctions and
questions, and actions. The Swedish word “tror” was added for the measurement
at two years of age but was accidentally removed for the measurement at three
years of age. The form was scored on the total number of words the child
produced (i.e., the vocabulary as rated by the parent). The questionnaire took
approximately 35 minutes to complete.

Measurements of SECDI at two, and three years of age are included in the
thesis.

Emotionality, Activity, Sociability, Shyness and
Impulsivity (EASI) Temperament Survey

A Swedish version (Hagekull & Bohlin, 1990) of The Emotionality, Activity,
Sociability, Shyness, and Impulsivity (EASI) Temperament Survey (Buss &
Plomin, 1975, 1984) was used. The questionnaire included 25 statements, with
five statements measuring each dimension. All statements were rated on a five-
point scale from not at all true (Stimmer inte alls) to very true (Stimmer mycket
bra). The questionnaire was answered by parents. The questionnaire took
approximately eight minutes to complete.

Measurements of EASI at two, and four years of age are included in the thesis.
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Descriptive results

The parent was asked to fill in a short form with questions regarding the
participant’s name, age, number of siblings, age order amongst siblings, first and
second languages in the household, hearing issues and vision issues, and the
parents’ educational attainment. Education was then ranked on a 7-point scale
utilizing the Hollingshead index (Hollingshead, 1975) to get an index of SES
(see Table 1). A subsample of the total data collected in the project will be
presented in the thesis. A complete listing of the data points collected for each
year and test being focused on in the current thesis is found in Table 2.
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Table 1 - Project Sample Demographics

Measure 2y. 3y. 4y. Sy.

N 180 149 136 54
Retention rate 100% 83% 91% 40%

% of the baseline sample 100% 83% 76% 30%
Mean age in years (SD) 2.33(0.07) 3.37(0.09) 4.36 (0.07) 5.34(0.05)
% girls 56.1% 56.4% 58.8% 63.0%

% with older siblings 64.4% 61.7% 61.8% 63.0%

% parental dyads avg. BD+ 48.9% 48.9% 53.7% 55.6%

% multilingual homes 30.0% 28.9% 28.7% 20.4%

% Swedish as first lang. 87.7% 88.6% 89.0% 92.6%

Note. y. = years old; BD+ = Bachelor’s degree or higher; avg. = average; lang = language.

36



METHODS AND MATERIALS

Table 2 - Test Specification and Sample Size for all Tests and Years
Measured.

Instrument/ Ability/Factor 2y. 3y. 4y. Sy. Testtime
Method Measured 2016 2017 2018 2019 (minutes)*

Hollingshead = SES — Education conf 3
Picture Book  Mental State Talk 8
DCCS EF — Shifting 7
The ToM scale ToM — Verbal 53 10
SECDI Lang — Productive 35
EASI Temperament 8

Note. The tests are ordered as they were presented to the participants. Each cell number
shows the count of all data collected for that measurement and year.; y. = years old; DCCS
= measure of Executive function; ToM = Theory of Mind; SECDI = Swedish Early
Communicative Development Inventories; EASI = Emotionality, Activity, Sociability,
Shyness and Impulsivity Temperament Survey; conf = participants SES was confirmed
using follow-up questions; Blank = not tested; Gray = tested, but not included in the current
thesis; Green = tested; Yellow = tested but testing stopped due to Covid-19 pandemic.; * =
the number is approximate as testing time varied between participants and the year of
measurement.
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Summary of Studies

Study I

In Study I, the ToM scale was investigated longitudinally in a Swedish context.
Previous studies investigating the ToM scale by Wellman and Liu (2004) have
mostly been cross-sectional (for a narrative review, see Pava, 2019). Only two
previous studies (Peterson & Wellman, 2019; Wellman et al., 2011a) have been
longitudinal, and only one has measured the ToM scale at three different time
points (Wellman et al., 2011a). It has not been common practice to evaluate the
ToM scale properly, and the results have been mixed when the scale has been
evaluated using all measures included in the original study by Wellman and Liu.
The field’s current state suggests that the ToM scale has more reliability in a
longitudinal design.

When evaluating the ToM scale using a longitudinal sample, the ambition
was to find an explanation for the fluctuating reliability of the scale while also
validating the scale in a Swedish context.

Sample

Study I was based on data from the last three measurement points of the Brain,
Mind, and Culture: Pathways to Mentalizing, Language, and Reading project.
Two exclusion criteria were implemented after disregarding data points recorded
from the 30 participants who did not return for testing at three years of age. The
exclusion criteria were children not having Swedish as their first language (n =
17), children with hearing or vision impairments (n = 2), and one participant
persistently doing the opposite of what was instructed (n = 1). The attrition and
exclusion criteria decreased the group by 50 participants compared to the initial
sample tested at two years of age. The total number of participants included in
the longitudinal study was 130, 118, and 49 for the measurements at 3, 4, and 5
years of age.

Measures

Only measures of performance on the ToM scale were included in this study.
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Statistical Analyses

Guttman Scalogram analyses were performed to assess the ToM scales
longitudinal stability, cross-sectional scalability (or reproducibility), and
reliability (or consistency). Repeated measures ANOVAs were computed to
analyze gender differences.

Results

The ToM scale captured development reliably in a Swedish context (see Figure
23). The difference in performance between the different steps of the scale was
similar to other studies in similar contexts (Figure 3). Additionally, the
participants very rarely diverted from the general developmental order (i.e., DD
> DB > KA > CFB). More specifically, longitudinal analysis of the Guttman
Scalogram analyses confirmed that the 4-step scale was stable across
measurement years from 3—5 years of age (i.e., 86% followed the Guttman scale
at all three years of measurement) and similarly stable between sequential years
of measurement (i.e., comparisons between 3—4, and 4-5 years of age revealed
consistent Guttman pattern at 81% and 92%, respectively). This suggests that
performance on the ToM scale is predictable and systematic between years of
measurement and across the entire sample. However, the cross-sectional analyses
(i.e., when analyzing each year of measurement separately) revealed that the 4-
step scale was not always reliable. This means that even though most participants
follow the Guttman scale longitudinally, 3- and 4-year-olds do not strictly keep
to the 4-step scale at their respective ages.

In light of this, a 3-step scale (i.e., DD < DB < KA) was analyzed. This scale
was found to be longitudinally stable across all years of measurement (92%),
between 3—4 (86%) and between 4-5 (92%) years of age. When analyzing the
ToM scale cross-sectionally within each age group, the 3-step scale was found
reliable at four and five years of age but not at three years. This suggests that the
4- and 3-step scales show similar longitudinal stability, with the 3-step scale
being cross-sectionally reliable at an earlier age than the 4-step scale®.

3 Only 49 participants were measured at five years of age. Twelve participants only
measured once (11 at three years of age and one only measured at five years of age).

4 When preparing for Study I, information was gathered about previous results pertaining to
the ToM scale. It then became clear that many studies only report Rep and not / values. /
values can be computed given that the researchers reported fail or success rates for each step
in the task and number of participants, for each year and samples included. This has been
done in many previous studies. However, the / value is dependent on Rep and you need to
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Furthermore, gender analyses for a smaller sample size analysis over all three
years of measurement revealed a general effect of gender F(2,92) = 5.757, p =
.026, partial n> = .104, 95% CI [0.05, 0.78] (but not an interaction with age
F(2,92) =1.050, p = .354, partial n> = .022; Figure 4A). Nonetheless, no average
gender differences F(1,116) = 1.457, p = .230, partial n* = .012, 95% CI [-0.09,
0.36], or interactions with age F(1,116) = 0.251, p = .618, partial n> = .002, were
found for summation of the ToM scale scores over the first two years of
measurement (see Figure 4B).

report Rep with three decimal points for the 7 to be computed reliably. It seems common
practice to only report / only using two decimal points, probably because of APA standards,
making the computation very unreliable. It would be beneficial for future studies to report
Rep (and /) using three decimal points.
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Figure 4 - Difference Between the Larger Sample over Three Years and
the Smaller Sample over Two Years for Gender.
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Note. ToM = Theory of mind. Figure (A) depicts the difference between the smaller sample
(n = 49) that participated in all years measured and (B) the larger sample (n = 118) that only
participated in the first two years. The analysis of the smaller sample showed a significant
gender difference where girls performed better than boys. That gender difference is not
present in the larger sample. Error bars show 95 % confidence intervals.
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Study II

Study Il aimed to investigate the role of various temperament dimensions in ToM
development controlling for EF, language, and SES. These factors are commonly
included as covariates when investigating contributions of other influences, as
they are generally related to ToM.

The most common finding concerning the relation between ToM and
temperament is that being shy (or socially withdrawn) is solely (or in symphony
with other types of temperament) related to ToM (e.g., LaBounty et al., 2017;
Lane et al., 2013; Mink et al., 2014; Wellman et al., 2011b). It has also been
found that increased inhibition ability might be related to ToM development
(e.g., Longobardi et al., 2017; Suway et al., 2012). However, most previous
findings have been between temperament and FB tasks. Only one previous study
has evaluated the ToM scale by Wellman and Liu in relation to many different
temperament dimensions (Henning et al., 2011) and not only a single
temperament measure (i.e., a measure of aggression by Song et al., 2016).
Henning et al. (2011) reported that the Activity dimension of the EASI form was
the closest to significantly correlated to the ToM scale across their four groups
aged 3-6 (n = 146). None of the correlation- or regression analyses they
performed showed a significant relation between temperament and the ToM
scale. More studies investigating the relation between earlier temperament and
later ToM development might give new insights.

Sample

Study Il was based on data from the first three measurements of the Brain, Mind,
and Culture: Pathways to Mentalizing, Language, and Reading project.
Exclusion criteria were children with hearing or vision impairments (n = 5);
those who did not return for testing at three years of age (n = 29), did not have
Swedish as their first language at home (n = 15), and participant-related test
difficulties (e.g., not filling in temperament forms correctly, or persistently doing
the opposite of what was instructed; n = 10). The exclusion criteria decreased the
group with 59 participants compared to the initial sample tested at two years of
age.

The final sample included 121, 121, and 111 for ages 2, 3, and 4, respectively.
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Measures

Analyses were conducted on measures of temperament (EASI) at two and four
years of age, ToM at three and four years of age, productive language (SECDI)
at two or three years of age, EF (DCCS) at two, three, or four years of age, and
SES (as measured by averaged parental education) measured at two years of age.

Statistical Analyses

The development of ToM scores was examined using Guttman scalogram
analyses. Spearman correlations were performed to investigate relationships
within and between measures. Structural equation modeling applying path
analyses was used to investigate predictive and concurrent relations with the
ToM scale.

The structural equation model was evaluated using goodness-of-fit (GOF)
measures. GOF measures that are generally recommended were applied.
Specifically, the GOF measures and cut-offs used were the Comparative fit index
(CFI) > .9, Tucker Lewis Index (TLI) > .9, standardized root mean square
residual (SRMR) < .09, a Root mean squared error of approximation (RMSEA)
< .05, and, given our small sample size, a not significant Chi2. Robust
alternatives to the GOF measures that better handle small sample sizes were
chosen when available and marked by a raised letter r (i.e., ).

Results

When considering the zero-order correlations (Table 3), seven were significantly
related to ToM at three and four years of age. ToM at three years of age was
correlated with ToM at four years of age (r = .30, p =.001) and SES (r= .23, p
=.012). ToM at four years of age was correlated with language (r= .24, p =.033)
and the temperament dimension Activity (r =-.23, p = .014) at two years of age,
EF (r= .24, p = .010) and language (r = .21, p = .011) at three years of age, and
EF (r= .28, p = .004) at four years of age. To summarize, all measured concepts
except the temperament dimensions of Shyness and Emotionality were
associated with ToM at one or two measurements.

The path analysis performed (see Figure 5) was found to have an appropriate
fit (Chi2" (30) = 36.929, Chi2 p* = .179, CFI"=.900, TLI' = .817, SRMR = .052,
RMSEA" = .042, RMSEA 95% CI" = [0, .08]). The analysis revealed a few
significant findings. Regarding ToM and temperament, Shyness at two years of
age had a negative relation to ToM at four (Est =-0.348, p =.011, 95% CI = [-
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0.62, -0.08]) years of age. This suggests that Shyness is a factor in ToM
development even when controlling for ToM the previous year.

With regards to other relations included in the path analyses, two control
variables were found to be positively significant, namely SES (Est = 0.134, p =
.034, 95% CI = [0.01, 0.26]) and EF (Est = 0.260, p = .047, 95% CI = [0.00,
0.52]) at two years of age were significant in relation to ToM at three years of
age. Importantly, neither EF at two years of age (or at any age for that matter)
nor SES was associated with ToM at four years of age (i.e., when previous ToM
was included in the analysis). Additionally, the child’s productive language had
no significant association with ToM at any age.

In addition, four within-measure regressions were significant and positive.
ToM from three to four years of age (Est = 0.295, p = .007, 95% CI = [0.08,
0.51]), EF from two to three years of age (Est=0.216, p =.028, 95% CI=[0.02,
0.41]) and from three to four years of age (Est=0.337, p <.001, 95% CI=0.15,
0.52]), and language from two to three years of age (Est = 0.220, p <.001, 95%
CI=[0.13,0.31)).

Pseudo-R? for the model was 10% for ToM performance at three years of age
and 23% for ToM performance at four.

In sum, there were significant relations between ToM and temperament even
when controlling for many other variables previously associated with ToM>.
Interestingly, none of the other control variables were significantly associated
with ToM at any measurement year when controlling for previous ToM.

3 For the sake of completeness, I present an extra path analysis in Study II. A reanalysis of
the path analysis above was performed with the only difference that the ToM scale only
included DD, DB and KA. However, when considering the goodness of fit measures for the
3-step scale, CFI and TLI was found to be low (Chi2* (30) = 37.798, Chi2 p* = .155, CFI' =
.881, TLI"=.782, SRMR = .055, RMSEA" = .047, RMSEA 95% CI" = [0, .09]). Therefore,
the manuscript concentrated on results from the 4-step scale in Study II but still included
findings on the 3-step scale. Nonetheless, three regressions were significant in the analysis
with the 3-step scale. The first two were in relation to ToM at four years of age, namely
ToM at three (Est =0.218, p = .017) years of age, and Shyness at two years of age (Est = -
0.271, p = .009). The last significant regression was between ToM at three years of age and
SES (Est =.145, p = .017) In sum, the only other variables included in our analysis
associated with ToM, apart from ToM itself, was Shyness and SES.
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Figure 5 - The Path Model Used in Study II to Analyze the Data with
Significant Paths Marked.

Emot SES Emot

2y. 4y.

Act
4y.

Shy
4y.

J

ToM

4y.
A

2y. " . / 4y.
Lang 0.22%%*
2y. \ 3y.

Note. All numerical estimates are placed above the regression lines to which they belong.;
y.= years old; ToM = Theory of Mind; EF = executive functions; Lang = productive
language; SES = socioeconomic status as measured by average parental education; Emot =
Emotionality; Act = Activity; Shy = Shyness.
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Study I

Study I1I focused on the social aspects related to ToM, with a prime interest in
the contributions of MST. Both proportional and absolute (or frequency) values
of MST have been presented previously. Still, only absolute values have received
meta-analytic support, maybe because few previous studies report proportional
values (Tompkins et al., 2018). Investigations into the relations between MST
and ToM have only been done once with two-year-old children (Ensor et al.,
2014). More studies investigating the relation between early MST and later ToM
development might give new insights.

Similar to Study II, to make the analysis more informative and to map the
interplay between other explanatory variables, language, EF, number of siblings,
and SES were included as covariates.

Study 111 aimed to investigate how the parents’ MST was related to the child’s
ToM understanding and to describe the mentalizing vocabulary used by Swedish
parents in conversation with their children. Both absolute and proportional
values of MST in relation to later ToM abilities were included. Additionally, one
previous study has analyzed emotional vocabulary size in relation to emotional
understanding (Martin & Green, 2005); however, it seems as if an analysis of
parental MST vocabulary size has never been carried out in relation to ToM. As
parental MST vocabulary size is a potential factor in developing the child’s ToM,
this aspect of verbal communication was also included in the analyses.

Sample

Study 11l was based on data from all four measurement points of the Brain, Mind,
and Culture: Pathways to Mentalizing, Language, and Reading project.
Exclusion criteria were children not having Swedish as their first language (n =
15), inaudible speech or parents speaking another language than Swedish during
MST (n = 8), and children with hearing or vision impairments (n = 2). Finally,
families that did not have the same parent present at all measurements were
excluded to ease the interpretation of the results (n = 30). One additional child
was excluded since it did the opposite of what was instructed when tested at three
years of age (n=1).

After attrition and applying the exclusion criteria mentioned above, 80
participants (52 girls) were included at each measurement year; however, testing
at five years of age was halted before completion because of the Covid-19
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pandemic in April 2020. Therefore, only 32 participants (20 girls) were tested at
five years of age.

Measures

Regression analyses were conducted on measures of MST at two and three years
of'age and ToM at 3, 4, and 5 years of age. Language (SECDI), EF (DCCS), SES
(as measured by averaged parental education), and number of siblings at two
years of age were included as control variables.

Statistical Analyses

Spearman correlations were performed to investigate relationships within and
between measures (Table 4). Latent growth curve model (LGCM) analysis was
used to investigate predictive and concurrent relations with the ToM scale
(Figure 6 and Table 5). Absolute frequency, proportions, and vocabulary size
estimations were analyzed in separate LGCMs. The same GOF measures and
cut-offs as in Study Il were used to evaluate the models included in Study I11.

Results

The basic LGCM analyses showed that the performance on the scale progressed
as expected, with a stable increase at successive years of measurement.

Six significant results were found regarding the uncontrolled (i.e., zero-order)
correlations between ToM and MST (Table 4). Two significant negative
correlations were between ToM at three years of age and absolute frequency (r
=-.235, p=.039) and proportions (r = -.229, p = .043) of cognition words at two
years of age. Two significant positive correlations with ToM were found at four
years of age. The first was related to the proportions of cognition words at three
years of age (r = .263, p = .018). The other significant finding associated with
ToM at four years of age was measurements of cognitive vocabulary size (r =
314, p = .005). Lastly, one significant positive correlation was found between
ToM at five years of age and emotional vocabulary size at three years of age (r
= .557, p < .001). In sum (when considering the correlation results), parents’
propensity to use cognitive words analyzed as absolute frequency and
proportions was associated with the child’s later ToM ability. Also, parent’s
earlier ability to vary their cognitive and emotional vocabulary was related to the
child’s later ToM.
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Three parallel LGCMs revealed, in total, five significant results between
children’s ToM and parental MST (summarized in Figure 6 and Table 5). The
first three were related to children’s ToM ability at four years of age. There were
negative associations with proportions of parental cognition words at two years
of age (Est =-0.10, p = .033, 95% CI =[-0.19, -0.01]) and proportional desire at
three years of age (Est =-0.44, p = .001, 95% CI =[-0.75, -0.13]). Furthermore,
there were positive relations with proportions of parental cognition words at
three years of age (Est = 0.11, p = .029, 95% CI = [0.01, 0.21]). The last two
findings were related to the developmental ToM trajectory (or change), namely
to the absolute frequency of parental cognition words at two years of age (Est =
0.01, p =.035, 95% CI =[0.00, 0.03]) and parental emotion vocabulary at three
years of age (Est = 0.08, p = .027, 95% CI = [0.01, 0.16]). In sum, parents’
propensity to use proportionally more cognitive words at two years of age and
proportionally more desire words at three years of age were associated with
children having lower ToM. However, parents’ propensity to use proportionally
more cognitive words at three years of age was associated with their children
having better ToM. Furthermore, parents’ propensity to use more cognitive
words and a more varied cognitive vocabulary also had a positive association
with the children’s rate of ToM development. At the same time, parents’
propensity to use proportionally fewer cognition words at two years of age and
desire words at three years of age was associated with the child having a better
ToM ability.

The MST and ToM associations aside, the child’s productive language and
SES were significantly related to ToM. Specifically, the child’s productive
vocabulary was associated with its ToM ability regardless of the type of MST
included in the analysis. Additionally, SES was related to ToM ability for
analyses with analyses that included absolute and proportional parental MST but
not the analysis that included parental MST vocabulary size. Importantly, neither
productive language nor SES was significantly related to individual rate of
change of ToM development.

Pseudo R? for ToM level and rate of change of ToM was for the absolute
frequency analysis 39% and 44%, for the proportional analysis 56% and 74%,
and for the vocabulary size analysis 53% and 63%, respectively.
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Table 4 - All Spearman Correlations in Study IIl Excluding Correlations
Between MST Variables.

Measure ToM 3y. ToM 4y. ToM S5y. EF Lang SES Sib
ToM 3y.
ToM 4y. .308%*
ToM 5y. .332 402%*
EF .184 .156 122
Lang 124 285%* 288 .184
SES 301* 121 336 -.083 .040
Sib .022 -.102 -.032 -.037 -.193 .076
Absolute frequency
Cog2y. -235% -.067 206 -177 .103 -.088 -.122
Emo 2y. .019 -.017 234 .109 -.003 -.029 -.020
Des2y. -.023 -.036 235 -.094 .046 -.140 -.059
Cog3dy. -.094 213 .145 -.052 105 .039 -.096
Emo 3y. -.021 .054 271 -.028 .099 192 -.018
Des 3y. .026 .089 .095 -.086 227 .082 104
Proportion
Cog2y. -229* -038 .087 -.151 .027 -.007 -.191
Emo 2y. .037 -.049 306 143 .062 .068 .095
Des2y. .034 .004 150 -.001 .086 -.054 -.103
Cog3y. -.018 263%* .064 -.013 -.010 -.016 -.013
Emo 3y. .014 124 360 .106 .015 154 .028
Des 3y. -.015 .019 -.130 -.055 179 .069 144
Vocabulary size
Cog2y. -.078 -.171 -.062 -.178 -.121 -.092 -.143
Emo 2y. -.094 .026 342 .073 .091 .015 .057
Des 2y. .000 -.162 155 021 .039 .015 .076
Cog3dy. .043 314** 084 -.113 .089 .068 -.172
Emo 3y. .089 175 S57xFx 046 201 191 -.185
Des 3y. -.009 209 .149 -.071 .063 -.017 -.036

Note. ToM = theory of mind; y. = years of age; Lang = productive language; SES =
socioeconomic status; Sib = number of older siblings; EF = executive function; Des =
desire; Emo = emotion; Cog = cognition; * p <.05; ** =p <.01; p <.001.
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Table 5 - Summary of Significant Associations Between ToM and MST in

Study 111.
ToM
Level Change
(at 4 years of age) (from 3-5 years of age)
Absol
bsolute Cognition at 2 y. (+)
frequency
Cognition words at 2 y. (-)
MST . " &
Proportion Cognition words at 3 y. (+)
type
&
Desire words at age 3 y. (-)
Vocabul .
OC:iZ: ay Emotion words at 3 y. (+)

Note. ToM = Theory of Mind; MST = Mental state talk; y. = years old; & = separating
significant findings at the same measurement year.; (+) = positive relation; (—) = negative
relation; * =p <.05; ¥* =p <.01.
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General Discussion

This thesis addressed three general research questions: (1) How can ToM
development be reliably measured longitudinally in a Swedish context with a
specific ToM scale? (2) How do individual factors relate to ToM ability in
preschoolers? (3) What social factors are related to ToM development? In the
following text, the results of the three studies on which this thesis is based will
be discussed. First, the text below will start with a brief summary of the results
in relation to the aims. Second, the details of the results will be discussed in
relation to previous research. Third, the strengths and limitations of the included
studies will be discussed. Lastly, the following sections will discuss the ethical
considerations, theoretical implications, and research gaps.
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Summary of Results in Relation to Aims

How can ToM development be reliably measured longitudinally in a Swedish
context with a specific ToM scale? The current data suggest that some versions
of the ToM scale are slightly more reliable than others, depending on the age
group measured. Findings from Study I suggest longitudinal stability of a 4-step
ToM scale in preschool ages. Cross-sectional analyses within individual ages
revealed that only 5-year-old children reliably perform in a sequential Guttman
pattern of a 4-step ToM scale. Analyses of the 3-step scale showed that it was
longitudinally stable. Additionally, the 3-step scale was reliable when
investigating ToM development cross-sectionally in individual age groups as
young as four years of age.

Consequently, the 3-step and 4-step ToM scales seem to be stable longitudinal
measures of development in the preschool ages, with the 3-step scale being cross-
sectionally appropriate at a younger age than the 4-step scale.

How do individual factors relate to ToM ability in preschoolers? Study 11
shows few significant relations between the individual factors (EF, productive
language) and ToM. EF was positively associated with ToM at three years of
age. Additionally, Shyness at two years of age was negatively associated with
ToM at four years of age. However, EF had an unstable association with ToM,
with only one significant association found despite three measurements included
in the analysis. Additionally, all individual factors (except the temperament
dimension Shyness) were absent when the previous ToM was controlled for.

Consequently, the current thesis gives limited support for the association
between individual factors measured and ToM development. Importantly,
Shyness showed the strongest association with ToM development.

What social factors are related to ToM development? In Study I1I, ToM
ability at four years of age was negatively associated with proportional parental
use of cognition words at two years of age and positively related to proportional
parental use of cognition words at three years of age. These findings present a
complicated connection between MST before the age of four and ToM ability at
four years of age, and these findings will be reviewed later in the discussion
section. Also, proportional parental use of desire words was negatively
associated with ToM ability at four years of age. Crucially, absolute parental use
of cognition words at two years of age and the size of the parent’s emotional
vocabulary when talking with their child at three years of age had a positive
association with the rate of change of ToM from 3-5 years of age.
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Concerning control variables, SES was most often positively related to ToM
at four years of age but never to the rate of change in ToM from 3-5 years of
age. Additionally, the number of older siblings was not found to be associated
with ToM development.

Consequently, the current thesis gives some support for the association
between social factors that were measured and ToM development. Specifically,
the strongest support was found for parental use of cognitive, emotional, and
desire words in communication with their children.
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Discussion

The text below will discuss the details of the current thesis. Each headline
focuses on a subpart of the three aims guiding the current thesis. The following
text intends to situate findings in the present thesis in the relevant research fields.
However, where it was found appropriate, discussions of the current findings
occasionally include relevant findings in less related research fields.

ToM Scale Reliability

Study I investigated the reliability and scalability of a ToM scale (Wellman &
Liu, 2004) in a longitudinal sample of preschoolers aged 3—-5 years. The
psychometric evaluation was performed using Guttman scalogram analyses
(Guttman, 1944). Aggregated analyses were reported across age groups (as
performed in Wellman et al., 2011a) in the supplementary information, and
cross-sectional analyses within the individual ages (as performed in Peterson &
Wellman, 2019) in the main text. In addition, the ToM scale’s longitudinal
stability was evaluated by investigating if the participants kept to the expected
development order at each measurement year.

The expectation that the 4-step scale would be a stable measure of ToM
development across the preschool ages was confirmed in the longitudinal
stability analyses. Knowing this, the scale was evaluated on subgroups in the
dataset. The scale was assessed at each age, and the 4-step scale was cross-
sectionally inappropriate at three and four years of age. Therefore, further
analysis of the 3-step scale was performed. As with the longitudinal analyses of
the 4-step analysis over the total sample, the 3-step scale was stable. The cross-
sectional analyses of the 3-step scale were primarily suitable for each age, except
at three years of age. This finding can be important when comparing groups, as
it is optimal if the ToM scale is appropriate for each group being compared.
Analyzing with this type of reasoning can quickly become an issue, for instance,
when sample sizes within groups become too small. When considering the
previous findings by Wellman et al. (2011a) and Peterson and Wellman (2019)
in relation to the findings in Study I, the take-home message is best captured in
the following statement: the ToM scale might not be consistently appropriate for
participants younger than five years of age.

Study I supports and extends the longitudinal findings, including samples
from other countries and cultures (Wellman et al., 2011a) and older age groups
(Osterhaus et al., 2022; Peterson & Wellman, 2019). For instance, Wellman,
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Fang et al. (2011) never reported a longitudinal stability analysis. Instead, they
report the scalability and reliability of a 4-step scale (i.e., DD>KA>FB>HE)
across two time points for all included groups. Still, their analyses show that their
ToM scale had acceptable scalability and reliability for their included groups.
With regards to Peterson and Wellman's (2019) results, they only report cross-
sectional analyses of scalability (but not reliability) of the ToM scale for the
individual groups they included (i.e., typically developing children, children with
autism spectrum disorder, and deaf children with hearing parents). Almost all
groups were found to have high scalability, except the group with deaf children.
Therefore, it is likely that most groups in their study also had acceptable
reliability.

Moreover, the longitudinal sample was used to extend the previous findings
(i.e., Sundqvist et al., 2018) regarding ToM development in Swedish
preschoolers. Both girls and boys were found to conform similarly to the
expected Guttman pattern, with girls having a slight numerical advantage.
Additionally, boys and girls showed a comparable and stable advancement in
ToM understanding during the early preschool years. Additionally, the ToM
development observed was close to studies conducted in similar countries (for a
narrative review, see Pava, 2019). Therefore, the findings align with the
anticipated result that the ToM scale is sensitive to age-related differences in
ToM ability during preschool (Wellman et al., 2006; Wellman & Liu, 2004).
Also, the 4-step ToM scale shows sensitivity to individual differences in ToM
ability for children aged 3—5, with ceiling effects becoming very likely in older
ages (Devine, 2021; Wellman & Liu, 2004).

ToM Development

In Study II and Study 111, the results reveal that when previous ToM scale scores
were included in an analysis, few other factors were associated with ToM (see
the Temperament in Relation to ToM and Parental MST in Relation to Children’s
ToM sections for the exceptions). This suggests that EF, language, family
composition, and the SES measures included are less related to ToM than
parental MST and child temperament in the present sample. Importantly, the
findings do not suggest that the classically relevant measures are irrelevant,
merely less relevant relative to some measures of MST and temperament.

In line with the findings, a recent book chapter by Devine (2021) presents a
meta-analysis of ToM development from 24—176.5 months (i.e., 2—14.7 years)
of age with a focus on rank-order development. The results support the
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suggestion that ToM development, much like personality and intelligence, is
non-trivial and that early ToM is indicative of a long-term outlook for
development. Devine (2021) further extends these findings by reviewing
research that found ToM in early childhood (i.e., age 6) to have a unique
association with social competence in middle childhood (i.e., age 10), above and
beyond that of EF and language comprehension (Devine et al., 2016). Therefore,
Devine (2021) suggests that a substantial portion of individual differences in
ToM may be related to differences in propensity (e.g., willingness to contemplate
about, and sensitivity towards, other’s perspectives) and fluency (e.g., insight
into the associations between mental states and various contexts).

The current findings, especially those reported in Study I, support the findings
showing that ToM development is stable and gradual when measured yearly.
However, how ToM measurements were collected naturally limits our
conclusions to that timescale, making it impossible to investigate the stability of
ToM development day-to-day or week-by-week. Fortunately, there are some
findings from investigations of ToM ability many times during one year. For
instance, Baker et al. (2016) measured EFB and CFB monthly in a small sample
of 34-64-month-old children. Using Bayesian change point modeling, they
found weak support for stable and gradual, or “sudden insights” in ToM
development when measured monthly. Instead, they suggest a relatively stable
increase in ToM ability over long periods of time, but the ability in the short term
could be very variable. Baker et al. (2016) suggest that there might be
unidentified factors related to ToM development in shorter intervals than one
year, with some instability still present after one year. The findings in Study [/
support their conclusion, as even the current thesis includes subjects with a
variable ToM development on the year-to-year timescale (i.e., 5 out of 49
participants measured at all three occasions). Therefore, more research is needed
to bring forth these currently occluded factors.

Language in Relation to ToM

Relations between productive language and ToM development were (mainly)
investigated in Study II. However, even if Study II included repeated
measurements of productive language, significant associations were only found
with ToM in Study III and consistently with the level of ToM ability at four years
of age, regardless of whether the analysis was performed with absolute
frequency, proportions, or vocabulary size MST values. The findings suggest
that productive language is only inconsistently associated with ToM and never
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when previous ToM is controlled for. Nevertheless, results align with previous
studies involving similar measurements when not controlling for earlier ToM
(e.g., Brooks & Meltzoff, 2015; Farrar & Maag, 2002; Watson et al., 2001).

Production and Comprehension

The included language measure (i.e., SECDI, the Swedish version of the MCDI)
excluded grammar items; consequently, a productive vocabulary measure
remained. The findings by de Mulder et al. (2019) showed that sentence
comprehension around four years of age was related to measures of ToM eight
months later, even when controlling for earlier ToM, age, syntax ability, and
mental vocabulary. They also found that comprehension vocabulary was
associated with later ToM when only controlling for earlier ToM and syntax
ability. Similarly, Devine et al. (2016) found that comprehension at six years of
age (when controlling for age, SES, EF, and teacher-rated social competence)
was associated with ToM at ten years of age. The current thesis does not align
with the findings of de Mulder et al. or Devine et al. For instance, a crucial
difference between Study II and Study Il and de Mulders et al.’s and Devine et
al.’s result is that the current thesis never found that productive language was
associated with ToM when previous ToM was controlled for. This discrepancy
might be because productive language is less related to ToM than
comprehension. However, Milligan et al. (2007) never made this comparison, as
productive vocabulary was not a part of the meta-analysis. Nonetheless, the
information gathered in the current thesis, compared with previous research into
comprehension, suggests a slight advantage for comprehension over production.

A related and important question is how productive language relates to
comprehension since both characterize communicating and interacting with
others. Bottema-Beutel et al. (2019) found longitudinal correlations for
productive and comprehension measures when investigating 8—32-month-old
children, with early comprehension vocabulary predicting later productive
vocabulary and vice versa. To extend these findings, the relationship between
language comprehension and production has been investigated internationally in
a large cross-sectional survey study by Bornstein and Hendricks (2012). They
reported, using a subsample (n = 38845) of children older than one but younger
than five years of age, positive correlations between production and
comprehension for most included countries and ages but found weak correlations
within most countries (weighted mean » = .22). This suggests that production and
comprehension are abilities that are only vaguely indicative of each other.
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Considering these previous results and the language measure used in the current
thesis, the association between productive language ability and ToM might bear
relations to ToM outside of comprehension. The reasoning is that comprehension
is weakly related to production, and production is associated with ToM.
Therefore, a child with a vast productive vocabulary might better aggregate
experiences by using a vocabulary better suited for the social situations the child
experiences at home and preschool. Even though the results suggest that
productive language seems less relevant when including previous ToM, future
investigations including productive vocabulary combined with measures of
comprehension and grammar (and a general measure of language) could give
new insights (echoing Farrar et al., 2017; Milligan et al., 2007).

Insights from Neuroscience: Studies on Adults

The relationship between language and ToM might be illuminated by including
neuroscientific findings. One meta-analysis by Schurz et al. (2021) investigated
the overlap between neuronal architecture related to ToM, empathy, and many
other cognitive functions among adults. As a reference, FB tasks were found to
map to more cognitive brain clusters (e.g., cortical midline, temporoparietal
areas, and medial prefrontal cortex). Observing emotions (i.e., looking at
emotional faces in the Reading Mind in the Eyes task; Baron-Cohen et al., 2001;
Baron-Cohen et al., 1997) were found to map to more emotional brain clusters
(e.g., insulae, supramarginal gyri, and right temporal pole). The most crucial
insight is that the FB and Reading Mind in the Eyes tasks can be found on
different extremes of the cognitive-affective spectrum, echoing Wimmer and
Perner (1983) and Baron-Cohen et al. (1997). With that finding in mind, they
also report that language areas were more related to ToM connected to affect
(e.g., Reading the mind in the eyes task) compared to ToM focusing on cognition
(e.g., CFB or EFB), suggesting that language is more important to the former,
compared to the latter in adults. More research is needed to elaborate on Schurz
et al.’s (2021) findings. In particular, the developmental trajectory from
childhood to adult ages.

EF in Relation to ToM

Study Il was designed to investigate concurrent and predictive relations between
EF and ToM development. When relations between EF and ToM were
exclusively investigated, some significant findings were found: EF at two years
of age is related to ToM development at three years of age (as seen in Study II).
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Multiple (or latent) measures of EF would have given us a richer approximation
of the children’s EF abilities and, perhaps, different conclusions. Still, the chosen
measure of EF was never significant when controlling for other factors.
Therefore, the results do not support EF being amongst the most potent factors
for ToM development. Similarly, the lack of significant findings with EF does
not support EF and ToM development being linked or developed in parallel
through the mediation of social interaction (Moses & Tahiroglu, 2010).
Nonetheless, ToM cannot exist without the support of EF, as thinking about
other’s perspectives in various situations and keeping relational information in
mind implies taxing EF.

Zero-Order or Controlled Analyses

The lack of associations between EF and ToM seems to contradict the findings
presented in an intervention study on 3—4-year-old children (n=44) by Kloo and
Perner (2003), where practice on EF (precisely the DCCS task that was used as
an EF measure in the current thesis) improved FB ability, and not vice versa. The
results also contradict the meta-analysis by Devine and Hughes (2014), finding
associations between EF and FB. However, that meta-analysis was performed on
zero-order correlations and, for the most part, did not control for related
variables. Focusing on the zero-order correlations in this thesis, the results align
perfectly with Devine and Hughes’s findings. A subset of their meta-analysis,
including 48 studies (n = 3584), allowed for partial correlations, controlling for
age and verbal ability. There was still a small to medium relation between EF
and FB in this group of studies. Given the intricate relation between ToM and
other factors, controlling for at least some variables is appropriate to understand
how ToM develops. Verbal ability, maternal education, and previous ToM
ability were included in the path analysis in Study II. In that analysis, EF was
found to be of no crucial importance for ToM in the preschool years when
evaluated in symphony with these other factors.

The question is now, might there be an explanation for this lack of
associations between ToM and EF? Perner and Lang (1999) suggested that the
mental strain of being tested on many tests may dilute the relation between EF
and ToM/FB. As the test battery at each measurement year included many
different tests, that factor might be relevant. However, Devine and Hughes
(2014) did not find support for Perner and Lang’s reasoning with their much
larger inclusion of studies (i.e., 100 different effect sizes) and more systematic
analysis. One aspect that has stayed the same between Perner and Lang’s study
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and the study by Devine and Hughes is the heterogeneity of results when
analyzing relations between EF and ToM. When evaluating the heterogeneity
further, Devine and Hughes (2014) found that larger sample sizes may negatively
affect the relation between ToM and EF. They explain that more extensive
studies often include many different experimenters, thereby introducing more
variation to the test procedure than when the same experimenter tests all
participants in smaller studies. They also suggest an alternative interpretation by
stating that larger samples may be more representative than smaller ones. The
median sample size in their meta-analysis was 68, with an interquartile range of
42 (i.e., 50 % of the sample sizes previously reported are roughly between 47
and 89). When considering Devine and Hughes’ definition, Study II can be
described as an average study considering sample size (i.e., that should find a
significant relation between EF and ToM). Moreover, all participants were tested
by the same experimenter (i.e., no extra random variation was introduced by
including many different experimenters). In this light, and with Devine and
Hughes’s reasoning in mind, Study II and Study 1 did present the expected result
(i.e., a relation between ToM and EF) when considering study design and zero-
order correlations. However, as stated earlier, the role of EF might not be as
relevant when controlling for many ToM-related factors as done in other (and
often more advanced) statistical analyses.

ToM and EF Load

Discussing basic test design when considering the results is important, as some
tests might tax EF more than others. Setoh et al. (2016) presented a study
investigating EF and language loads for solving FB tasks. They reported that
children are often found unable to pass FB tests before four years of age, but if
the EF and language load tests are lowered (by using control questions), then a
child as young as two and a half years of age could be successful. However,
Setoh et al.'s criticism might not entirely apply to the ToM scale. All steps in the
ToM scale have been designed to put as equal demands as possible on EF and
language within steps and differences in demands between steps; Wellman,
2014) by using control questions and visual aids, as suggested by Setoh et al.
(2016). Additionally, no objects changed containers in the FB task (the fourth
step, CFB).

Importantly, there is a difference between the CFB task and the task that Setoh
et al. (2016) investigated. Namely, they used a task where objects change
containers to create a situation with FB (i.e., an EFB task). An unexpected
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contents task was included in the current thesis, where the child realized that a
band-aid box contained something unexpected, namely a nail. Setoh et al. (2016)
removed the object from the box it had moved to in the low-demand setting, and
I did not remove the nail. Therefore, the crux remains in the current project is
that the item was showed in to the participants in the band-aid box remained in
the box when an agent appeared to guess what was in the box. The ToM scale
might tax EF slightly more than Setoh et al.’s (2016) design. This might be
because the test procedure still has some EF load. To test this, additional analyses
were performed to investigate this possibility by correlating the EF measure and
individual ToM scale steps in Study /I, and no significant correlations with CFB
were found. The significant results that were found were predictive and
concurrent correlations with KA. Additionally, the concept of low-demand FB
tasks being able to capture “early” FB has been criticized and hard to replicate
(according to Wang et al., 2019). Still, future research is needed on the topic.

Temperament in Relation to ToM

The analyses in Study II only revealed limited support for temperament being a
significant predictive factor for ToM development. The only significant result
was that Shyness had a negative association with ToM. However, before getting
into details of the results, a theory suggesting that children might be influencing
their social environment should be briefly outlined.

Social Tendencies

The Social tendencies theory by Lane and Bowman (2021) generally states that
children affect the social situations they encounter through their way of
approaching them. Lane and Bowman (2021) reviewed 37 previous findings and
reported that there seemed to be some systematic patterns in the previous
literature. For example, Lane and Bowman (2021) conclude that Activity appears
to be negatively related to ToM. Regarding Shyness, their review of previous
findings suggests that shy and socially observant behavior is positively
associated with ToM. The results align with the general claim in the Social
tendencies theory but not with the specifics.

Shyness

The results are in line with the general conclusion that out of all the temperament
dimensions, the social-withdrawal (or Shyness) has been the most frequent
significant predictor of FB and ToM scale scores (for a review, see Lane &
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Bowman, 2021). However, the findings did not fit the specifics of the relation
between Shyness and ToM, namely, that more Shyness is related to better ToM,
as the results suggest that less Shyness at two years of age was related to better
ToM at four years of age.

It is not apparent why this finding was obtained. There is a discussion about
positive (e.g., interest in observing others interact) and negative Shyness (e.g.,
social anxiousness or lack of social interest) that might be relevant (Lane &
Bowman, 2021). For instance, positive Shyness is positively associated with
ToM, and negative Shyness is negatively associated with ToM (Lane &
Bowman, 2021). There is a possibility that the Swedish translation of the items
in the temperament questionnaire EAS/EASI captures anxious aspects of
Shyness to a greater degree than other languages. However, the items do not
suggest any such difference at face value. Nonetheless, Shyness is still
interesting when it comes to understanding factors related ToM development,
and further research is needed.

Activity

The lack of significant findings between Activity and ToM does not fit the
general conclusion from Lane and Bowman (2021). However, there are previous
findings that align with the null results. An example comes from Wellman, Lane
et al. (2011b), where they investigated Rothbart’s theory of temperament using
the CBQ (and the Child behavior checklist) in relation to ToM in ages around 3—
8 years of age. Even if they included a measure of Activity through the CBQ, no
significant ToM relation surfaced. Another example is Mink et al. (2014), who
(with extreme values in the data) initially found a significant negative association
between Activity at 18 months and ToM at three years of age. However, after
removing four extreme values, they found the relation no longer significant and
concluded that “...the relation between Activity Level and ToM is not a
meaningful one...” (p. 73). Nonetheless, further investigations of the relations
between Activity and ToM are warranted.

The Lack of Stability of Temperament

The stability of temperament is important to consider when trying to understand
the measures of temperament at young ages. It has been suggested that the older
the child gets, the easier it may become to estimate temperament or rate traits
accurately (Bould et al., 2013). For instance, Roberts and DelVecchio (2000)
presented metanalytic results from 152 longitudinal studies that show a lack of
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stability of temperament early in life, with consistency rising (but not
consistently) per decade. The current data does support this line of reasoning.
Notably, there are many high correlations within and between temperament
dimensions and across measurements. However, there are still many instances of
participants being relatively low in Emotionality, Activity, and Shyness at two
years of age but then switching to being relatively high at four years of age (or
vice versa). Because the temperament dimensions fluctuate for many of the
included participants and ages, the results are compatible with findings showing
that temperament stability might emerge later in life (Roberts & DelVecchio,
2000).

Social Factors in Relation to ToM

Analyses performed in Study III revealed that MST is related to ToM.
Specifically, parental use of cognition words was the MST category most often
related to ToM, but emotion and desire words were also associated with ToM.
Similarly, all quantitative types of MST (i.e., absolute frequency, proportions,
and vocabulary size) had instances of significant relations to ToM.

Parental MST in Relation to Children’s ToM

In Study 111, two novel findings within the field of ToM research were reported,
primarily because of the type of statistical analysis used. First, the rate of change
in ToM development from 3—5 years of age was positively associated with the
absolute frequency of parental cognitive words spoken at two years of age.
Second, the size of the emotional vocabulary used by parents at three years of
age was also positively associated with the rate of change in ToM development
from 3-5 years of age. The cognition word finding aligns with, supports, and
extends previous results showing that parental use of cognition words, especially
before age 3, is associated with FB (for a meta-analysis, see Tompkins et al.,
2018). However, the emotion vocabulary finding contradicts the finding that
parental use of emotion words is generally not associated with ToM development
in the ages 0-5 (as highlighted by Tompkins et al., 2018).

Moreover, it is essential to emphasize that this is the first time MST
vocabulary size has been investigated concerning ToM development. In Study
1ll, when comparing emotional vocabulary with the absolute frequency of
cognition words (which is highly related to ToM), the results suggest that
parental emotion vocabulary size is similarly associated with ToM. This finding
indicates that further and perhaps extended analyses of previous research might
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uncover another important aspect of parental MST that has passed unbeknownst
to all since the start of investigations between MST and ToM. To iterate, in Study
111, it is suggested that “...parents with larger emotion vocabularies might be
better at describing the spectrum of relevant emotion states around the child. This
suggestion, however, is a topic for future research and replication” (p. 20).

Other findings from Study III supporting or extending previous research were
that proportions of cognitive words spoken by parents at three years of age were
positively related to ToM ability at four years of age (for a meta-analysis, see
Tompkins et al., 2018) and desire words spoken by parents at three years of age
had a negative association with ToM at four years of age. In addition, negative
associations between ToM and parental use of desire words have been reported
previously (Chan et al., 2020; Taumoepeau et al., 2019; Taumoepeau &
Ruffman, 2008). However, desire words are not always negatively associated
with ToM, and relations between desire and ToM are not generally visible
(Tompkins et al., 2018). Instead, the association between desire and ToM seems
to be age-dependent, with the absolute frequency of parental desire words spoken
positively related to ToM before age three and negatively associated with ToM
development after age three (Taumoepeau & Ruffman, 2008).

Age Sensitivity in Cognition Words Spoken by Parents

A finding from Study III does not align with previous research. Specifically,
parents’ proportions of cognitive words spoken at two years of age were found
to have a negative association with children’s ToM at four years of age. This
finding concludes that parents who talked proportionately more about cognitions
had children with lower ToM. It seems as if no previous study reports a negative
associations between parental use of cognitive MST words and ToM. This
discrepancy can very well be related to the data handling of outliers (discussed
below). Nonetheless, the interpretation of the negative associations between
cognitive MST and ToM is that there might be benefits of focusing on parents
talking about specific MST categories at certain ages. For example, if allowed to
speculate and inversely mirror the findings about desire words, talking much
about cognitions at two years of age and not giving enough context using non-
MST words might result in too high a mental strain for the child (see Figure 7
below), while children might be more readily able to benefit from high
proportions of parental cognitive words spoken at older ages.
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Figure 7 - Change in Association Between Parental MST and Children’s
ToM in Early Ages.

Proportional cognitive words
— — Absolute frequency desire words
~
Positive ToM
association
Negative ToM
association

Years of age

Note. The Figure describes the associations between MST (the colored lines) and ToM (the
y-axis) on a conceptual level between two and three years of age. The dashed horizontal line
signifies the conceptual limit between positive and negative ToM associations for parental
use of MST. The association between ToM development and proportional parental
frequency of cognitive words spoken seems to be negative at two years of age but positive at
three years of age. However, the association between absolute parental frequency of desire
words spoken appears to be positive at three years of age but negative at two years of age.
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Qualitative Aspects of Parental MST

Qualitative aspects of child-parent interaction that have not been included in the
current thesis can be found in MST research. For instance, it is also common to
analyze Mind-Mindedness (MM). MM is a related term that refers to the ability
of a parent to ascribe correct mental states to a child as they are happening
(Tompkins et al., 2018). In addition, a longstanding debate has not been settled
on whether MST or MM is more associated with FB and ToM. However, Devine
and Hughes (2019) found that only MST predicted FB, but both MM and MST
had a weak concurrent relation to FB.

Other quality measures are clarifications, referent, and appropriateness. For
instance, Tompkins et al. (2018) analyzed MST results that include clarifications
(e.g., explaining why a person might be acting in a certain way). They report that
clarifications were more related to FB than simple mental state mentions (e.g.,
saying, “He is thinking”). Additionally, referent (e.g., referring to the child’s,
parent’s, or others’ mental states) and appropriateness (e.g., correctly capturing
and commenting on, commonly, the child’s mental states) are associated with
ToM (Chan et al., 2020; Meins et al., 2001; Symons et al., 2005; Tompkins et
al., 2022). These findings suggest that MST can have qualitative importance for
ToM (Tompkins et al., 2018).

There is no measure of the quality of the MST words mentioned in the current
thesis. However, there was an attempt to capture this measure in the current data.
That attempt concluded that there was a large overlap between the different MST
categories in most statements. For instance, a parent could say, “I think the child
might want to look like it is angry since it did not get an ice cream.” In that one
sentence, the parent mentioned a cognition word (think), an emotion word
(angry), and a desire word (want) in the same sentence. Because of this overlap,
the effort was abandoned, and the analyses presented in Study III were pursued
instead.

Siblings and ToM

Study III includes an evaluation of the association between siblings and ToM.
The results show that the number of siblings had no significant association at any
measurement year. This finding goes against the general finding that siblings are
important for more general social development and keeping friends (Downey et
al., 2015; Downey & Condron, 2004) and FB ability (Devine & Hughes, 2018).
The only explanation for this discrepancy is speculative at best. For instance,
Downey and Condron (2004) clearly showed an association between having one
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or two siblings and teacher measurements of the child’s ability to (1) form and
maintain friendships, (2) get along with people who are different, (3) comfort or
help other children, (4) express feelings, ideas, and opinions in a positive way,
and (5) show sensitivity to the feelings of others. Therefore, Downey and
Condron (2004) are practically investigating emotional understanding, which
can differ from the more cognitively tied ToM measured in the current thesis.
Also, the ToM effect of having siblings that are close in age (i.e., child-aged
siblings) is not present in the emotional understanding results reported by
Downey and Condron (2004), further supporting the separation between ToM
and emotional understanding.

SES and ToM

The results from Study Il revealed a significant and close to systematic
association with ToM. However, the association was limited to ToM ability at
four years of age, but not to the rate of change in ToM development. Therefore,
the current findings align with the meta-analysis by Devine and Hughes (2018),
where SES was found to have a modest but significant association with FBU.

It has been shown that compound SES variables incorporated in analyses that
do not include control of verbal ability have the strongest association with ToM
development (Devine & Hughes, 2018). Additionally, investigations with
children closer to seven years of age and studies that include a wider age range
also had stronger findings connecting ToM with SES. Therefore, the lack of
systematic findings between ToM and SES in the current thesis might be the
result of (1) the included measure of SES (which just barely constitutes a
compound variable), (2) the fact that productive language was included in the
same analysis, (3) a relatively young sample, (4) and a relatively narrow age
range between (and most certainly within) years of measurement.

Given the results presented and the remaining uncertainties, future studies are
suggested to capture SES as a compound measure that includes education,
income, and occupation, with options to include other related variables (Task
Force on Socioeconomic Status, 2007). Additionally, it might be beneficial to
have a wider age range of participants, preferably including older participants,
as SES differences might become more pronounced with age.
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Strengths and Limitations

The main strength of this thesis is that it is based on a longitudinal study that
allows for control for between- and within-subject factors, unlike cross-sectional
studies. Despite a relatively large longitudinal sample, the age variation at each
measured age was kept relatively low compared to similar studies. However,
some limitations should be addressed.

The Pandemic

Having to limit testing the last year due to the Covid-19 pandemic affected many
aspects of the current thesis. Not being able to finish the last year meant that a
complete third measurement of ToM could not be performed. Additionally, EF
could not be measured a fourth time. However, the loss of EF measurement is
not as detrimental to the project’s quality as the loss of ToM data. This is because
the fourth measurement of EF would be more of a proof of concept, and the ToM
was envisioned to give new insight into the development of ToM in relation to
other cognitive factors. However, all other measures were only minimally, or
not, affected by the pandemic.

Scientific Considerations

The proper scientific procedure has become a focused discussion during the last
two decades considering the replication crisis (Shrout & Rodgers, 2018). Related
to the replication crisis are discussions of identifying researcher degrees of
freedom (Simmons et al., 2011) and the widespread occurrence of questionable
research practices (John et al., 2012). As a result, checklists have been published
to exemplify, identify, and reduce the generally problematic scientific
procedures many researchers use. The following sections will cover bullet points
regarding researcher degrees of freedom and questionable research practices in
relation to the current thesis.

Researcher Degrees of Freedom

Simmons et al. (2011) require five important statements from researchers for
reviewers to identify questionable conduct more easily. First, what rule of
terminating data collection was used, which is covered in all method sections of
all studies and the thesis at hand? Second, they require 20 observations per
condition in the case of a t-test. This is discussed in length under the heading
Power below. Thirdly, all variables included in the study are exemplified in the
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current thesis, but only the focused variables included in the current thesis are
mentioned in the individual studies. Fourthly, no manipulations were performed
in the included studies. Fifth, no observations were removed in Study I, and
results with and without eliminated observations (e.g., outliers) are presented in
Study 111 but not in Study II. Regarding excluded tests, it is clearly stated what
variables were included in the other manuscripts being prepared or submitted at
the submission of each manuscript (but not all tests measured in the thesis
project). Sixth, only Study I can be considered to include analyses with covariates
removed (i.e., with and without gender). The main reason is that many model fit
indices were inappropriate for models that did not include covariates in Study 11
and Study I1I. However, Study IIl had an acceptable fit for the absolute frequency
analysis when excluding covariates. In that analysis, the results were the same
regarding the positively significant relationship between the absolute frequency
of parental cognition words and the rate of change in the child’s ToM
development.

Questionable Research Practices

Simmons et al. (2011) presented a 10-point list measuring self-reported
questionable research practices by more than 1400 American psychologists. The
exhaustive list is (1) not reporting all dependent variables, (2) deciding whether
to collect more data after checking if results are significant, (3) failing to report
all study conditions, (4) stopping collection early because the desired result was
found, (5) “rounding off” p-values to make them seem lower than the alfa level
(e.g., .05) when it is higher (e.g., .053), (6) only reporting studies that “worked,”
(7) deciding whether to remove data in light of the results, (8) stating that an
unexpected finding was anticipated, (9) claiming that results are unaffected by
variables not included in the analysis, and (10) falsifying data.

Comments on all points above regarding the current studies and thesis are, in
brief: (1) the ToM scale is the dependent variable, (2) testing at two years of age
was stopped in July because very few new participants would be available for
testing during the end of the summer, (3) was covered in the fourth point under
the previous heading, (4) covered in the second point under the current heading,
(5) each significance test was checked to the 5" decimal and consistently
reported correctly, (6) not applicable, but some tests were excluded because they
did not “work” (e.g., Lazy Susan and CBQ), (7) analyses were presented without
outliers because it was deemed most appropriate, (8) all unexpected findings are
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stated as such, (9) not to the best of my knowledge, and (10) the current work
includes no instance of falsified data.

Statistical Discussion

Scientific studies require that the analyses of the data are appropriately
conducted. The following section elaborates on many relevant aspects of the
analysis performed for the current thesis.

Control

A common way of identifying a confounding variable is to investigate the
correlation the confounder has with the predictor included in the study (Carlson
& Wu, 2012). However, it has been argued that this justification is flawed
(Wysocki et al., 2022). Instead, the suggestion is that researchers should
explicitly state how the variables are causally linked to justify including them as
a confounding variable (e.g., Rohrer, 2018).

Regarding the current thesis, all studies have a clearly defined analysis
structure. However, how the variables are causally linked is not well-defined. To
help define the causal structure, Wysocki et al. (2022) describe (on pages 4-5)
four variable types to explore when defining the causal structure that are also
relevant to the current thesis, namely Confounder, Collider, Mediator, and Proxy.
In general, the results of an analysis will be improved if the covariates included
in the analysis are confounders. However, if included as a covariate, the other
variable types contribute to different adverse effects on the analyses. A brief
judgment of possible causal structures relevant to the Study III has been
exemplified in brief (Table 6). In sum, there are possibly accurate model
alternatives that were not analyzed. For instance, there is a chance that parental
MST can bring about developments in EF and, perhaps more likely, language
development (echoing research regarding Specific language impairment and
deaf children). This mediator effect may consequently aid ToM development.
There is also an ongoing debate regarding the directionality of influence between
ToM and EF, with a lack of research perhaps obscuring the relation between
early ToM and later EF (Wade et al., 2018). Recent research suggests that
directionality may change with increasing age, with EF assisting ToM early and
ToM assisting EF later in the early and middle childhood ages (Osterhaus et al.,
2022).

Given the possible alternative models, it can be considered probable that
appropriate covariates were predominantly included in the current thesis and that

75



GENERAL DISCUSSION AND CONCLUSIONS

appropriate models were analyzed and reported. The analyses also follow the
necessary logic that confounders are measured earlier than or at the same time as
the outcome. However, unobserved confounders, perhaps even confounders not
yet identified, may still be affecting the results.
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Table 6 - Possible Causal Structures Between Predictor, Outcome, and
Control Variables for Study II1.

X (MST) — Y (ToM)

C
Control variable Causal structure  SES Nr. older. EF Lang
type Sib.
Confounder X—C->Y ++ ++ ++ ++
Collider* X—->C«Y — — + _
Mediator X—->C—-Y - - + ++
Proxy X—-C Y — - — _

Note. In the table's first row, the confounder's causal structure is exemplified. The causal
structure shows that the effect of the confounder affects both Mental state talk (MST) and
Theory of Mind (ToM). All included control variables are assumed to be confounders in the
analyses included in Study II1. In the current example, SES, Number of older siblings, EF,
and Language are all assumed to be valid and likely confounders of MST and ToM. X =
Predictor; Y = Outcome; C = Control; SES = Socioeconomic status measured by averaged
parental education.; Nr. older. Sib = Number of older siblings; EF = Executive function;
Lang = Productive language; * = Applicable to the general field of research but not
applicable to the longitudinal analyses performed in Study II1, as no covariate included in the
analysis was measured after the outcome variable.; — = A highly unlikely alternative causal
structure; + = A valid alternative; ++ = A valid and likely alternative.
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Missing Data

Full information maximum likelihood estimation (FIML) was utilized in Study
11 and Study III to handle missing data and outliers being removed. In addition,
a more inclusive version of FIML (FIML.x) was chosen. The normal FIML
removes incomplete cases before calculating the covariance matrix to
approximate missing data. FIML.x, on the other hand, does not remove any cases
and instead keeps all cases, thereby maximizing the information used in the
approximation. As the number of complete cases was a bit lower than the total
sample sizes, FIML.x seemed the most appropriate way to handle missing data
in the current dataset. Nonetheless, when handling missing data and outliers,
statistical methods generally implemented with more extensive datasets (N>200)
were employed. This made analyses susceptible to non-optimal solutions that
might not result in high-quality approximations of missing values (Rosseel,
2020).

Statistical Estimation

On a related note, the data in Study II and Study III were, even after outlier
removal, found to be non-normally distributed. Therefore, robust estimators
were used in the analyses in these studies. There are a few estimators, and a
robust (Hubert-White) maximum likelihood estimator (MLR) was chosen. MLR
performs well in samples with fewer than 200 participants that are not normally
distributed (Li, 2016). This means that the current data fit both criteria. The
measures and cut-offs used to ensure the current models have an appropriate fit
are also common and recommended. Notably, none of the models had significant
Chi’-tests, and almost all had acceptable fit across all included fit indices,
suggesting appropriate fit.

Power

Sufficient power is central to any planned or executed scientific study (Bakker
et al., 2012). The required sample size to acquire the desired power is hinged on
the effect size of the investigated relationship. Unfortunately, statistical power
between factors can be diluted by factors such as non-normality, number of
factors, and more complex models (Kline, 2016; Nicolaou & Masoner, 2013).
Software is now readily available to calculate power in structural equation
models (Jobst et al., 2021), and some rules of thumb have been published in
relation to these diluting factors (Kyriazos, 2018). Two rules of thumb rely on
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ratios between parameters included in the model and the number of participants
(N). The first factor is the number of measured variables (p), and the other is the
number of estimated parameters (q). Both suggest a factor 10:1 (i.e., I por 1 q
per 10 N) to be adequate to achieve necessary power (for a review, see Kyriazos,
2018), but N:q ratio might be best at, or higher than, 20:1 for latent variable
models used on normal distributions and continuous outcomes (Jackson, 2003).
However, recommendations for data similar to the data analyzed in the current
thesis (i.e., MLR estimations with ordinal variables) are >200-500 (Bandalos,
2014).

When calculating the N:p and N:q ratio for the analyses that have been
performed, Study II has a N:p of 8:1 (i.e., 121 participants to 14 measured
variables) and a N:q of 4:1 (i.e., 121 participants to 14 measured variables and
28 estimated paths). For Study III, 80 participants were included, three ToM
variables, six MST variables, and four time-invariant controls measured
variables, giving 13 measured variables and an N:p ratio of 8:1. Additionally,
Study III included 32 estimated parameters (in a 3-time LGCM with ten time-
invariant controls, one observed variable at each time point, and two latent
variables) giving a N:q ratio of 2.5:1.This suggests that the path model in Study
Il and LGCMs in Study 111 have low statistical power.

Statistical Conclusion

There is no way to ensure that the models included in the current thesis are, in
fact, appropriate. As a result, there is a risk that some models are misspecified
and, therefore, the conclusions are erroneous, especially as the sample sizes and
statistical power in Study Il and Study III are low (Rosseel, 2020). Still, as
described in the previous paragraphs, removing outliers and thoughtfully
implementing appropriate estimators reduced the risk of reporting misspecified
models and erroneous results.

Reflections Regarding Tests

Including multiple tests that measure the same cognitive construct would have
increased the chance of getting a stable measurement of that cognitive construct
(e.g., Warnell & Redcay, 2019). Devine (2021) highlights that the ToM scale
might not be optimally sensitive to individual differences, partly because of
ceiling effects past the age of 5 and because of how it was designed (i.e., only
measuring each step of the scale using one test). However, Wellman and Liu
(2004) initially argued that investigations of individual differences using only
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FB tests present a narrow representation of what ToM entails and that the ToM
scale “... could provide a better measure to use in individual differences research
examining the interplay between theory-of-mind understanding and other
factors.” (p. 524). Wellman and Liu’s reasoning culminates in the conclusion
that, in comparison to FB tests, “The current scale is usable with a wider range
of ages, provides a more continuous variable for comparing individuals, and
captures a greater variety of conceptual content. “(p. 537). Nonetheless, Karnell
and Redcay (2019) suggest that “Future work should ideally include several
items from a variety of scales...” (p. 7). Similarly, and more specifically, Devine
(2021) suggests that the ToM scale would simply benefit from measuring each
step ““...using a range of task settings with different characters and materials” (p.
59). Therefore, a better way to capture ToM development could be to combine
the strength of gradually measuring ToM using a scale with the increased ability
to capture individual differences using repetitive measures of each scale step
(including FB).

On a related note, many measurements of EF were included in the project (as
premiered by Carlson, 2003) to increase the chance of getting a stable
measurement of EF. Unfortunately, Lazy Susan (used widely as a WM measure)
had lower and seemingly unreliable test-retest reliability than DCCS. Another
task measuring EF was also implemented at two and three years of age. The task
is called Baby Stroop (Hughes & Ensor, 2005) and is meant to be a useful test
for very young samples. The task requires that the child is proficient at the game
of “topsy-turvey.” For example, if the experimenter asks the child to point to the
(small) baby spoon, the child should point to the (big) mommy/daddy spoon.
This is sequentially tested using baby and mommy/daddy cups. Unfortunately,
the Baby Stroop task was noticeably more challenging than DCCS, where only
6 participants successfully completed the task at two years of age and only 44
participants at three years of age.

The reliability of EF measurements has been suggested to be affected by
attentional issues, and combining EF measures to construct a single score of EF
may be worse than keeping the tasks separate (Blair, 2016). However, given
good reason to doubt the longitudinal stability of the Lazy Susan task (see
Appendix II for a detailed explanation), it was not included in any analysis
because of the risk of introducing unnecessary random variation to interpreting
the relation between EF measures and ToM ability.

The current thesis would particularly have benefitted from multiple
measurement methods being used to capture ToM development. As mentioned,
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a nonverbal eye-tracking test of ToM ability (similar to Surian & Geraci, 2012)
was included. Unfortunately, the test had random test-retest reliability.
Unsurprisingly, the nonverbal eye-tracking test did not correlate with the verbal
ToM measure (i.e., the ToM scale) as even ToM tests designed to capture ToM
ability equally can give high ToM in one test, and low ToM on another for the
same individual (Warnell & Redcay, 2019). Replication issues with similar eye-
tracking tasks have also been highlighted (Boeg Thomsen et al., 2021;
Dorrenberg et al., 2018; Kaltefleiter et al., 2021a; Kampis et al., 2021; Kulke et
al., 2018). Kaltefleiter, et al. (2021a) investigated longitudinal trajectories of
implicit ToM but failed to supply a graph of the individual trajectories in their
study. Hence, only the developmentally and test-retest stable ToM scale was
included as a ToM measure.

One MST-related realization might be relevant. My experience of testing
parental MST is that MST outliers could also be “forced into existence” by not
enforcing a hard stop of the conversation at around ten minutes but instead letting
them finish talking. This led to some dyads talking for a longer time (e.g., 22
minutes) than others (e.g., the study average of eight minutes), naturally leading
to parents uttering more words (and often also MST words) than a parent that
talked for a shorter time period. However, even when enforcing this hard stop, it
does not take care of the dyads not finding the conversation stimulating enough
to keep it going for ten minutes. As stated earlier, when analyzing proportions,
many of the issues discussed above are less of or not an issue at all.

Generalizability

Large resources were needed to complete this thesis and the longitudinal project
it illuminates. The inclusion of other measurements of similar, related, or
unmeasured concepts or constructs would have intensified the resource load.
However, including other variables in the analyses could have altered the results
and conclusions. Therefore, the current thesis (and the results described within)
should be interpreted in the context in which it was performed by acknowledging
the predictor, outcome, and control variables that were (and were not) included
in each respective study.

Furthermore, the sample was geographically restricted to a small part of
Sweden. Additionally, the sample has a higher education than the average in
Sweden. This might have made the result more homogenous than expected from
a sample representing the population better. Western, educated, industrialized,
rich, and democratic (or WEIRD) cultures may not apply to the world’s many
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cultures and traditions (Keller, 2018). Therefore, the results in the thesis may
primarily generalize to families with highly educated parents in Western cultures
and contexts.
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