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Chapter 1: General Introduction

Music is ubiquitous. Whether you are having a meal in a café, driving a car,
playing games, working out, working, or studying, music is likely to be part of the
experience or in the background. However, with the current research evidence, it
remains unclear whether and how music influences our cognition. Moreover, findings
regarding the relationship between music and personality and psychological factors,

such as autism traits, has been mixed and controversial.

Musical sophistication has gained attention in recent years. While an
association has been established between musical training and better cognition, other
dimensions that contribute to musical sophistication, such as perceptual abilities and
active engagement of music, and how they relate to cognition, is underexplored.
Therefore, the current thesis aims to examine the relationship between general and
specific aspects of musical sophistication with cognition. Specifically, it focuses on
the possible positive relationship between several aspects of musical sophistication
and executive functions (EF), an umbrella term for interrelated neurocognitive
processes that are involved in planning, regulating, and adapting our behaviour in
response to the constantly changing environment (Jurado & Rosselli, 2007).
Moreover, its relation to other factors such as personality, and psychological factors,

such as autism traits, is explored.

EFs are important for everyday life (work, school, social interaction, quality of
life), and are known to be related to psychiatric conditions. Autistic individuals tend
to have poorer EFs, and elevated autistic traits are associated with poorer EF (Mason
et al., 2021). However, autistic traits are related to better perceptual ability in
processing music (e.g., pitch discrimination; Dohn et al., 2012). Hence, the current
thesis is interested in exploring the relationship between musical sophistication, EF,
and autistic traits. This chapter will first introduce the definition and concept of
musical sophistication, EF. and autistic traits, then describe the theoretical potential
relationship between musical sophistication, EF and autistic traits, and how this forms

the basis for the subsequent chapters.

Musical sophistication

Research on music and cognition has mainly focused on how musical training,

as defined by the duration of formal musical training or education, affects cognitive



performance. For example, cognitive performances of musicians and non-musicians
are often compared to elucidate its association with musical training (Amer et al.,
2013; Meyer et al., 2020; Strong & Mast, 2019). While the duration of formal training
is an important reflection of musical ability, it does not capture one’s full musical
experience. Skills such as appreciating music, a sense of rhythm, communicating
through music, and engaging in music are considered defining one’s musical ability
by people from different age groups and different levels of musical expertise, whereas
technical skills in music have been perceived to be less important (Hallam, 2010).
This suggests that the level of musical ability should not be operationalised by

musical training only.

To determine the multidimensionality of musical ability, Ollen (2006)
proposed the concept of musical sophistication which incorporates not only musical
skills obtained via musical training, but also musical skills obtained through active
engagement of music in everyday life. In parallel with this proposal, Ollen (2006)
developed a 10-item instrument called Ollen Musical Sophistication Index (OMSI) to
categorise individuals as either more or less musically sophisticated. Mullensiefen et
al. (2014) later expanded the concept of musical sophistication by integrating
cognitive theories of expertise in other domains (e.g., wine and badminton) and
developing a 39-item instrument (i.e., Goldsmiths Musical Sophistication Index;
Gold-MSiI) that could assess musical sophistication on a continuum. Moreover, the
Gold-MSiI defined an empirical model of musical sophistication with five distinct
dimensions: Active Engagement, Perceptual Abilities, Musical Training, Singing
Abilities, and Emotions. While each dimension measures a distinct ability, they could
be combined to provide a score of general musical sophistication. While both OMSI
and Gold-MSI both provide a measure of musical sophistication, the former was
developed using data from musicians only and did not reflect various dimensions of
musical abilities like the Gold-MSI. Despite that, some OMSI items best predicted
musical sophistication (i.e., OMSI and Gold-MSI score), suggesting a correlation
between two measures (Zhang & Schubert, 2019). Therefore, OMSI is used in
Chapters 4 and 5 where a briefer measure was needed due to time constraints, and
because musical sophistication is not the main interest. The Gold-MSI was used in
Chapter 6 given that musical sophistication was the main interest, and it covers more

facets of musical sophistication.



Executive functions

While musical training has been consistently shown to positively relate to EF
(Benz et al., 2016; Bugos et al., 2007), less is known about how other dimensions of
musical sophistication are related to EF. EF refers to a set of high-level cognitive
processes that are involved in planning, regulating, and adapting behaviours in
response to an unfamiliar and changing environment (Gilbert & Burgess, 2008).
Three core EFs are working memory, cognitive flexibility, and inhibition (Miyake et
al., 2000). Working memory contains multiple components involve in the
manipulation and storage of information in mind in the absence of perceptual
information (Cowan, 2008; Diamond, 2013); cognitive flexibility refers to the ability
to adapt to one’s perspective or behaviour in response to new rules or priorities; and
inhibition refers to the ability to suppress one’s urge and impulse, and act
appropriately (Diamond, 2013). These neurocognitive processes are essential for
nearly every aspect of life, such as academic achievement in school (Borella et al.,
2010), job readiness (Bailey, 2007), physical health (Crescioni et al., 2011), and
quality of life (Brown & Landgraf, 2010).

There has been evidence for a positive association between musical training,
working memory and cognitive flexibility (Benz et al., 2016), with musicians
consistently outperforming non-musicians on working memory and cognitive
flexibility tasks (George & Coch, 2011; Meyer et al., 2020; Zuk et al., 2014). This is
supported by a meta-analysis which concluded that musicians perform better than
non-musicians on tonal and verbal working memory tasks with moderate-to-large
effect size (Talamini et al., 2017). The impact of musical training on inhibition is
however inconclusive, with some studies demonstrating a positive effect (Hennessy et
al., 2019), while others find a null effect (D’Souza et al., 2018; Moore, 2018). While
musical training appears to be positively associated with EF overall, it remains
unclear whether musical sophistication and its dimensions, besides musical training,

are associated with EF.

Difficulties in EF negatively affect daily functioning in normal populations.
They are also commonly experienced in neurological conditions such as
schizophrenia (Schaefer et al., 2013), attention deficit hyperactivity disorder (Corbett
et al., 2009), and autism spectrum condition (ASC; Demetriou et al., 2018). For ASC,



a condition characterised by social communication difficulties, and repetitive,
restricted behaviour and interest (American Psychiatric Association, 2013), a
prominent cognitive theory postulates that EF deficits underlie these symptoms (Hill,
2004). It has been suggested that individuals from the general population who possess

elevated autistic traits may also experience EF difficulties (Mason et al., 2021).

Although autistic individuals experience social and EF difficulties, special
isolated abilities are commonly reported among them (Kanner, 1943; Meilleur et al.,
2015). One of the often reported special abilities in autism relates to music perception;
autistic individuals are shown to have superior pitch discrimination performance
compared to neurotypical individuals (Bonnel et al., 2010; Heaton et al., 1998, 2008).
Musicians with absolute pitch display significantly higher levels of autistic traits than
musicians without absolute pitch and non-musicians, and autistic traits correlate with
pitch identification performance (Dohn et al., 2012). Moreover, among a general
population-based sample, parents report that children with an islet of ability or special
abilities, including abilities in music, possess more autistic traits (Vital et al., 2009).
This suggests that autism and autistic traits in the general population might be
associated with enhanced perceptual abilities (i.e., pitch discrimination), a subdomain
of musical sophistication. However, the association between autistic traits and musical
sophistication has not been studied yet. Furthermore, the potential superior musical
abilities are in contrast with EF difficulties that are common for autistic individuals or
individuals with elevated autistic traits, since EFs seem to be positively related to
musical abilities. Thus, the current thesis is interested in disentangling how musical

sophistication, EF and autistic traits are related.

Musical sophistication and executive functions

Debate about whether promoting musical training/sophistication causally
improves EF is ongoing. There is a possibility that pre-existing differences (e.g., in
EF, 1Q or brain structures) determine who are more likely to take musical
lessons/trainings. Cross-sectional comparisons of EF performance between musicians
and non-musicians do suggest a positive association between musical training and EF
(George & Coch, 2011; Meyer et al., 2020). Moreover, brain imaging studies suggest
differences in the activation of several brain areas (e.g., supplementary motor area and

ventrolateral prefrontal cortex) between musicians and non-musicians (Zuk et al.,



2014). However, these findings cannot rule out the potential role of pre-existing
differences in driving the discrepancies between musicians and non-musicians.
Swaminathan et al. (2017) found that association between intelligence and musical
training disappeared after controlling for musical aptitude, but the association
between musical training and musical aptitude persisted even after accounting for
musical training. This further supports the hypothesis that high-functioning

individuals are more likely to take musical lessons/trainings.

In contrast, there are longitudinal findings supporting musical training induces
changes in brain and behavioural performance. Hyde et al., (2009) found no
difference in brain structures between children who received training and children
who did not receive training at baseline, but enlargement of corpus callosum, as well
as increased grey matter in auditory and motor cortex were observed after 15 months
of piano training. Similarly, children who went through two years of musical training
showed stronger activations in regions underlying inhibition than children who went
through sports training and children without musical training (Habibi et al., 2018).
Performance in inhibition improved among children who went through four years of
training, whereas no such improvements were observed among children who went
through sports training or no training (Hennessy et al., 2019). Conflicting results were
also found where there was no impact of musical training on EF (Bowmer et al.,
2018), though it could be due to a shorter training duration (i.e., eight weeks). Hence,
there is mounting evidence for a positive effect of musical training on EF

performance and its associated brain regions.

Despite the debate about the causes and consequences of musical training on
EF, there is a clear association between musical training and EF. Therefore, the
current thesis is interested in examining whether musical sophistication, a construct
that goes beyond musical training, is associated with EF.

Autistic traits

The word ‘spectrum’ in ASC implies that there are substantial individual
differences between people with an ASC diagnosis. Moreover, general populations
could also possess autistic traits to a certain degree even though they do not fulfil the
criteria for a diagnosis. To quantify the autistic traits, the Autism Spectrum Quotient
(AQ), a 50-item questionnaire with five subscales (i.e., social skills, imagination,

10



attention switching, attention to detail and communication), was developed (Baron-
Cohen et al., 2001). Autistic traits appear to be normally distributed in the general
population and the autistic population consistently scores higher than the neurotypical
population (Ruzich et al., 2015). Further evidence suggests that the AQ measures the
intended traits along the autistic spectrum (Murray et al., 2016), and autistic traits as
measured by the AQ are associated with difficulties and strengths that are commonly
observed in ASC such as EF difficulties (Christ et al., 2010), theory of mind
difficulties (Gokgen et al., 2016), and superior pitch discrimination performance
(Dohn et al., 2012) in the general population. Together, these findings corroborate the
use of AQ in assessing autistic traits among the general population and suggest that
studying autistic traits in the general population might provide important insights on
the cognitive processes of ASC.

Research evaluating the validity of the AQ has been primarily conducted in
Western cultures, and there are limited studies examining its validity in Eastern
cultures. While the translated AQ measures autistic traits as intended and observes
similar findings as the original findings, such as sex differences on the AQ score, in
other cultures such as Japan (Wakabayashi et al., 2006), Korea (Ko et al., 2018), and
China (Zhang et al., 2016), there are potential cultural biases that lead to differential
responses and scores (Freeth et al., 2013). Freeth and colleagues (2013) reported that
Malaysian students scored significantly higher than British students on the English
AQ, and they delineate possible cultural differences. For example, Japanese
participants were, on average, slightly more influenced by social contexts than
American participants when processing facial emotions (Masuda et al., 2008). This
may influence how participants from different cultures respond to items assessing
social skills (e.g., Item 36: I find it easy to work out what someone is thinking or
feeling just by looking at their face). Hence, there might be cultural differences in

responses to such items, or more general, on measures of autistic traits.

Research evaluating the reliability and validity of the AQ is scarce in
Malaysia, hence the AQ should be validated first before using it in Malaysia. While
cultural differences in social conventions are undoubtedly contributors to differences
in the AQ scores between cultures, | further expected an influence of language on
how the questions were responded. For example, in the study showing differences

between the UK and Malaysia in AQ scores, the English AQ was administered to all
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participants even though English is the second language of many Malaysian students
(Freeth et al., 2013). Perhaps proficiency in English influenced how Malaysian
participants responded to the AQ, and they might score differently when responding
in their native language. In chapter 2, | report a study that addresses the question of
whether language influences AQ scores and answering tendency, in highly
multilingual Malaysia. Participants responded to the AQ in two languages (English
and Mandarin or English and Bahasa Malaysia). People tend to provide responses in
line with the cultural norms of presented language (Harzing, 2005), thus | expected
that participants would score lower on the English than Mandarin or Bahasa Malaysia
AQ as British students were found to score lower than Malaysian and Indian students
(Freeth et al., 2013).

Besides, the underlying psychometric properties and factor structure of the AQ
are likely to be affected by culture. It has been argued that the conceptualization of
autistic traits in five dimensions in the original AQ is not ideal. Various alternative
factor structures have been proposed (Austin, 2005; English et al., 2020; Hoekstra et
al., 2008; Kloosterman et al., 2011; Russell-Smith et al., 2011), and every alternative
factor structure recommends a shorter version of the AQ (i.e., only including a subset
of the 50 items). An abridged hierarchical version of the AQ-50, the AQ-28, appears
to be more reliable (Hoekstra et al., 2011). The AQ-28 performs similarly or even
better than the AQ-50 (Agelink van Rentergem et al., 2019; Kuenssberg et al., 2014),
and is widely used in research (Dewinter et al., 2017; Geurts et al., 2016; Huang et al.,
2021). Although the AQ-28 is used in Western countries, such as the UK and the
Netherlands, where it was originally and extensively studied, it is unclear whether it
would fit similarly in southeast Asia, such as Malaysia. Chapter 3 focuses on the
factor structure of the AQ, by evaluating its cross-cultural validity and psychometric
properties among the general population in the Netherlands and Malaysia. | expected
that the hierarchical structure of the AQ-28 will be replicated in the Netherlands,
where the AQ-28 had been studied before. However, given the lack of studies on the
AQ in Malaysia, the analyses in Malaysia were more explorative. Cross-cultural
measurement invariance of the AQ-28 was additionally evaluated to verify if the
autistic traits measured in the Netherlands and Malaysia are compatible and
comparable. | expected that the AQ-28 would not achieve cross-cultural measurement

invariance given the differential discriminatory properties in the United Kingdom,
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Japan and India (Carruthers et al., 2018). The mean scores on the AQ-28 of Dutch and
Malaysian participants were compared and expected to align with the prior findings of
Malaysian students scoring significantly higher than British students on the original
AQ-50 (Freeth et al., 2013). Hence, it is predicted that Malaysian participants would
score significantly higher than Dutch participants on the AQ-28.

Music preference and autistic traits

Although musical sophistication includes a broad reflection of musical
abilities, it does not include specific music preferences. One is likely to actively
engage in their preferred/favourite music in everyday life, and active engagement is a
dimension of musical sophistication. There seems to be a link between autistic traits
and music preference. Autistic traits are related to systemizing and empathizing
(Wheelwright et al., 2006). Systemizing is the tendency to analyse systems and rules
that underlie them, whereas empathizing is the tendency to respond appropriately to
others’ emotions and predict their behaviours (Baron-Cohen, 2009). Individuals who
are high on systemizing or empathizing cognitive style prefer Intense (e.g., rock) and
Mellow (e.g., R&B) music respectively (Greenberg et al., 2015). Hence, autistic traits
are potentially associated with specific music preferences. A comparison of autistic
and non-autistic children revealed that the former group shows a greater preference
for perceptually demanding dissonant music than the latter (Masataka, 2017). This
aligns with the notion that those who possess more autistic traits prefer to systemise
and hence might prefer more complex and perceptually demanding music.

That said, to the best of my knowledge, no study has specifically examined the
relationship between autistic traits and music preferences. To address this gap, |
studied whether autistic traits as measured by the AQ-28 would predict a preference
for a certain musical style (Chapter 4). The musical styles | studied can be broadly
categorised into five empirically tested factors in the West (Rentfrow et al., 2011,
2012). The five factors are Mellow, Unpretentious, Sophisticated, Intense and
Contemporary, or MUSIC in short. I first tested whether the MUSIC factors could be
confirmed in Malaysia by using the musical excerpts from the original study
(Rentfrow et al., 2011). | then examined whether autistic traits could predict music
preference from the established music preference factors. | hypothesised that the

MUSIC factors would be confirmed in Malaysia given the substantial support for its
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stability (Bonneville-Roussy et al., 2013) and considerable replication of the MUSIC
factor in Singapore (Heng et al., 2018). Elevated autistic traits were hypothesised to

be related to a greater preference for Sophisticated or Intense music.

Music listening, executive function and autistic traits

Music listening is a form of active music engagement. Listening to music
before or during cognitive tasks appears to have a positive influence on task
performance (Angel et al., 2010; Hallam et al., 2002; Rauscher et al., 1993;
Schellenberg et al., 2007), though null (Giroux et al., 2020; Steele et al., 1997), and
detrimental effects are also reported (Furnham & Strbac, 2002; Giannouli et al.,
2019). While a wide range of cognitive abilities such as spatial-temporal, linguistic
processing, reading comprehension and processing speed were investigated
previously (Angel et al., 2010; Etaugh & Michals, 1975; Rauscher et al., 1993;
Schellenberg et al., 2007), limited research has specifically examined the effects of
music listening on EF. Out of the three core domains of EF, the effect of music
listening on working memory is probably the most studied. Similar to the mixed
findings on other cognitive abilities, positive and null effects of music listening on
working memory are reported (Chew et al., 2016; Schellenberg et al., 2007; Steele et
al., 1997). Less is known about the effects of music listening on cognitive flexibility
and inhibition, though there are indications that music listening has no direct
influence on inhibitory control (Mansouri et al., 2017). Therefore, chapter 5 examines
the effects of music listening on the performance of these three EF domains.

Early research has coined the enhancement in cognitive performance in
response to music the ‘Mozart effect’ since such enhancement has been observed
following the exposure to Mozart music (Jausovec et al., 2006; Rauscher et al., 1993),
but there is little evidence for the Mozart effect (Pietschnig et al., 2010; Steele et al.,
1999). Instead, some have argued that the enhancement in performance is the
consequence of preference because the preferred condition/stimulation has a positive
effect on mood and arousal (Husain et al., 2002; Thompson et al., 2001). Elevated
electrodermal activity (EDA), an autonomic property sensitive to changes in
sympathetic arousal, is commonly observed while listening to preferred music (Davis
& Thaut, 1989; Rickard, 2004). Significant changes in psychophysiological arousal
are only detected when participants find the musical excerpts pleasurable, whereas

14



participants who report no pleasurable episodes show no changes in
psychophysiological arousal, highlighting the pivotal role of preference (Salimpoor et
al., 2009). The current thesis, therefore, intends to compare the performance on each
EF domain while listening to preferred music, relaxing music and no music (i.e.,

silence) in Chapter 5.

Increased physiological response to preferred music is noticed among autistic
individuals, and more so when compared to neurotypical individuals (Hillier et al.,
2016). | examined whether listening to preferred music would lead to better EF
performance and elevated physiological response, and whether autistic traits were
associated with EF difficulties and elevated physiological response (Chapter 5).
Participants completed the EF tasks while listening to preferred music, relaxing music
and in silence (i.e., a repeated measure), and the physiological response was recorded
throughout these three conditions. It was hypothesised that listening to preferred
music would lead to better EF performance and elevated EDA. Moreover, EDA
would positively predict EF performance, and autistic traits would be negatively

associated with EF performance and positively associated with EDA.

Musical sophistication, autistic traits, executive function, and quality of life

While chapters 2-5 focus on different aspects of active engagement in music,
Chapter 6 examines whether musical sophistication as conceptualised by
Millensiefen and colleagues (2014) is related to EF and autistic traits. Hardly any
studies have examined whether musical sophistication is related to EF given that the
concept of musical sophistication has only recently gained attention. However,
musicians have been consistently shown to perform better than non-musicians on EF
tasks (D’Souza et al., 2018; Meyer et al., 2020), and improvements in EF following
musical training are reported (Bugos et al., 2007; Chen et al., 2021). Therefore, it
seems likely that greater musical sophistication would be associated with lower EF
difficulties.

Superior musical ability, especially perceptual ability, has been observed
among autistic individuals (Bonnel et al., 2010), and autistic traits are positively
associated with pitch discrimination performance (Dohn et al., 2012). On the other
hand, EF difficulties are common among autistic individuals (Demetriou et al., 2018)

and those with elevated autistic traits (Mason et al., 2021). Therefore, while autistic
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traits might be positively associated with musical sophistication, or specifically with
perceptual ability, it contradicts with the found negative relationship between autistic
traits and EF. The current thesis aims to address the paucity of research by
investigating the relationship between musical sophistication, autistic traits and EF,

and the seemingly contradictory associations.

Apart from the lack of research, why autistic traits specifically, but not other
traits such as ADHD or schizophrenic traits, were examined in relation to musical
sophistication was motivated by the overlap of genes associated with both musical
aptitude and ASC. Several genes (e.g., AVPR1a, FCGR1C & DLGAP?2) that are
associated with musical aptitude and creativity are also linked to risk for ASC (Israel
et al., 2008; Mariath et al., 2017; Ukkola-Vuoti et al., 2013). Importantly, a
substantial portion of genetic influences are shared between a diagnosed ASC and
autistic traits in the general population (Colvert et al., 2015). Given the shared genetic
influences and overlap of genes associated with musical aptitude, it would be
interesting to examine whether autistic traits in the general population are associated
with musical sophistication, a construct that conceptualises musical ability in multiple

dimensions.

With the indication that EF is crucial for every aspect of life (Diamond, 2013),
and that musical training improves EF (Benz et al., 2016), one might expect that
musical sophistication and EF would be positively associated with quality of life.
Quality of life is conceptualised as subjective well-being in multiple dimensions such
as social, physical, and emotional well-being (Gill et al., 2013). There are indications
that regularly engaging in music activities (e.g., music listening) has a positive effect
on quality of life (Ashley, 2002; Sarkdmo et al., 2014). Given that musical
sophistication refers to the engagement and contribution of different musical activities
to overall musical ability, greater musical sophistication might be associated with a
better quality of life. In addition, a greater level of autistic traits is associated with
poorer quality of life, with potential mediators such as loneliness, social anxiety and
coping strategy (Pisula et al., 2015; Reed et al., 2016). It is unclear if EF mediates the
relationship between autistic traits and quality of life, in which this thesis will explore
by examining whether musical sophistication, EF, and autistic traits are related to
quality of life in Chapter 6. | hypothesised that musical sophistication would be

positively associated with autistic traits and quality of life, and negatively associated
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with EF difficulties. Autistic traits would be positively associated with EF difficulties
and negatively associated with quality of life. EF difficulties would be negatively
associated with quality of life, and potentially mediate the relationship between
autistic traits and quality of life.

Overview of the current thesis

The overarching goal of this thesis is to examine how musical sophistication
and/or specific dimension of musical sophistication are related to autistic traits, EF
and quality of life in the general population. Chapters 2 and 3 focus on validating the
AQ as the AQ was used throughout the studies of the thesis. In Chapter 2, |
investigated whether language influences the response to the AQ among multilingual
Malaysians. Specifically, participants’ responses to the AQ in their native language
and English were compared. In Chapter 3, | evaluated the psychometric properties of
an abridged version of the AQ (i.e., AQ-28) in the Dutch and Malaysian general
population, and whether the autistic traits as measured by the AQ-28 are comparable
between Dutch and Malaysian participants. In Chapter 4, | examined if autistic traits
would be associated with certain music preferences after controlling for other factors
(e.g., age, gender, personality traits and musical ability) that are known to influence
music preferences. In Chapter 5, | investigated if listening to preferred music would
improve the performance on EF tasks compared to relaxing music and silence and
whether autistic traits and EDA are associated with the performance on EF tasks. The
relationship between autistic traits, musical sophistication, EF, and quality of life was

explored in Chapter 6.
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Chapter 2: Language Matters: The Autism-Spectrum Quotient in English,

Mandarin and Bahasa Malaysia

The autism-spectrum quotient (AQ) measures autistic traits and has been studied in
different countries, sometimes with the English version, and sometimes with
translated versions. However, the language of the questionnaire might influence non-
native English speakers’ answering tendency. In the current study, I compared the
responses to the AQ of multilingual Malaysians (96 participants filled out the AQ in
English and Mandarin, and 79 participants filled out English and Bahasa Malaysia).
Participants scored higher on the English AQ compared to the Mandarin AQ, whereas
there was no difference between the English and Bahasa Malaysia AQ score. Analysis
of the response style suggests that the same person might display discrepant response
styles in different languages, which seems to be related to language proficiency.

Based on:
Chee, Z. J., & de Vries, M. (2021). Language Matters: The Autism-Spectrum
Quotient in English, Mandarin and Bahasa Malaysia. Journal of Autism and

Developmental Disorders, 1-11.
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An autism spectrum condition (ASC) is a neurodevelopmental condition
characterised by social impairments and the presence of repetitive behaviour and/or
restricted interests (American Psychiatric Association, 2013). However, people who
are not on the spectrum could also have certain levels of autistic traits. For example,
relatives of someone with an autism diagnosis tend to have relatively more autistic
traits (Bishop et al., 2006). Autistic traits are seen within the general populations
across different cultures (Baron-Cohen et al., 2001; Pisula et al., 2013; Wakabayashi
et al., 2006), and there are different instruments designed to measure autistic traits in
the autistic and general population. However, these instruments might not be equally

reliable in different cultures, or when administered in different languages.

One of the most used instruments to measure autistic traits is the Autism
Spectrum Quotient (AQ). Although this is not a diagnostic or screening tool,
individuals with an ASC tend to score significantly higher than the neurotypical
population (Baron-Cohen et al., 2001; Ruzich et al., 2015). The AQ has been
translated into numerous languages and some of the translated versions of AQ have
been validated in their respective countries (e.g., the Netherlands; Hoekstra et al.,
2008; Poland; Pisula et al., 2013; Japan; Wakabayashi et al., 2006; China; Zhang et
al., 2016). Despite the validation of the translated AQ in some countries, other studies
show that people from different countries might score differently on the AQ. For
example, Malaysian students and Indian students scored significantly higher than
British students on the English AQ (Freeth et al., 2013). The authors proposed that
this difference could be attributed to the differences in expressing or interpreting
autistic traits between cultures. This might indeed partially explain the difference. For
instance, it was suggested that people from an Eastern society like Malaysia would
respond differently to certain items assessing social skills because the norm behaviour
that the AQ refers to is derived from Western societies and might not be directly
applicable to Eastern cultures (Freeth et al., 2013). For example, there may be a
modest average difference between East Asians and Americans in the extent to which
contextual variables affect processing of facial emotions with the former group
affected slightly more by social context (Masuda et al., 2008). This might influence
the answer on AQ item 36 (“I find it easy to work out what someone is thinking or
feeling just by looking at their face”). East Asians might more likely disagree with

this statement, given the relatively larger focus on context, while Americans might
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endorse this statement more often. Recent evidence using the AQ-Child (Auyeung et
al., 2008), which is similar to the original self-reported AQ but reported by parents,
supported that expression or interpretation of several AQ items may differ between
cultures (Carruthers et al., 2018). Hence, differences in AQ scores between cultures

can (partly) be explained by cultural differences in beliefs and behaviours.

Language, cultural accommodation, and ethnic affirmation

The language of a questionnaire can also influence the answering tendency of
respondents. Two theories that aim to explain this phenomenon will be discussed, 1)
the cultural accommodation theory, including the Sapir-Whorf hypothesis that aims to
explain this theory, and 2) the ethnic affirmation theory. The cultural accommodation
theory poses that using a certain language will activate the cultural values associated
with that language, triggering a response that is consistent with the culture associated
with that language (Harzing, 2005). For example, bilinguals from Hong Kong who
completed an English version of the Schwartz Value Survey (SVS), which measures
how important a cultural value is to the respondent, scored higher on ‘Western’
culturally important values (e.g., individualism), whereas those who completed the
Chinese SVS scored higher on ‘Eastern’ values (Ralston et al., 1995). Similar
differences between native and second language responses were found on
questionnaires measuring elective choice and ideal job, which participants filled in
either in English or their native language (except for British participants who only
completed the questionnaire in English) in eight (Harzing et al., 2002), and 24
countries (Harzing, 2005). The scores of non-native English speakers on English
questionnaires were closer to the British means than the scores of the primary
language of the respondents. Reporting cultural values hence seems to be affected by

language.

Cultural accommaodation is also found in personality measures. Spanish-
English bilinguals reported themselves to be more extraverted, agreeable and
conscientious when responding in English than when responding in Spanish
(Ramirez-Esparza et al., 2006). This is consistent with the idea that native English
speakers are more extraverted, agreeable and conscientious than native Spanish
speakers (Ramirez-Esparza et al., 2006). Likewise, Mandarin-English bilinguals who
responded in English scored higher on global trait emotional intelligence than those
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who responded in Mandarin (Gokgen et al., 2014). Again, this corresponded with the
idea that overall British respondents scored higher on trait emotional intelligence than
Chinese respondents. Besides supporting the cultural accommodation theory, these

findings suggest that cultural accommodation may even apply to relatively stable and

non-cultural constructs like personality.

The Sapir-Whorf hypothesis (i.e., linguistic relativity hypothesis) suggests that
the language we use influences our cognition (Lucy, 2015), activating the pre-existing
cultural settings that the language is associated with (Patrdo, 2018). This might
explain cultural accommodation. Participants from mainland China and Taiwan who
were instructed in Mandarin displayed a greater tendency to group objects based on
relationship (i.e., consistent with the collectivistic view) than participants who were
instructed in English (Ji et al., 2004). Moreover, Mandarin-English bilinguals
displayed more dialectical thinking when responding in Mandarin (Chen et al., 2014),
which aligns with East Asians’ enhanced dialectical thinking style compared to
Westerners (Boucher & O’Dowd, 2011). This suggests that possibly cultural
accommodation happens because language triggers the user to temporarily display

cognitions congruent with the culture associated with that language.

It seems that cultural accommodation can apply to cultural values, and
personality, and might be explained by cognition. The effect is found in different
experimental designs (i.e., between- and within-subject) and in both written and
spoken language (Chen et al., 2014). This implies that cross-cultural differences might
be lost when English questionnaires are administered in different countries for cross-
national comparison. Therefore, it warrants research to investigate whether cultural

accommodation would apply to autism characteristics as measured with the AQ.

An alternative, and opposing, theory is ethnic affirmation, suggesting that
respondents are more likely to display responses consistent with one’s own
ethnic/culture when responding in their second language (Yang & Bond, 1980).
Mandarin-English bilinguals showed more identification with Chinese culture when
responding in English than when responding in Mandarin on two out of three
questionnaires (Bond & Yang, 1982). However, item analyses revealed cultural
accommodation on some items as well. Bond and Yang (1982) suggested that ethnic

affirmation is more likely to happen than cultural accommodation when an item is
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more important to the participant’s ethnic identity/culture. However, a later study
found cultural accommodation rather than ethnic affirmation when explicitly
measuring the importance of cultural values to the participants (Ralston et al., 1995).
Therefore, it seems that cultural accommodation is a more robust finding.

Established cultural differences are a prerequisite for possible language effects
(e.g., Ramirez-Esparza et al., 2006). Although it is unclear whether autistic traits are
influenced by culture, the AQ measures deviant behaviour according to British
standards, and what is considered deviant might be influenced by culture. Moreover,
Malaysian students score higher on the AQ than British students, suggesting cultural
differences (Freeth et al., 2013). Besides previously mentioned facial emotion
processing, interpretation of pretend play (included in the AQ) might be influenced by
culture. On the Western instrument The Child-Initiated Pretend Play Assessment,
75% of neurotypical Malaysian children were reported as showing atypical pretend
play suggests that there might be cultural bias (Vetrayan et al., 2016), and hence
language effects when measuring autistic traits with the AQ. According to the cultural
accommodation theory, Malaysians might score lower on the AQ when answering in
English, reflecting typical Western behaviour, compared to answering the AQ in their

primary language.

Response style

Besides language effects, response styles (RS) vary between cultures. RS is
defined as the tendency to produce systematic responses independent of the
underlying construct that the questionnaire is designed to measure (Baumgartner &
Steenkamp, 2001). Two types of response styles that might be at play are extreme RS
versus middle RS (the tendency to use extreme or middle responses on a Likert/rating
scale), and acquiescence RS versus disacquiescence RS (the tendency to agree or
disagree with a statement regardless of the content) (Harzing, 2006). East Asians
seem to display more middle RS compared to Westerners, who display more extreme
RS (Chen et al., 1995; Harzing et al., 2012). Greek respondents displayed more
acquiescence and extreme RS in comparison to respondents from Italy, Spain, France,
Germany and the United Kingdom (Van Herk et al., 2004). RS can also vary between
ethnicities from the same country. In the United States, Hispanics consistently
exhibited a more extreme RS than non-Hispanics (Culpepper & Zimmerman, 2006;
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Hui & Triandis, 1989). In Israel, Arabs display a more extreme RS than Jewish
participants (Baron-Epel et al., 2010). In Malaysia, Malays tend to demonstrate a
more acquiescence RS and a positive extreme RS (i.e., the higher end of a rating
scale) than Chinese Malaysians (Harzing, 2006). The variation of RS according to
ethnic background appears to be robust even after controlling for sex, parents’
educational background and academic achievement (Bachman & O’ Malley, 1984).
Taken together, there are differences in RS between and within countries which could
introduce artefacts not pertinent to the content of the questionnaire.

Apart from nationality and ethnic background, language is one of the most
influential determinants of RS. More extreme RS is observed when one responds in
their native language compared to a non-native language (Harzing, 2006).
Additionally, on English questionnaires, it appears that English proficiency is
positively associated with extreme RS (Messner, 2017). Generally, one is more likely
to use extreme responses when answering in one’s native language, or when one’s
English proficiency is high when answering in English. With respect to acquiescence

RS and disacquiescence RS, the findings are not entirely clear.

The current study

Malaysia is a multilingual and multi-ethnic country in which each ethnic
group retains their mother tongue (Albury, 2017) and cultural values, yet English
proficiency in Malaysia is relatively good (Education First, 2019), especially in urban
areas and at international universities. Therefore, | employed a within-subject design
to study language effects on the AQ at a British university in Malaysia where the
admission requirements necessitate English proficiency. A within-subject design
makes it possible to directly compare individual language tendencies, which is not

possible in between-subject designs (Harzing, 2005; Harzing et al., 2002).

The main aim of this study was to investigate whether Malaysians differ in
their responses to the AQ when answering in English, and in their primary language
(Mandarin or Bahasa Malaysia). Firstly, I hypothesised that cultural accommodation
would be observed on the AQ, where participants would score lower on the English
than on the Mandarin/Bahasa Malaysia AQ. Previous studies showed that Westerners
score lower on the AQ than Asians (Freeth et al., 2013; Wakabayashi et al., 2006),

which suggests that Western values are associated with lower scores on the AQ (a low
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AQ score reflects ‘typical’ behaviour according to Western values). According to the
cultural accommodation theory, Malaysians are expected to display a more Western
response to the English AQ, than when they respond in their primary languages.
Secondly, | predicted that participants would display a more extreme RS in their
primary language, i.e., the language that they are most proficient in, their mother
tongue. Finally, although acquiescence RS varies across countries and ethnicities,
there is no clear pattern to how it varies according to language. | hence expect a
difference, but no specific direction is predicted.

Method
Participants

Mandarin/English Sample. The English and Mandarin AQ were completed
by 96 participants (64 females and 32 males; response rate on follow up questionnaire
= 64.4%). The participants were all Chinese Malaysians, between the age of 18-26 (M
=19.9, SD = 1.77).

Bahasa Malaysia/English Sample. The English and Bahasa Malaysia AQ
were completed by 79 participants (53 females and 26 males; response rate on follow
up questionnaire = 64.8%). The ethnicity of participants who completed the English
and Bahasa Malaysia AQ were more diverse (see Table 2.1) with an age range of 18-
29 years (M =20.1, SD = 2.11).

Participants rated their proficiency in English, Mandarin and Bahasa Malaysia
using a 7-point Likert scale (non-user, not very good, some basic knowledge, basic
communication skills, competent, fluent and native speaker; see Table 2.1). Only
participants who reported to have some basic knowledge or higher in both English
and Mandarin or Bahasa Malaysia were included. Moreover, | used this measure to
determine the participants’ native language. However, some participants (in both
groups) did not report that they were a native speaker in any of the languages. In the
Mandarin/English sample, most participants rated themselves higher in Mandarin than
English proficiency (n = 62), some participants rated themselves equally in Mandarin
and English proficiency (n = 21), and some higher in English than Mandarin
proficiency (n = 13). For the Bahasa Malaysia/English sample, 35 participants rated
themselves higher in Bahasa Malaysia than English proficiency, 23 rated themselves
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equally in Bahasa Malaysia and English proficiency, and 21 rated themselves higher

in English than Bahasa Malaysia proficiency.

Table 2.1

Demographics of the participants

Sample

Characteristic English vs English vs Bahasa
Mandarin (N =96) Malaysia (N =79)

Sex
Males 32 (33.3%) 26 (32.9%)
Females 64 (66.7%) 53 (67.1%)
Age (in years)
M+ SD 199+1.77 20.1+£2.11
Ethnicity
Malay - 28 (35.4%)
Chinese 96 (100%) 40 (50.6%)
Indian - 8 (10.1%)
Others - 3 (3.8%)
Proficiency (Median)
English 5 (Range = 3-7) 6 (Range = 3-7)
Mandarin 7 (Range = 4-7) -
Bahasa Malaysia - 6 (Range = 4-7)
p <.001™ .06

Note. *p < .05, **p < .01

Measures

The original English AQ (Baron-Cohen et al., 2001) and the Singapore
Mandarin version of AQ (Autism Research Centre, n.d.) were used (see Appendix |
for the original English AQ). There was a minor correction to the Singapore Mandarin
AQ (the meaning of items 13 and 24 in Singapore Mandarin AQ were opposite to the
original AQ). Additionally, the AQ was translated to Bahasa Malaysia, using
translation-back-translation according to recommendation (Tsang et al., 2017). The

ordinal alpha was reported as recommended by Zumbo et al. (2007) to estimate the
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internal reliability of Likert scales. The internal reliability of the English AQ (o = .85;
Mandarin/English, a = .88; Bahasa Malaysia/English), Mandarin AQ (« = .86), and
Malay AQ (a = .87) were good.

Instead of using the original scoring (i.e., 0 for definitely agree and slightly
agree and 1 for definitely disagree and slightly disagree, or vice versa), | used the
scoring of 1 — 4 (200 was the maximum score), given the reported more reliable range
(Murray et al., 2016) and higher internal consistency and test-retest reliability
(Stevenson & Hart, 2017). Half of the AQ items are reversely structured, thus half of
the items would score 4 and 3 points for definitely agree and slightly agree, and
another half of the items would score 4 and 3 points for definitely disagree and
slightly disagree (Baron-Cohen et al., 2001). Given that the subscales of AQ have not
shown consistency (Murray et al., 2017), | only studied the total AQ score.

The total extreme and middle RS were calculated by giving a scoring of one
for items that were scored as definitely agree or definitely disagree (extreme), and
zero for items that were scored as slightly agree or slightly disagree (middle). The
acquiescence RS was calculated by dividing the number of items that were scored as
definitely agree and slightly agree, by the total items in AQ. The calculation of
extreme RS and acquiescence RS followed a previous study (Harzing, 2006), and they
were calculated while ignoring the reverse scoring of the AQ, which would give an

estimate of how likely a participant would display an RS regardless of the content.

Procedure

This study was approved by the Science and Engineering Research Ethics
Committee of the university (Ethics Identification Number: OF220119). The
participants were recruited through the faculty’s study participation recruitment email.
After obtaining consent from participants, participants were asked to provide some
basic demographic information (e.g., ethnicity, gender, field of study and age), and
rate their fluency in English, Mandarin and Bahasa Malaysia. The order of the AQ
language was counterbalanced such that approximately half of the participants
completed the English AQ first, and the other half completed the Bahasa
Malaysia/Mandarin AQ first.

The follow-up questionnaire in English, Bahasa Malaysia or Mandarin was

sent to the participants approximately one week after they completed the first
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questionnaire. If the participants did not respond to the follow-up questionnaire, a
reminder email was sent after roughly a week of the follow-up email (N days between
questionnaires: Mandarin; M = 10, SD = 5; Bahasa Malaysia; M = 12, SD = 11).

Students received study credits or compensation for their participation.

Results
Planned analysis

The independent variable of the current study was a repeated measure (i.e.,
language). Hence, a one-way repeated-measures ANOVA was used to determine if
the participant scored differently on the AQ in different languages. The normality of
data was checked before conducting the analyses. Given that the independent variable
only had two levels (i.e., Mandarin vs English or Malay vs English), a sphericity test
was unnecessary (Field, 2018). Non-parametric tests were used if the assumptions for
normality were violated, or when the data were count (e.g., extreme and acquiescence
RS). All analyses were conducted with SPSS v25 (IBM Corp., 2017).

Mandarin vs English

A one-way repeated measures ANOVA revealed that there was a significant
difference between the total score on the English and Mandarin AQ, F(1, 95) = 12.6,
MSE = 26.9, p <.001, np? = .12. The participants scored higher on the English AQ
compared to the Mandarin AQ (see Table 2.2).

A non-parametric Friedman’s test (M. Friedman, 1937) was conducted and
revealed a significant difference between total extreme RS on the English and
Mandarin AQ, #*r(1) = 4.15, p = .042. The participants displayed a more extreme RS
on the Mandarin AQ than on the English AQ (see Table 2.2).

A Friedman’s test revealed that there was no significant difference in
acquiescence RS between the Mandarin and English AQ (see Table 2.2), /%#(1) = .42,
p=.59.

Bahasa Malaysia vs English

After the removal of two outliers, the normality assumption was met (n = 77).
A one-way repeated measures ANOVA revealed no significant difference between the
total score on the English and Bahasa Malaysia AQ, F(1, 76) = .48, MSE = 19.4,p =
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49, np? = .006. Given the cultural heterogeneity of the sample, | analysed the Malay
participants’ data separately (n = 28). The one-way repeated measures ANOVA
revealed again no significant difference between the total score on the English and
Bahasa Malaysia AQ, F(1, 27) = .52, MSE = 21.3, p = .48, np* = .02.

A Friedman’s test was conducted. There was a significant difference between
the total extreme RS on the English and Bahasa Malaysia AQ, 7% (1) = 34.7, p <
.001. The participants were more likely to display an extreme RS on the English AQ
than on the Bahasa Malaysia AQ (see Table 2.2). Analysis with only the Malay
subsample revealed a similar result, y*(1) = 20.57, p < .001.

A Friedman’s test revealed that there was a significant difference in
acquiescence RS between the Bahasa Malaysia and English AQ, % (1) =5.56 p =
.02. The participants displayed a more acquiescence RS on the English than on the
Bahasa Malaysia AQ (see Table 2.2). Repeating the analysis with only Malay
participants revealed a similar result, 7%=(1) = 9.00, p = .004.

Table 2.2
The mean (standard deviation) of total AQ score, median of total extreme RS and

median of acquiescence RS on English, Bahasa Malaysia and Mandarin AQ.

Language
English  Mandarin p English  Bahasa p
Malaysia
Total AQ
Mean 120 117 <.01” 117 117 49
(SD) (11.5) (11.9) (9.45) (8.26)
Extreme RS
Median 12 15 04" 14 8 <.01™
Range 0-46 0-40 1-36 0-34
Acquiescence
Median 58 .56 59 .60 58 02"
Range 30-.84  .32-84 .30-.88  .32-.82

! Analyses including the outliers showed similar results, F(1, 78) = .94, MSE = 19.6, p = .34, np? =

.012.
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Note. *p < .05, **p < .01

Language proficiency

Because of the variability in first and second language distribution, and
English language proficiency (particularly in the Bahasa Malaysia sample), |
additionally explored with a correlational analysis whether English language
proficiency was related to the total AQ scores, extreme RS and acquiescence RS. |
conducted Pearson correlations although the data were ordinal or count because it was
demonstrated that Pearson correlation is robust against violations and could produce
similar results as Spearman correlation (Norman, 2010). English proficiency was
negatively correlated with total AQ scores in the Mandarin/English sample, r(94) = -
.22, p = .03, and positively correlated with extreme RS in the Bahasa
Malaysia/English sample, r(77) = .26, p = .02 (See Table 2.3).

Table 2.3
Correlations between language proficiency and the outcome variables in the

corresponding language.

Sample
Mandarin/English (N = 96) Bahasa Malaysia/English (N =
79)
Mandarin English Bahasa Malaysia English
Proficiency Proficiency Proficiency Proficiency
Total AQ .01 -.22" .03 -.13
Scores
Extreme RS -.02 19 14 26"
Acquiescence  -.02 14 .05 .18
RS

Note. *p < .05, **p < .01

Discussion

The main aim of the current study was to investigate whether Malaysians who
speak more than one language would respond differently to the English and
Mandarin/Bahasa Malaysia AQ. In contrast to the hypothesis, the Mandarin/English
sample scored higher on the English than on the Mandarin AQ. There was no

significant difference between the English and Bahasa Malaysia AQ. In line with the
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hypotheses, a more extreme RS was seen on the Mandarin AQ compared to the
English AQ. In contrast, a more extreme RS was seen on the English than on the
Bahasa Malaysia AQ. Moreover, while no differences were found in acquiescence RS
in the Mandarin/English sample, the Bahasa Malaysia/English sample displayed a
more acquiescence RS on the English than on the Bahasa Malaysia AQ. Explorative
analyses showed that English proficiency was negatively correlated with total English
AQ scores in the Mandarin/English sample, and positively correlated with extreme RS
in the Bahasa Malaysia/English sample.

Mandarin vs English

The results did not support the hypothesis that the score on the Mandarin AQ
would be higher (i.e., cultural accommodation theory) than on the English AQ. In
fact, | found the opposite. A possible explanation might be that ethnic affirmation
took place (Yang & Bond, 1980). This is surprising given the lack of consistent
support for this theory, and if supported, it occurs in the context of culturally
important content (Bond & Yang, 1982), which is not expected with the AQ.
Regardless, the current findings demonstrate that Chinese Malaysians are likely to
display elevated scores on English AQ, which might not accurately reflect their
autistic traits. The elevated English AQ found in the current study could partly explain
previous findings (Freeth et al., 2013), where Malaysian students scored relatively
high on the English AQ. However, the average scores on the Mandarin AQ in the
current study were still higher than the scores of the British students in the study by
Freeth and colleagues (2013), hence it might not explain the full picture. Moreover,
Japanese also score higher than British even when responding in their native language
(Wakabayashi et al., 2006). Since English proficiency was negatively correlated with
English AQ scores, better English proficiency might lead to lower English AQ scores
and diminish the currently found language differences. The current findings hence
suggest that the Mandarin AQ scores reflect a more reliable range given the possible

contamination of proficiency on the English AQ.

In line with previous findings (Harzing, 2006), participants displayed a more
extreme RS in Mandarin, in which their proficiency was higher than in English, and
they were more likely to display middle RS in English. This is consistent with
findings demonstrating more a middle RS when responding in English compared to
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one’s native language (Harzing, 2006). Moreover, my study showed that this effect is
even present within the same person. This implies that participants might be more
confident to use explicit and strong answers in their native language, and it might be

more reliable to administer a questionnaire in someone’s native language.

There was no difference in acquiescence RS between the Mandarin and
English AQ, where previous studies showed differences between nationalities and
ethnicities (Harzing, 2006). However, previous studies did not explicitly test whether
acquiescence RS would differ between languages (Harzing, 2006). The current
findings suggest that the tendency to agree or disagree with an item might not differ
between the Mandarin and English AQ.

Bahasa Malaysia vs English

There were no differences between the Bahasa Malaysia and English AQ
scores, implying that cultural accommodation did not take place within the whole
sample nor the Malay-only sample. However, the results are challenging to interpret
given the diversity of the sample. For the Chinese Malaysians, both English and
Bahasa Malaysia were not their first language, and for the Malay, on average, their
English language proficiency was higher than their Bahasa Malaysia proficiency. In
short, Bahasa Malaysia was not the primary language for the majority of this sample.
Previous findings of language effects were based on a comparison between
primary/native and second languages (Gokcen et al., 2014; Ramirez-Esparza et al.,
2006; Zavala-Rojas, 2018). The current findings suggest that cultural accommodation
might not be detected when not directly comparing one’s primary and secondary

language.

In contrast to the expectation that participants would show a more extreme RS
in Bahasa Malaysia (which | assumed to be their native language), the Bahasa
Malaysia/English sample were more likely to display an extreme RS on the English
AQ than on the Bahasa Malaysia AQ. This, however, might not be surprising in light
of the observed positive correlation between English proficiency and extreme RS in
the Bahasa Malaysia/English sample (Table 2.3), and corroborates previous findings
that showed that a more extreme RS was related to higher English proficiency
(Harzing, 2006). Such a correlation was not found in the Mandarin/English sample

where the proficiency in Mandarin was significantly higher than in English. This
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suggests that when the proficiency of both languages (native vs English) is
comparable, one is more likely to display an extreme RS in English. The current
findings are, therefore, in line with findings showing a higher tendency to use extreme
responses in English than Kannada when the proficiency of both languages is similar
(Messner, 2017). Moreover, since Bahasa Malaysia was not the primary language of
most participants, the findings suggest that participants might have shown a more

middle RS in their non-primary language, Bahasa Malaysia.

The Bahasa Malaysia/English sample displayed a more acquiescence RS on
the English than on the Bahasa Malaysia AQ, whereas no such difference was
observed between the English and Mandarin AQ. However, given the diversity of the
sample (ethnicity and language proficiency), these findings are difficult to interpret.
To get a clearer picture, future research could recruit explicitly native Bahasa
Malaysia speakers who speak English as a second language. The results do suggest
that when administering an English questionnaire to multilinguals, extreme and

acquiescence RS irrelevant to the content might occur.

General discussion

The current results show that language might influence AQ scores and RS, but

the differences and direction might result from several factors.

Firstly, language proficiency might partly explain the discrepancy in the
findings. In the Mandarin/English sample, better English language proficiency
(predominantly their second language) might lead to lower (and possibly more
accurate) English AQ scores. In the Bahasa Malaysia/English sample, the difference
in AQ scores was possibly not found because their English and Bahasa Malaysia
language proficiency was similar. When the proficiency of both languages is similar,
there might be no differences when responding in different languages. Notably,
although there was some spread in English proficiency in the current sample, all
participants were considered fluent in English (i.e., they all follow a fully English
study for which they need to have a proven minimal English level). Furthermore, even
with a basic measure, English proficiency correlated with the AQ scores and RS. The
proficiency in one’s non-primary language hence appears to play an important role

even when the bilinguals/multilinguals are fluent in this language.
Secondly, the specific language might play a role. Certain information/words

32



might be interpreted differently in different languages. It has been suggested that
language might influence the interpretation of certain items (e.g., item 34; ‘Enjoy
doing things spontaneously’) in Japanese, Bengali and Hindi, leading to some items
showing excellent discriminant properties in some countries but not in others
(Carruthers et al., 2018). Possibly, there are more ambiguous words in Mandarin than
in Bahasa Malaysia when compared to the English AQ, which might explain the
differences between the Mandarin and English AQ but not the Bahasa Malaysia and
English AQ. Although beyond the scope of the current study, item analyses in larger-
scale studies could give insight into which specific items might vary between
languages/cultures. Certain items, for example touching upon pretend play, or
spontaneity (Carruthers et al., 2018) might be interesting to focus on in future studies.
| used back-translation versions of the AQ. The existing Mandarin AQ was translated
with back-translation, and | wanted the Bahasa Malaysia AQ to be translated similarly
for comparability. Although widely used, this might have led to inadequacy in the
translation (Barger et al., 2010; Harkness et al., 2004). Differences in AQ scores
between languages could possibly arise due to semantic or conceptual differences.
However, although both the Mandarin and Bahasa Malaysia AQ were translated

similarly, there were only differences observed between Mandarin and English AQ.

Thirdly, cultural dimensions such as individualism and collectivism might
play a role. Individualism emphasises the independency of the self and on personal
goals (Triandis, 1993), and it is linked to the inclination to attend to focal objects
independent of the context (Nisbett & Miyamoto, 2005). Collectivism emphasises the
interdependent self and strives to maintain harmonious relationship between
individuals (Triandis, 1993), and is linked to the inclination to attend to objects in
relation to the context (Nisbett & Miyamoto, 2005). Western societies and English-
speaking countries are commonly associated with individualism (Triandis, 2015).
This might have influenced the current findings in two ways. 1) Individualistic
tendencies might influence scoring on the attention to details subscale of AQ.
Although this could explain the higher scores on the English AQ as compared to the
Mandarin AQ due to cultural accommodation, I did not find this effect on the Bahasa
Malaysia AQ. Moreover, this contrasts previous consistent findings of lower AQ
scores among Westerners compared to Asians/East Asians (Freeth et al., 2013,

Wakabayashi et al., 2006). 2) Individualism has been linked to less acquiescence RS
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(Harzing, 2006), and more extreme RS (Marshall & Lee, 1998), but see (Harzing,
2006; Johnson et al., 2005). Although Malaysians are suggested to be less
individualistic than British (Hofstede Insights, n.d.), I did not explicitly measure
individualism/collectivism. In addition to the inconsistency in the literature, this
makes interpretations on the relationship between individualism/collectivism and AQ

scores and response styles speculative, though of interest for future studies.

Limitations and implications

The study has some limitations. Firstly, language proficiency was evaluated
relatively basic to check whether participants were fluent enough to fill in the
questionnaires in Mandarin and Bahasa Malaysia. We did not anticipate a direct
influence of fluency on the scores and response styles. Some participants did not state
that they were a native speaker in any of the languages. This is, however, reflective of
Malaysia, which is a highly multilingual country, where many people speak different
languages from an early age on (sometimes even combined in one conversation), and
the difference between primary and secondary language might not always be
completely clear. Therefore, it was unclear whether the differences on the AQ score
could be attributable to the discrepancy between native and second language,
especially for the participants who completed the Bahasa Malaysia and English AQ.
Moreover, the Bahasa Malaysia/English sample was heterogeneous with respect to
ethnicity and language background. Therefore, the findings on the comparison of
Bahasa Malaysia and English AQ should be interpreted with caution. Future studies
could recruit explicitly native Bahasa Malaysia speakers who are fluent in English to
get a clearer picture. Secondly, RS might confound with autistic traits (Bolt &
Johnson, 2009), i.e., people with high autistic traits might be identified as displaying
more extreme or acquiescence RS. A solution would have been to measure RS
independently, for example with a short and unrelated scale (Greenleaf, 1992), or as a
latent variable using the multidimensional nominal response model (Bolt & Johnson,
2009). However, the within-subject, counterbalanced design probably has minimised
this possible bias. Autistic traits are relatively stable across time (Whitehouse et al.,
2011), hence it is unlikely that the AQ score differences between languages emerged

from the fluctuation of autistic traits a week apart.
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Although the AQ is a widely used measure of autistic traits, the factor
structure, the interpretability (English et al., 2020), and the scoring of the AQ (i.e.,
binary or Likert; Stevenson & Hart, 2017) are under debate. Though there might be
more similarities than differences in social norms across cultures, all AQ items are, by
definition, bounded by Western social norms because the AQ was developed in a
Western country. Therefore, non-Western participants’ responses to items describing
social behaviours that vary across cultures are likely to differ. Conversely, there is a
possibility that due to cultural differences, ASC itself differs across cultures.
However, even if ASC is different in different cultures, the AQ is biased towards
“Western ASC”, and the current findings highlight how the use of languages
associated with distinct social norms might lead to differential responses. Thus, a
locally developed measurement of autistic traits could be an important future direction
to capture the culturally unique social behaviours given that a growing body of
research has indicated that the accuracy of screening tools such as AQ could be

compromised due to cultural or ethnic differences (de Leeuw et al., 2020).

The current findings suggest that even within the same person, the language
can influence the way one responds to a questionnaire, tendency to agree or use
extreme answer options, although it might be dependent on the presented language.
Given the likelihood of having this contamination from language, some solutions have
been proposed in previous studies to reduce the language effect, such as using a 7-
point Likert scale or ranking (Harzing et al., 2009), or letting the participants choose
which language they prefer to answer in. However, changing the answer scale might
have other disadvantages, such as reducing comparability with previous studies.
Moreover, letting participants choose the language may potentially intensify the
language effect (Richard & Toffoli, 2009). Since RS varies between nationalities,
ethnicities or even languages, failure to take that into account might confound the
cross-cultural comparisons. Various methods and statistical controls could potentially
control for RS, but each method is associated with specific disadvantages (Van
Vaerenbergh & Thomas, 2013). For example, adding representative indicators for
response styles (RIRS) was recommended (i.e., adding additional items irrelevant to
the content of the questionnaire to capture response styles, and include the calculated
response styles as covariates in subsequent analyses), but researchers may not always

have the choice to include additional items (e.g., working on secondary data) or risk a
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drop in participation rate due to lengthy questionnaires. Therefore, it appears that an
optimal solution would be to administer the AQ in the native language of the
participants because it offers the most straightforward control for possible
contamination from the differences between languages or cultures, and participants
would better qualify their responses on rating scales (Van Vaerenbergh & Thomas,
2013). Moreover, before using a questionnaire in a different language or country, it is

important to validate a questionnaire for that specific population and culture.

Conclusion

The current study shows that, with a within-subject design, responses on the
AQ might be influenced by language when comparing someone’s primary and
secondary language. However, these results might be weaker, or absent for
participants who are highly proficient in English. Moreover, language might influence
the response style, where participants might respond more extreme or agreeable in
their primary/most proficient language. Cross-cultural comparison of AQ scores may
thus be contaminated by the language of the AQ, and RS could additionally introduce
artefacts. Importantly, the observed difference on the AQ score between the Mandarin
and English AQ was small (a 3 points difference) and might hence be of limited
clinical relevance. Nonetheless, it might be important to consider when applying the
norm/cut-off scores derived from one culture to another or making cross-cultural

comparisons.

In conclusion, it seems best to administer questionnaires in a participants’
native language. If that is not possible, researchers should take the non-primary
language proficiency and cross-cultural differences in RS into account or exercise
caution in interpreting the results when the English AQ is used for non-English
speaking people. Moreover, these effects could reduce the reliability/validity of
Western/English developed diagnostic tools in Malaysia, hence the
questionnaires/diagnostic tools should be validated in the country’s languages
separately before implementing them.
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Chapter 3: The Factor Structure and Measurement Invariance of the
Autism Spectrum Quotient-28: A Cross-Cultural Comparison between

Malaysia and the Netherlands

Despite several psychometric advantages over the 50-item Autism Spectrum Quotient
(AQ-50), an instrument used to measure autistic traits, the abridged AQ-28 and its
cross-cultural validity have not been examined as extensively. Therefore, the current
study aimed to examine the factor structure and measurement invariance of the AQ-28
in 818 Dutch (Mage = 37.4, 581 females, 233 males, 4 others) and 437 Malaysian (Mage
= 23.0, 328 females, 99 males, 10 others) participants from the general population.
The hierarchical structure of the AQ-28 showed fair and good fit in Malaysia and in
the Netherlands respectively. A multi-group invariance analysis supported that the
AQ-28 is cross-culturally invariant. Malaysians (M = 68.63, SD = 8.33) scored
significantly higher than Dutch participants (M = 51.48, SD = 10.30) on the AQ-28
while gender was controlled for. While the measurement invariance suggests that the
AQ-28 functions similarly in Malaysia and the Netherlands in terms of structure and
concept, exploratory analyses showed eleven items with differential item functioning
(DIF). Hence, while the AQ-28 possesses a stable factor structure and appears to
measure the same latent traits in Malaysia and the Netherlands, some items potentially

display cultural bias which, in turn, might explain the differences in AQ scores.

Based on:
Chee, Z. J., Scheeren, A. M., & de Vries, M. (accepted for publication). The Factor
Structure and Measurement Invariance of the Autism Spectrum Quotient-28: A Cross-

Cultural Comparison between Malaysia and the Netherlands. Autism
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The Autism Spectrum Quotient (AQ) is a 50-item self-report questionnaire
developed in the United Kingdom (UK) to measure autistic traits in the general
population (Baron-Cohen et al., 2001). An Autism Spectrum Condition (ASC) is
characterised by social difficulties and repetitive/restricted behaviour and interests
(American Psychiatric Association, 2013). The AQ-50 has five subscales (Social
Skills, Imagination, Communication, Attention Switching, Attention to Detail; 10
items per subscale) that were formulated to reflect traits that are associated with ASC.
While the AQ is widely used, its factor structure has not been consistently confirmed,
with various factor structures proposed across studies (Austin, 2005; Hurst et al.,
2007; Kloosterman et al., 2011). Moreover, the cross-cultural validity of the AQ
remains underexplored (but see Carruthers et al., 2018; Freeth et al., 2013), hindering
cross-cultural comparisons. In light of this, the current study aims to compare the
factor structure of an abridged version of the AQ, the AQ-28 (Hoekstra et al., 2011),

in Malaysia and the Netherlands and examine cross-cultural measurement invariance.

The originally proposed five-factor structure of the AQ-50 is under debate, as
it was not supported across various studies using principal components analysis
(PCA) and confirmatory factor analysis (CFA; Austin, 2005; Hoekstra et al., 2008;
Hurst et al., 2007; Kloosterman et al., 2011). Numerous alternative factor structures
with a reduced number of items have been proposed (Austin, 2005; Hoekstra et al.,
2008; Kloosterman et al., 2011; Lau et al., 2013; Russell-Smith et al., 2011). This
clearly indicates that some of the original items could be dropped without losing
explanatory power and this might even improve the consistency of the scale. In light
of that, the AQ-28 was developed and validated in both a Dutch and a British sample
(Hoekstra et al., 2011). The AQ-28 has a hierarchical structure similar to an earlier
factor model proposed by Hoekstra et al. (2008) with four lower-order factors ‘Social
skills’, ‘Routine’, ‘Switching’ and ‘Imagination’ subsumed under a higher-order
factor ‘Social behaviour’ and another separate higher-order factor ‘Numbers/patterns’.
The AQ-28 is highly correlated with the AQ-50 (r = .93-.95) and, similar to the AQ-
50, males score higher than females on the AQ-28 (Hoekstra et al., 2011). The factor
structure of the AQ-28 was replicated in autistic samples from the UK and the
Netherlands (Grove et al., 2017, 2021; Kuenssberg et al., 2014). The AQ-28 appears
to measure similar traits in both the general and autistic population (Murray et al.,

2014), and in males and females in the autistic population (Grove et al., 2017).
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Differential item functioning (DIF) analysis on the AQ-50 suggested the AQ-28 may
be more appropriate for comparison between autistic and non-autistic groups given
that eight items that perform differently in both groups were not included in the AQ-
28 (Agelink van Rentergem et al., 2019). The findings overall suggest that AQ-28 is a
reliable alternative to the AQ-50.

The cross-cultural validity of the AQ-28 is underexplored, even though the
AQ-50 is used and has been studied in non-Western populations. For example, in a
Taiwanese population, PCA supported a five-factor structure similar to the original
proposed structure with reduced items (Lau et al., 2013), and sex differences were
replicated. This suggests that the AQ-50 may consistently capture autistic traits across
different cultures. However, other studies found that some items of the AQ-50 may
display cultural bias (Carruthers et al., 2018; Freeth et al., 2013). For instance, people
from different cultures might respond differently to the AQ item assessing the ability
to understand others’ emotions based on faces (item 36 in the AQ-50), because East
Asians, on average, are slightly more likely to be influenced by social context than
Americans when evaluating facial emotions (Masuda et al., 2008). So far, studies on
cultural bias used the self-report AQ-50, parent-report AQ-50 (the parent-report
version consists of the same items, but the child’s traits are reported by their parents),
and parent-report AQ-28 (Liu et al., 2021). To the best of my knowledge, no study to
date has specifically investigated the factor structure of the self-report AQ-28 in a
non-Western general population sample. Moreover, even though the factor structure
of the AQ-28 has been consistently confirmed among autistic samples (Grove et al.,
2017, 2021), less is known about its replicability in the general population. Therefore,
the current study addressed these issues using the AQ-28 in a Dutch and a Malaysian

general population sample.

Apart from the factor structure, measurement invariance of the AQ-28 across
cultures has not been confirmed. Meaningful cross-cultural comparisons necessitate
measurement invariance (Boer et al., 2018), that is, true cross-cultural differences in a
trait can only be revealed if the measure assesses the same trait in both cultures. For
example, Malaysian students were found to score significantly higher than British
students on the AQ-50 (Freeth et al., 2013). The authors suggest that the score
differences might reflect cultural differences in the expression of autistic traits.

Alternatively, the score differences could stem from measurement non-invariance,
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which was not tested. Therefore, the current study further investigated whether
previous cross-cultural score differences on the AQ-50 (Freeth et al., 2013) could be
replicated with the AQ-28, and whether cross-cultural measurement non-invariance
could explain these differences.

The main objective of the current study was to examine the factor structure of
the AQ-28 with CFA in Dutch and Malaysian general population samples. |
hypothesised that the hierarchical structure of the AQ-28 would display a good fit in
the Dutch sample since it was initially studied in the Netherlands. Given the dearth of
studies examining the hierarchical structure of AQ-28 in a non-Western context, |
formulated no specific hypothesis concerning the factor structure in the Malaysian
sample. The current study also aimed to test cross-cultural measurement invariance of
the AQ-28 and compare the total score on the AQ-28 between Dutch and Malaysian
adults. Given that several items of the AQ-50 showed differential discriminatory
power across cultures (Carruthers et al., 2018), | hypothesised that the AQ-28 would
show cross-culturally measurement non-invariance. Moreover, given that Malaysian
students scored higher than British students on the AQ-50 (Freeth et al., 2013), |
hypothesised that Malaysians from the general population would score higher on the
AQ-28 than Dutch people from the general population. I additionally explored which
items of the AQ-28 function differently in Malaysia and the Netherlands with

differential item functioning (DIF) analysis.

Method
Participants

Malaysian sample. Ethical approval was obtained from the Science and
Engineering Research Ethics Committee of the University of Nottingham Malaysia
(Ethics Identification Number: CZJ160719). The AQ-28 data of 537 Malaysian
participants was the same sample recruited in Chapter 4. Exclusion criteria for the
analyses were: 1) taking less than 15 minutes to complete all questionnaires (n = 74),
2) taking the survey twice (n = 10), 3) being under the age of 18 (n = 1), 4) not being
Malaysian (n = 9), and 5) filled in the Bahasa Malaysia version of the AQ-28 (n = 6).
After applying those filters, 437 (81%) responses were retained. The age of the
Malaysian participants (328 females, 99 males and 10 preferred not to say) ranged
from 18 to 69 (M = 23.0, SD =5.9). The participants were 264 (60.4%) Chinese
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Malaysians, 120 (27.4%) Malay, 30 (6.9%) Indian Malaysians and 23 (5.3%) of other

ethnicities.

Dutch sample. The AQ-28 data of 831 Dutch non-autistic participants were
collected by the Netherlands Autism Register (NAR), and the data collection was
approved by the ethics committee of Vrije Universiteit Amsterdam (VCWE2020-
041R1). The NAR collects data about autistic and non-autistic individuals. For the
purpose of this study an ASC diagnosis is an exclusion criterion and only data of the
non-autistic sample was used. Participation was voluntary and participants were
informed that their data would be used for scientific research. | excluded participants
under 18 years (n = 13), resulting in 818 participants, including 581 females, 233
males and 4 “other”, included in the analyses. The age of the Dutch participants
ranged from 18 to 80 (M = 37.4, SD = 15.1). 736 (90%) of the participants self-
identified Dutch as their ethnicity, whereas Moroccan, Turkish, Surinamese,
Antilleans/Arubans and Indonesian made up 5.7% of the rest of the sample. The
remaining 4.3% (n = 35) were of other ethnicities.

A Welch independent t-test revealed that the mean age of the Dutch sample
(M = 37.36, SD = 15.09) was significantly higher than the mean age of the Malaysian
sample (M =22.97, SD =5.90), t(1172) = -24.04, p < .001, Cohen’s d = 1.26.

Materials

The AQ-28 has two correlated higher-order factors that measure ‘Social
behaviour’ and ‘Numbers/Patterns’, with four lower-order factors ‘Social Skills’,
‘Routine’, ‘Switching’ and ‘Imagination’ subsumed under the ‘Social behaviour’
factor (Hoekstra et al., 2011). The factors and their items can be found in the
Supplementary Material (Supplementary Table 3.1). Each item of the AQ-28 is rated
on a 4-point Likert scale (definitely agree, slightly agree, slightly disagree, definitely
disagree). | adopted the scoring of 1 — 4 rather than using the binary scoring system,
as it was shown to reflect a more reliable range (Murray et al., 2016). Approximately

half of the items are reversed scored. A higher score indicates higher autistic traits.

Procedure

Malaysian participants were, for an overarching study, presented with musical
excerpts and several questionnaires, including the AQ-28, upon consenting to

participate in the online study.
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Dutch participants in this study completed the AQ-28 along with the Sensory

Perception Quotient-Short online (Tavassoli et al., 2014).

Statistical analyses

CFA based on the polychoric correlations between the AQ-28 items and
DWLS was done using the lavaan package (0.6-9; Rosseel, 2012) in R (R Core Team,
2021; version 4.1.1). The fit of the models was assessed with y? and its associated p
value. As »?is highly sensitive to sample size, the Root Mean Square Error of
Approximation (RMSEA), Standardised Root Mean Square Residual (SRMR),
Comparative Fit Index (CFI), and Tucker-Lewis Index (TLI) were used as well to
assess the fit of the model because these are relatively independent of sample size
(Schermelleh-Engel et al., 2003). A model is considered a ‘good’ fit by value of > .95
or fair fit if > .90 for TLI and CFI, and a good fit by a value of <.06 or fair fit if <.08
for RMSEA and SRMR (Hu & Bentler, 1999). Two models were tested with CFA: a)
all items load onto one latent variable (i.e., autistic traits) and b) item loadings

correspond with the hierarchical model reported by Hoekstra et al. (2011).

The internal reliability of the total AQ-28 scale and subscales in both samples
was assessed with ordinal alpha (Gadermann et al., 2012), computed with the psych
package (Revelle, 2021) in R (R Core Team, 2021).

A multi-group invariance analysis was also conducted using the lavaan
package in R to test whether the hierarchical model of AQ-28 differs between the
Netherlands and Malaysia. In general, configural, metric (fixed loadings) and scalar
(fixed intercepts) invariance have to be fulfilled to ensure meaningful comparisons of
scores between cultures (Fischer & Karl, 2019). A change of < -.010 in CFl, a change
of >.015 in RMSEA, and a change of >.030 or > .010 in SRMR indicate that there is
no metric and scalar measurement invariance respectively (Chen, 2007). A partial
invariance model was conducted whenever the change in fit indices exceeded the
recommended cut-off. This was done by first identifying parameters that had a
significant impact on model fit by using the ccpsyc package in R (Karl, 2021), and
freeing the constraints of those identified parameters (Fischer & Karl, 2019).

Finally, we explored which AQ-28 items function differently in Malaysia and
the Netherlands by differential item functioning (DIF) analysis. The DIF procedure
for ordinal data conducted was based on the adjacent category logit regression model
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implemented within the difNLR package in R (Hladka & Martinkova, 2020).

Bonferroni correction was applied to account for multiple comparisons.

Community involvement

Autistic community members were not involved in the current study, but
autistic community stakeholders such as the Dutch Association for Autism (NVA) are

involved in the annual survey conducted by the NAR.

Results
Confirmatory factor analysis and internal reliability

The CFA showed that both Malaysian and Dutch data fitted poorly on the one-
factor model (see Table 3.1). The hierarchical model in Malaysian data showed a fair
fit despite the fact that TLI1 and CFI were below .90, because TLI and CFI are affected
by model complexity (Cheung & Rensvold, 2002), and both RMSEA and SRMR
were within the acceptable range. As predicted, the hierarchical model showed a good
fit in the Dutch data (see Table 3.1). Notably, the Numbers/Patterns factor was
negatively correlated (r = -.20) with the Social Behavior factor in the Malaysian data,

but positively correlated (r = .32) with the Social Behavior factor in the Dutch data.
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Table 3.1

Fit indices of one-factor and hierarchical model for Malaysian and Dutch data.

One-Factor Hierarchical

Malaysia Netherlands Malaysia Netherlands
Chi-square? 1650.87 5094.64 1056.43 1646.55
df 350 350 345 345
RMSEA .092 129 .069 .068
(90% Cl) (.088 - .097) (.126 - .132) (.064 - .074) (.065 - .071)
SRMR .096 128 079 077
TLI 798 791 .888 942
CFlI 813 .807 .897 947

Note. 2All models returned a chi-squared value with p value < .001.
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The total AQ-28 scale showed good internal reliability for the Malaysian data
(= .75) and excellent internal reliability for the Dutch data (« = .89). The higher-
order Social Behaviour factor and lower-order Social Skills factor showed good
internal reliability in both the Malaysian and Dutch samples (&’s ranging from .81
to .88). The rest of the factors (i.e., Numbers/Patterns, Routine, Switching and
Imagination) had poor internal reliability in the Malaysian sample (&’s ranging
from .50 to .67), but good internal reliability in the Dutch sample (o’s ranging
from .72 to .85). Some items from the Numbers/Patterns factor correlated negatively
with the total scale (i.e., item 5, 7 and 16; see Table 3.3) in the Malaysian data (in line
with the negative correlation between the factors Numbers/Patterns and Social

Behavior), but no negative correlations were detected in the Dutch data.

Cross-cultural measurement invariance and differential item functioning

While the SRMR values exceeded the cut-off slightly in the metric and partial
metric invariance model, the CFI and RMSEA values of all tested models were within
the acceptable range, indicating an overall fair fit. As shown in Table 3.2, the metric
invariance model (M2) showed a considerable drop in CFI that exceeded the
recommended cut-off compared to the configural invariance model (M1), but the
change in RMSEA and SRMR were within the recommended cut-off. Although I
decided to tentatively accept M2, a partial metric invariance model (M3) was
explored. M3 was constructed by letting the loadings of Social Skills, Routine,
Switching and Imagination factor freely load onto the higher-order Social Behavior
factor for Malaysian and Dutch data, as these parameters were identified as having the
most impact on the model fit. M3 improved such that the change in CFI, RMSEA and
SRMR compared to M1 were within the recommended cut-off (see Table 3.2). The
scalar invariance model (M4) was constructed based on M3, and the change in CFl,
RMSEA and SRMR were within the recommended cut-off (see Table 3.2).
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Table 3.2

Comparisons of invariance models as a function of country (Malaysia and the Netherlands).

¥ df CFl RMSEA SRMR Ay> Adf ACFI ARMSEA ASRMR  Decision

Model? (90% CI)

M1: Configural Invariance 2703 690 .936 .068 .078 - - - - -
(.066-.071)

M2: Metric Invariance 3382 717 .915 077 .086 151.78 27 -.021 .009 .008  Tentatively
(.074-.080) Accept

M3: Partial Metric Invariance 3041 713 .926 072 082 91.28 23 -.010 .004 .004 Accept
(.070-.075)

M4: Scalar Invariance 3401 763 .916 074 .080 325.09 50 -.010 .002 -.002 Accept
(.072-.077)

Note. 2All models returned a chi-squared value with p value < .001.
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Table 3.3

The Chi-Square and Corrected Item Whole Correlation of items that showed DIF.

Corrected Item Whole Correlation > (DIF)

Items

4. | frequently get so strongly absorbed in one thing that I lose sight of other things
5. I usually notice car number plates or similar strings of information

6. When I’m reading a story, I can easily imagine what the characters might look like
7. 1 am fascinated by dates

8. In a social group, I can easily keep track of several different people’s conversations
9. | find social situations easy

13. I am fascinated by numbers

15. 1 find it hard to make new friends

16. | notice patterns in things all the time

23. | find it difficult to imagine what it would be like to be someone else

26. New situations make me anxious

MY
12
-.02
.30
-.02
51
74
19
.65
-11
33
45

NL
44
49
.36
51
48
.67
A7
o7
40
.35
.50

*kk

35.38
71.517
14.98"
59.81""
55.61""
33.87"
13.02"
69.49"
53.60
25.58™"
67.05™"

*kk

*k*k

Note. “p < .05,

correlated with the total scale in the Malaysian data are in italics.
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Although the loadings of four factors were unequal for Malaysian and Dutch samples
(i.e., M3), the impact of unequal loadings on mean-comparing statistics was minimal
(Steinmetz, 2013). Therefore, the findings overall support cross-cultural measurement
invariance of the AQ-28, indicating that the total AQ-28 score can be meaningfully

compared between Malaysia and the Netherlands.

The DIF analysis suggested that eleven items, including the items that were
negatively correlated with the total scale in the Malaysian data, showed differential
functioning in Malaysia and the Netherlands (see Table 3.3). The DIF indicates that

these items potentially display cultural bias.

Total AQ-28 score comparison

AQ scores do not seem to vary across age groups (Lodi-Smith et al., 2021),
but consistently differ between males and females among the general population
(Ruzich et al., 2015). Therefore, gender but not age was included as a covariate in the
following ANCOVA. Those who did not reveal their gender (10 Malaysian and 4
Dutch participants) were excluded from the following ANCOVA. Given that the
scalar invariance model was accepted, | proceeded to compare the mean scores on the
full AQ-28 scale between Malaysian and Dutch participants. A one-way between-
subjects ANCOVA with gender (two levels) as a covariate revealed a significant main
effect of country, F(1, 1238) = 900.49, p < .001, #p? = .42, with Malaysians (M =
68.63, SD = 8.33) scoring significantly higher than Dutch participants (M = 51.48, SD
=10.30) on the AQ-28.

The previously reported negative correlations between items from the
Numbers/Patterns subscale and the total scale in the Malaysian data suggest that
greater endorsement of these items is considered less rather than more “autistic” in
Malaysia, which may result in a higher AQ-28 score in a general population sample.
Therefore, | repeated the ANCOVA on total AQ-28 score excluding the items from
the Numbers/Patterns subscale. Again, the one-way between-subjects ANCOVA with
gender as a covariate revealed a significant main effect of country, F(1, 1238) =
692.77, p < .001, np? = .36, with Malaysians (M = 55.96, SD = 8.24) scoring
significantly higher than Dutch participants (M = 42.48, SD = 8.78) on the AQ-28.
AQ-28 scores after excluding Numbers/Patterns items were highly correlated with

total AQ-28 scores in both countries (r’s > .90).
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Discussion

As expected, the hierarchical structure of the AQ-28 displayed a good fit in a
Dutch general population sample. Moreover, while no specific prediction was made
for the Malaysian sample, the hierarchical structure of the AQ-28 displayed a fair fit
as well. Against the hypothesis, cross-cultural measurement invariance of the AQ-28
was supported. However, exploratory analysis did identify eleven DIF items. The
mean AQ-28 score of the Malaysian participants was significantly higher than that of
the Dutch participants, confirming the hypothesis and extending previous findings on
the AQ-50. The findings overall suggest that while the AQ-28 possesses a stable
factor structure and measures the same latent traits in Malaysia and the Netherlands,
some items, particularly from the Numbers/Patterns factor, potentially display cultural

bias.

Previous research replicated the hierarchical AQ-28 structure among self-
reporting British and Dutch autistic samples (Grove et al., 2017, 2021; Kuenssberg et
al., 2014), and the current findings further confirm the hierarchical structure in self-
reporting Malaysian and Dutch general population samples. The stable hierarchical
structure of the AQ-28 in the general population of Malaysia and the Netherlands
suggests that autistic traits may be structurally and conceptually comparable in both
cultures. In contrast, no support was found for the hierarchical structure in China and
the Netherlands on the parent-report AQ-28 (Liu et al., 2021), suggesting that the
psychometric properties of the parent- and self-report AQ-28 might differ.

Although the current results of the measurement invariance suggest that scores
on the AQ-28 can be compared meaningfully between the general populations of
Malaysia and the Netherlands, the DIF analysis show that a high number of items
(39%) function differently. Moreover, surprisingly, the DIF items do not align with
the items identified by Carruthers et al. (2018) as showing potential cultural
differences (Japan and India compared to UK; items 19 and 24 in the current study).
Moreover, Carruthers et al. (2018) showed cross-cultural differences in the predictive
value of parent-report AQ-50 items of an ASC diagnosis. Self- and parent-report AQ
might hence function differently, and although the current measurement invariance

results suggesting that the self-report AQ-28 can be used for cross-cultural

49



comparisons, the DIF results contradict this, and the measurement invariance results

might not generalise to other versions (parent-report) of the AQ.

Some factors demonstrated poor internal reliability in Malaysia but better
reliability in the Netherlands. Notably, the Numbers/Patterns factor negatively
correlated with the Social Behavior factor and some items from the Numbers/Patterns
factor correlated negatively with the total scale in the Malaysian sample but positively
in the Dutch sample. While the poor internal reliability suggests that
Numbers/Patterns items may not be a good measure of autistic traits in Malaysia, the
negative correlations also suggest that endorsement of Numbers/Patterns items might
in fact indicate lower autistic traits in Malaysia. Moreover, all but one item (item 22)
from the Numbers/Patterns factor were identified as showing DIF, further confirming
that these items function differently in the Netherlands and Malaysia. This coincides
with recent findings of negative correlations between the ‘attention to details’
subscale and other subscales of the AQ-50 in China, but not in the UK (Ward et al.,
2021). Ward and colleagues (2021) suggested that cross-cultural differences underlie
the negative correlations, and | concur with their notion. Given that a majority (60%)
of the Malaysian participants are Chinese Malaysian, the negative correlations of the
Numbers/Patterns factor and items with the Social Behavior factor and total AQ score
might be explained by the meaning of and emphasis on numbers in the Chinese
culture. There are numerous superstitions involving numbers in the Chinese culture.
For instance, number 8 is considered a lucky number and number 4 is considered an
unlucky number. These superstitions have a profound influence on behaviour such
that one would intentionally seek or avoid certain digits in everyday life, such as birth
dates, price endings and car plates (Almond et al., 2015; Simmons & Schindler, 2003;
Wong et al., 2019). Though there are also superstitious beliefs about numbers in the
West (e.g., “13”), the effects of such superstitions on behaviour are possibly milder
than in the Chinese culture. Moreover, while autistic children performed significantly
better in detecting embedded figures than non-autistic children in the UK, no such
difference was found between autistic and non-autistic children in Singapore (Koh &
Milne, 2012). Together these findings suggest that noticing patterns, numbers or
details may not be a universal indicator of ASC across cultures. Therefore, a high
score on the Numbers/Patterns scale might not reflect “autistic” traits per se, but

instead socially appropriate behaviours or preferences in Malaysian and Chinese
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cultures. This, in turn, might partly explain the significantly higher AQ-28 scores of
Malaysians compared to Dutch participants. Yet, even after excluding the
Number/Patterns items, Malaysians still scored higher on the AQ-28 than the Dutch
participants.

The higher AQ-28 scores among Malaysians compared to Dutch adults is
consistent with previous findings of higher AQ-50 scores of Malaysians compared to
British adults (Freeth et al., 2013). With the current study, I could rule out
measurement non-invariance as a potential explanation. Differences in AQ-28 scores
between Malaysian and Dutch adults may originate from true differences in
subclinical autistic traits and/or cultural differences in the interpretation or reporting
of autistic traits (de Leeuw et al., 2020). I tend to favour the latter explanation, as
eleven items showed DIF and possibly display cultural bias (Table 3.3). The AQ was
developed based on Western social norms, but what is considered a norm in the West
might not apply to other cultures. For instance, using a Western assessment tool for
pretend play, the Child-Initiated Pretend Play Assessment, 75% of typically
developing Malaysian children were identified as showing abnormal play style
(Vetrayan et al., 2016). Furthermore, parents from collectivistic cultures, where social
relatedness and collective goals are highly valued, are less likely to emphasise
imagination as a socialization goal than parents from individualistic cultures, where
independence of self and personal goals are valued more (Mone et al., 2016). Cultural
differences in play styles and emphasis on imagination might evoke different
responses of Dutch and Malaysian participants on items concerning pretend play,
imagination, and numbers, causing these items to show DIF, and possibly explaining

the higher AQ scores among Malaysian participants.

The higher AQ scores among Malaysians do imply that the AQ cut-off scores
should be adjusted to reflect these cross-cultural differences. In the current study, the
mean score of Malaysian participants is above the recommended cut-off of 65 or
slightly below the strict cut-off of 70 (Hoekstra et al., 2011), suggesting that
generalisation of cut-off scores from one culture to another is likely to result in false
positives. Therefore, instead of generalising the cut-off score of the AQ-28 from one
culture to another, the cut-off should be derived from the target culture, by studying

autistic samples in addition to general population samples.
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The language in which the AQ-28 was administered to Malaysian and Dutch
participants might also explain the higher AQ-28 score of Malaysians and items that
showed DIF. Dutch participants filled in the Dutch AQ-28, which is likely their native
language, while Malaysian participants filled in the English AQ-28, which is likely
their second language. Although Malaysians, especially a sample mainly recruited via
the university, are generally very fluent in English, English proficiency might still
influence the interpretation of AQ-28 items and thus contribute to some items
showing DIF. Additionally, Malaysian Chinese scored significantly higher on the
English AQ-50 than on the Mandarin AQ-50 (refer to Chapter 1), and similar patterns
were observed in Chinese from China (Ward et al., 2021). This might partly explain
the exaggerated differences in AQ-28 scores between Malaysian and Dutch
participants in the current study, but I conjecture that this would only explain the
results partly, given that the differences between languages in previous studies were
smaller (a 3-point difference on the AQ-50; refer to Chapter 2 and Ward et al., 2021)
than in the current study. Future research could compare the AQ-28 in the native
language of participants to inspect whether the score differences remain and whether

the same items would show DIF.

Limitations and implications

Although the current findings provide support for a hierarchical factor
structure and measurement invariance of the AQ-28 in the general population of
Malaysia and the Netherlands, it is unclear if the findings can be generalised to
clinical samples. To do so, cross-cultural comparison of AQ-28 scores among clinical

populations should be made.

Given that | did not inquire about an ASC diagnosis in the Malaysian sample,
there is a possibility that the Malaysian sample contained autistic participants. This
could potentially explain the elevated AQ-28 scores among Malaysian as compared to
Dutch sample. However, among a recent survey of 2732 Malaysian university
students, only 8 students reported an ASC diagnosis while another 68 suspected
themselves to have an ASC (Low et al., 2021). Enquiring about the diagnosis might
have only partly solved this issue, as many adults with autism in Malaysia remain
undiagnosed. Therefore, it is probable that the current Malaysian sample contained a

very low number of participants with an actual autism diagnosis, with minimal
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expected effects on the results. Furthermore, the elevated AQ scores among Asian
participants as compared to Western participants are consistently observed across
studies (Freeth et al., 2013; Wakabayashi et al., 2006). This suggests that cross-
cultural differences in the interpretation, report and/or expression of autistic traits are
a more likely explanation for the score differences between Malaysian and Dutch

participants.

The DIF analysis was exploratory in nature. While it is useful in offering
preliminary insights into which items are likely to be culturally sensitive, reasons for
DIF are not straightforward. Future research should consider conducting the DIF
analyses with hypotheses grounded in a cultural framework that provides a basis to

why some items might be interpreted differently in specific cultures.

Conclusions

The current results demonstrated that the factor structure of the AQ-28 is
stable in Malaysia and the Netherlands. With the evidence for cross-cultural
measurement invariance, | corroborate and extend previous findings by showing that
Malaysians scored significantly higher on the AQ-28 than Dutch adults from the
general population. I also identified eleven items potentially showing DIF. These
findings together suggest that the AQ-28 has some cultural biases. Therefore, in line
with the recent call to incorporate cultural factors in understanding ASC (de Leeuw et
al., 2020), future research should validate or develop culturally appropriate screening
and diagnostic tools, and cut-off scores. Nonetheless, the AQ-28 might still be a
useful instrument in quantifying and comparing autistic traits cross-culturally, given
the evidence for its factor structure and cross-cultural measurement invariance in
Malaysia and the Netherlands, though the potential differential functioning of some

items, particularly those of the Numbers/Patterns scale, deserve further examination.
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Chapter 4: Replication of the Music Preference (MUSIC) Model and

Evaluation of its Association with Personality and Autistic Traits

Music preferences have, in the West, consistently been found to follow a five-factor
structure (i.e., Mellow, Unpretentious, Sophisticated, Intense and Contemporary, in
short MUSIC). These Factors, in turn, are associated with the Big-Five personality
traits. However, the stability of the music preference factor structure and its
association with personality in non-Western cultures are underexplored. Moreover,
besides personality traits, other behavioural traits might relate to music preferences.
High systemizing traits, as often seen in autism, tend to be associated with a
preference for Intense music. However, whether this generalises to autistic traits in the
general population remains unclear. Therefore, the current study attempted to examine
the five-factor MUSIC model and test its association with Big-Five personality traits
and autistic traits among Malaysians through an online study. 444 participants (332
females, 101 males and 10 preferred not to say) rated their preference for 50 brief
musical excerpts and completed the Ollen Musical Sophistication Index, the Ten Item
Personality Inventory, and the Autism-spectrum Quotient-28. The original MUSIC
model was partly replicated with virtually identical Sophisticated and Intense factors.
However, most of the previously reported associations between Big-Five personality
traits and music preferences were not found after controlling for age, gender and
musical sophistication. Instead of an expected positive association between autistic
traits and Intense music, a negative association was found between autistic traits and
Contemporary music. These findings partially support the validity of the MUSIC
model in Malaysia and highlight the importance of music preference research in a

non-Western context.

Based on:
Chee, Z. J., Leung, Y., & de Vries, M. (under review). Replication of the Music
Preference (MUSIC) Model and Evaluation of its Association with Personality and

Autistic Traits. Musicae Scientiae
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It is well-supported that there are individual differences in music preferences.
These differences might be driven by various factors such as social factors (e.g.,
culture and social identity; Boer & Fischer, 2012; North et al., 2000), personal factors
(e.g., personality; Rentfrow & Gosling, 2003), physiological factors (e.g., arousal,
McNamara & Ballad, 1999) and basic demographic factors (e.g., age and gender;
LeBlanc et al., 1999). Early research on music preferences tended to use genre labels
(e.g., rock, pop, indie, etc) to separate music preferences into meaningful categories.
However, there was little consensus on how many or which genre labels to study, with
some including 11 (Colley, 2008) and others including 30 (George et al., 2007) genre
labels. Rentfrow and Gosling (2003) proposed a four-factor music preference model
with the consideration of 14 music genres. Despite the differences in the number and
naming of the identified factors from various numbers of music genres (e.g., five;
Colley, 2008); six; Dunn et al., 2012; Schafer & Sedlmeier, 2009); and nine; George
et al., 2007), there is substantial overlap in the models from these studies. Three
distinct factors are repeatedly found across studies, and they are defined by the same
set of music genres. For instance, rock and heavy metal music, classical and jazz
music, and rap and hip-hop music often cluster together to form a factor respectively.
Moreover, one factor consisting mainly of country music emerged whenever singer-
songwriter music was examined by a study. Together, the findings corroborate that
there are at least four distinct factors of music preference.

Motivated to bridge the findings, Rentfrow et al. (2011) proposed a five-factor
music preferences model developed through a series of studies. 26 genres and
subgenres were mentioned most often by 5600 participants. Subsequently, 706
participants rated their liking for two musical excerpts of each genre, revealing a five-
factor music preferences model with the factors Mellow (soft rock & soul), Urban
(rap & electronica), Sophisticated (classical & jazz), Intense (rock & heavy metal) and
Campestral (pop & country), or MUSIC in short. Finally, the five-factor music
preferences model was replicated in two independent samples using two different sets
of musical excerpts. The study of Rentfrow et al. (2011) showed that in addition to
music genres, preferences for sonic (e.g., loud, fast, distorted) and psychological (e.g.,
sad, relaxing, complex) attributes explained a significant amount of variance in the

MUSIC factors. In sum, the validity of the five-factor model and the factors were
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confirmed to some extent and could be interpreted in terms of preferences for certain

sonic and psychological attributes of music (Rentfrow et al., 2011).

The MUSIC model was further replicated using a subset of 50 musical
excerpts from Rentfrow et al. (2011), with the Urban and Campestral factor renamed
into Contemporary and Unpretentious respectively (Rentfrow et al., 2012). The
MUSIC model emerged even when a set of jazz- or rock-only music excerpts were
examined, thus corroborating that the MUSIC model is not only based on
classification of genres, but also the preferences for certain combinations of sonic and
psychological attributes of music (Rentfrow et al., 2012). For example, the Intense
factor was positively associated with loud, dense, percussive, yelling, aggressive, and
animated affect, and negatively associated with warm, sensual, and dreamy affect.
The robustness of the MUSIC model was confirmed in a large study with over
250,000 (mostly Western) participants, and the MUSIC model appeared to be
invariant across age groups (Bonneville-Roussy et al., 2013). The empirical
examination of the MUSIC model thus far has focused on Western samples, but the
replicability of the MUSIC model in a non-Western sample remains underexplored.
Culture may affect the replicability of the MUSIC model since music perception is
highly influenced by culture. For instance, individuals from different cultures may
perceive different emotions from the same musical excerpts (Lee & Hu, 2014), though
features of music that express basic emotions appeared to be universal cross-culturally
(Sievers et al., 2013). Given that psychological attributes of music explain unique
variance in the MUSIC model, cross-cultural differences in perceiving psychological
attributes may affect the replicability of the MUSIC model. The MUSIC model has
been confirmed in a Southeast Asian (i.e., Singaporean) population (Heng et al.,
2018), though with a relatively small sample (N = 83). Therefore, the objective of the
current study was to evaluate the replicability of the MUSIC model with a larger,

Malaysian sample.

Associations between musical preferences and Big-Five personality traits were
commonly observed across different studies. Positive associations have been found of
Openness with preference for reflective and complex music (i.e., Mellow,
Sophisticated and Intense); Extraversion with energetic music (i.e., Contemporary);
and Agreeableness and Conscientiousness with gentle sounding music (i.e.,

Unpretentious). Conscientiousness was negatively associated with loud and distorted
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music (i.e., Intense; see Table 4.1 for a summary; Bonneville-Roussy et al., 2013;
Delsing et al., 2008; Rentfrow & Gosling, 2003; Zweigenhaft, 2008). The magnitude
of these associations is small but consistent across studies and persist after controlling
for demographic variables (Bonneville-Roussy et al., 2013; Greenberg et al., 2016),
such as age and gender which are known to influence music preferences (Bonneville-
Roussy et al., 2013; Colley, 2008).

Links between music preference and personality are studied extensively.
Moreover, it is known that music preferences differ between individuals with and
without musical training (Ginocchio, 2009; Gurgen, 2016). However, the role of
musical sophistication, a broader construct of musical ability, including musical
training and receptive skills (Ollen, 2006) on the relationship between music
preference and personality is unclear. Receptive skills such as engagement in music,
ability to appreciate music and perceive emotions likely influence one’s music
preference. Hence, it might be important to consider musical sophistication when

examining the associations between music preferences and personality traits.
Table 4.1

Hypothesised relationships between MUSIC and Big-Five personality traits

Mellow Unpretentious Sophisticated Intense Contemporary

Extraversion +
Conscientiousness +
Openness + + +
Agreeableness +
Emotional

Stability
Autistic Traits + +

Besides the Big-Five personality traits, autistic traits might be associated with
certain music preferences. Autistic traits are traits reflecting the symptoms of Autism
Spectrum Conditions (ASC; American Psychiatric Association, 2013), such as social
communication difficulties and repetitive behaviours. Although there are no clear

indications that autistic traits are related to music preferences, cognitive styles related
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to autism, systemizing and empathizing (Wheelwright et al., 2006), have been linked
to specific music preferences. Empathizing refers to identifying and responding
appropriately to others’ emotions and predict their behaviours (Baron-Cohen &
Wheelwright, 2004) and is negatively related to autistic traits, whereas systemizing
refers to analysing systems and their underlying rules (Baron-Cohen et al., 2003) and
is positively related to autistic traits. People who are highly empathizing seem to
prefer Mellow music and highly systemizing individuals prefer Intense music
(Greenberg et al., 2015). | want to study whether the findings from systemizing and

empathizing could be generalised to autistic traits.

Apart from the lack of music preference research in relation to personality
traits and autistic traits in non-Western contexts, cross-cultural differences in the
conceptualisation of music genres, personality traits and autistic traits also motivate
the current chapter. For example, if music genres are based on acoustic features, it is
likely that the MUSIC model would be invariant across cultures. Hence, studying
whether the MUSIC model is reliable in Malaysia could possibly inform how music
genres are conceptualised cross-culturally. Similarly, perception and expression of
personality traits and autistic traits likely differ across cultures (de Leeuw et al., 2020;
Lui et al., 2020). Given these cross-cultural differences, it would be important to
examine the patterns of relationship with music preferences in another culture rather
than generalising findings from one culture to another. The current chapter attempts to
study if the associations between music preferences and personality traits would be
confirmed in an Asian population while taking age, gender and musical sophistication
into account and has three aims; 1) to confirm the MUSIC model in a Malaysian
general population sample; 2) to examine the associations of music preferences with
Big-Five personality traits and 3) to examine the associations of music preference
with autistic traits. Firstly, I hypothesised that the MUSIC model would be confirmed,
specifically the Mellow, Sophisticated, Intense and Contemporary factors (Heng et al.,
2018). Secondly, I explored whether the previously found relationship between music
preference and Big-Five personality (see Table 4.1) would be found in a Malaysian
sample. Lastly, I hypothesised that autistic traits would be positively associated with
Intense and Sophisticated music (Greenberg et al., 2015).
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Method
Participants

Ethical approval for this online study was obtained from the Science and
Engineering Research Ethics Committee of the University of Nottingham Malaysia
(Ethics Identification Number: CZJ160719). Participants were recruited through the
university recruitment email and social media. 939 responses were recorded. It would
take at least 15 minutes to listen to all excerpts and finish all questionnaires.
Therefore, participants were excluded if they (a) took less than 15 minutes to
complete the survey where most of the responses were empty or incomplete (n = 409),
(b) did not confirm not having participated in the pilot (n = 67), (c) responded to the
survey more than once (n = 10), and (d) were not Malaysian (n = 9). The final sample
consisted of 444 participants (332 females, 101 males and 10 prefer not to say) with
an age range of 17 to 69 (M = 23.0, SD = 6.0).

Materials

Musical Excerpts. All 94 unreleased professionally made musical excerpts
used in the original study were acquired from the authors (Rentfrow et al., 2011). In
line with Rentfrow et al. (2012), 1 used 50 musical excerpts. Three of the original 50
musical excerpts were not available (“Through the Years” by The O’Neill Brothers,
“Sweet 5” by Kush, and “Electro” by Leo the Lionheart). I selected three musical
excerpts of the same genres from the remaining musical excerpts (“Falling Down” by
Ezekiel Honig, “And What You Hear” by Twelve 20 Six, and “Feed Your Head” by
Phaedra) to include a total of 50 musical excerpts. Each musical excerpt was around
15s long. A pilot study (n = 23) confirmed that all musical excerpts were unfamiliar to
Malaysians. In the main study, participants had to rate each musical excerpt on a
rating scale of 1 (Extremely Dislike) to 9 (Extremely Like).

Musical Sophistication. The Ollen Musical Sophistication Index (OMSI) was
used to estimate musical sophistication (Ollen, 2006). Musical sophistication includes
the duration of musical training and receptive abilities (e.g., frequency that one
engages in musical activity). The OMSI (see Appendix Il for the full questionnaire)
comprises of nine items. Six items assess experience in musical training and
education (e.g., How many years of private music lessons have you received?) and

three items assess the personal experience in musical activities (e.g., Which option
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best describes your experience at composing music?). The OMSI was originally
scored binary (less vs more musically sophisticated), but I used the continuous scores
to control for musical sophistication. OMSI has an acceptable internal reliability (o
=.74; Ollen, 2006).

Big-Five Personality Traits. The Ten Item Personality Inventory (TIPI) is a
10-item questionnaire that measures the Big-Five personality traits (Gosling et al.,
2003). Each personality trait is measured by two items, one of which is reverse scored
(see Appendix 111 for the full questionnaire). One has to rate how much they agree or
disagree with each item on a 7-point Likert scale (1 = disagree strongly, 7 = agree
strongly). The TIPI has adequate test-retest reliability, converges with the standard
instruments, and showed predicted associations with external correlates such as
political view and depressive traits when the Big-Five personality traits were
measured with a different instrument (Gosling et al., 2003). Moreover, Big-Five
personality as measured with the TIPI has been linked to musical preferences in
previous research (Bonneville-Roussy et al., 2013).

Autistic Traits. The Autism-Spectrum Quotient 28 (AQ-28) was used to
measure autistic traits. Please see the Materials and Results section of Chapter 3 for
details about the AQ-28.

Procedure

Before the start of the online survey, participants could choose to respond in
either English or Malay. After consenting to participate in the study, the 50 musical
excerpts were randomly presented to the participants. Participants had to rate how
much they liked each musical excerpt. After this, the OMSI, TIPI, and AQ-28, were
administered in random order. At the end of the survey, participants were informed of
the purpose of the research. All participants were given information on their likely
musical preference and its link to personality traits according to previous research
(Rentfrow et al., 2012). Psychology students from the University of Nottingham

Malaysia were additionally given study credits.
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Results
Confirmation of the MUSIC Model

The following analyses were conducted using SPSS v25, AMOS v25 and R.
The dataset was randomly split to be able to conduct principal component analysis
(PCA) in half of the data and confirmatory factor analysis (CFA) in the second half of
the data.

PCA with varimax rotation was conducted on the first half of the data (n =
222). Both Kaiser-Meyer-Olkin Measure (.89) and Bartlett’s Test (p <.001) indicated
that PCA was appropriate to conduct on the data. The PCA produced a first factor that
accounted for 24% of the variance. The scree plot suggested an “elbow” around five
factors. The first five eigenvalues were also suggested to be greater than chance in
explaining the variance according to parallel analysis of Monte Carlo simulations.
Successive PCAs were then conducted for one-factor through six-factor solutions and
the sixth factor was found to explain a relatively small proportion of the variance
(3%). The analyses together suggested no more than five factors should be retained.

| also examined whether the factors extracted above were invariant across
different extraction methods such as maximum likelihood and principal axis. Principal
axis and maximum likelihood with varimax rotation were conducted for the five-
factor solution. Next, regression factor scores of each solution from PCA, principal
axis and maximum likelihood were correlated. The factors appeared to be invariant
across the three extraction methods, with correlations averaging above .98 between
the PCA and maximum likelihood factors, .99 between the PCA and principal axis
factors, and .99 between the maximum likelihood and principal axis factors. The
results suggest that regardless of the extraction methods used, the same solutions
would be obtained. Therefore, | reported the solutions derived from the PCA in the

current study.

The five-factor solution with a factor loading cut-off of > .4 appeared to be
fairly consistent with the MUSIC model found in the Western samples (Rentfrow et
al., 2012). The first and third factor confirmed the Intense and Sophisticated factor
(see Table 4.2). The second factor comprised all of the Mellow factor excerpts from
the original MUSIC model, but three excerpts from the Unpretentious factor also
loaded onto the second factor. The fourth factor confirmed the Contemporary factor,
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but two original excerpts did not load onto this fourth factor. The fifth factor consisted
of mainly excerpts from the Unpretentious factor, with three excerpts that were

previously loaded onto the Contemporary factor.

Tucker’s congruence coefficient was computed with the psych R package
(Revelle, 2021) to determine the similarity of factors the current and Rentfrow et al.'s
(2012) study (see Table 4.3). A value between .85-.94 indicates a fair similarity, and a
value above .95 suggests identical factors (Lorenzo-Seva & ten Berge, 2006). The
Sophisticated and Intense factors were fairly identical between the current and
Rentfrow and colleauges' (2012) study. The congruence coefficient for Contemporary
and Mellow factor dipped below the cut-off range (factor congruence coefficient = .80
and .72 respectively), indicating potential dissimilarity. The Unpretentious factor
found in the current study was found to be dissimilar to the Unpretentious factor

found in the previous study (factor congruence coefficient = .56).

CFA was conducted with SPSS Amos v25 on the second half of the sample (n
=222). | compared the original MUSIC model with the model obtained from the PCA
above. As shown in Table 4.4, both models showed poor fit to the data with fit indices
falling below the acceptable values (CFI & TLI > .95, RMSEA < .06; (Hu & Bentler,
1999). The original MUSIC model (Rentfrow et al., 2012) demonstrated an overall
slightly better fit. Hence, the original MUSIC model was used in the subsequent

analyses of music preferences.
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Table 4.2

Factor loadings on the MUSIC dimensions between the current study and Rentfrow et al. (2012).

Factors
S C
Artist Piece Genre MY RF MY RF MY RF MY RF MY RF
Human Signals Birth Soft Rock .63 67 -04 08 .19 .27 -13 -03 .17 .16
Bruce Smith Children of Spring Adult contemporary .59 65 -03 .14 39 .38 -12 -05 -06 .01
Lisa McCormick Let’s Love Adult contemporary .31 .30 .14 29 38 51 -05 .02 .36 .16
Taryn Murphy Love Along The Way Soft Rock 59 50 26 43 .02 -02 .07 .11 23 .16
Frank Josephs Mountain Trek R&B/soul 68 72 00 .18 .19 .17 -02 -05 .16 .14
Walter Rodriguez Safety Electronica bS5 b9 03 01 .09 .13 -02 .02 37 45
Language Room She Walks Soft Rock 61 54 -00 .24 07 .06 .12 .19 .11 .08
Curtis Carrots and Grapes Rock 'n' Roll 19 -05 54 69 36 .29 30 .14 .03 .02
Laura Hawthorne Famous Right Where | am Mainstream country .69 46 .24 62 -01 -12 .12 .01 .03 .10
James E. Burns I’'m Already Over You New Country 68 30 50 .79 .03 .08 -03 -04 -00 .03
Five Foot Nine Lana Marie Country-rock 66 34 33 .71 .15 .10 -07 -05 .05 .03
Anglea Motter Mama I’'m Afraid To Go Bluegrass 25 -11 70 65 .18 35 .14 14 -01 .06
There
Babe Gurr Newsreel Paranoia Bluegrass 51 13 65 .76 .18 .18 .06 -04 -12 .03
Bob Delevante Penny Black New Country J1 25 38 75 -02 .13 -01 .01 -10 .05
Carey Sims Praying for Time Mainstream country .73 .47 -04 65 .11 -02 .08 .05 .05 .08
Ali Handal Sweet Scene Soft Rock 64 52 01 38 .15 31 -10 .03 -03 .01
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Factors

M U S C
Artist Piece Genre MY RF MY RF MY RF MY RF MY RF
Hillbilly Hellcats That’s Not Rockabillity Rock 'n' Roll A1 -11 64 64 20 27 15 .03 -02 -.02
Antonio Vivaldi ConcertoinC Classical 18 21 07 05 76 .75 .09 .00 -13 -.06
Lisa McCormick Fernando Esta Feliz Latin 07 06 3 27 53 63 .15 -03 .44 25
Daniel Nahmod I Was Wrong Traditional jazz 34 34 -06 .13 59 64 .07 -04 20 .23
Various artists La Trapera Latin 11 -01 37 19 59 75 07 -04 29 .15
DNA La Wally Classical 03 .18 .16 .06 .71 .69 .08 .07 .09 .00
Moh Alileche North Africa’s Destiny World beat -01 06 42 20 50 .67 .04 .01 .27 .07
Laurent Martin Scriabin Etude Opus 65 No 3 Avant-garde 16 03 .10 00 71 76 .02 .05 .06 -.02
classical
Ljova Seltzer, do I drink too much?  Avant-garde 16 04 19 11 69 .82 .12 .06 .16 .07
classical
Bruce Smith Sonata A Major Classical 53 31 03 .08 64 .70 -05 -04 -10 -03
Paul Serrato & Co. Who are You? Traditional jazz 06 07 .20 .10 53 .68 .08 .02 .42 25
Five Finger Death Punch  Death Before Dishonor Heavy Metal -03 .08 05 -12 .02 -02 .83 .80 .05 -01
Cougars Dick Dater Classic rock -06 -15 15 212 09 .08 .73 .76 .21 .08
Bankrupt Face the Failure Punk 02 -05 04 00 .06 -01 .8 .85 .05 -02
Exit 303 Falling Down 2 Classic rock 11 15 -14 05 02 -01 .78 .82 .15 -01
The Stand In Frequency of a Heartbeat Punk O7 10 11 09 05 .01 .77 75 .06 .07
The Tomatoes Johnny Fly Classic rock -08 -06 .12 .14 06 .04 83 79 .11 .01
Squint Michigan Punk -05 -04 07 .03 .03 -02 .87 .83 .00 -.06
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Factors

M S

Artist Piece Genre MY RF MY RF MY RF MY RF MY RF
Dawn Over Zero Out of Lies Heavy Metal -01 14 11 -10 .11 -03 .78 .72 .11 .10
Straight Outta Junior Over now Punk 06 -06 .18 .11 09 .05 .81 .82 .03 .00
High

Five Finger Death Punch ~ White Knuckles Heavy Metal -23 -11 14 -12 01 -05 .74 74 15 .01
Ciph Brooklyn Swagger Rap -02 -10 .00 .15 .08 -05 .20 .07 .67 .75
Sammy Smash Get the Party Started Rap 02 -02 -10 .13 -01 -09 .16 .06 .70 .76
The Cruxshadows Go Away Europop 06 30 45 -21 .10 .25 .18 .08 .34 50
Mykill Miers Immaculate Rap O7 08 .12 03 .07 .10 .08 .08 .71 .75
Preston Middleton Latin 4 R&B/soul 07 16 .06 .04 16 .23 .11 -01 .65 .73
Benjamin Chan MATRIX Electronica -02 04 53 -23 .15 15 31 34 29 46
AB+ Recess Electronica 05 40 .13 -01 50 54 .10 -04 53 .34
Robert LaRow Sexy Europop 10 05 32 13 01 .13 24 -06 .64 .72
DJ Come Of Age Thankful R&B/soul 29 23 -07 22 .14 03 -08 -11 .64 .62
Magic Dingus Box The Way It Goes Electronica A3 35 53 -13 15 .18 13 .04 43 52

Note. This table excludes the three musical excerpts that | selected and not included in Rentfrow et al. (2012). The largest loading for
each musical excerpt is in italics, and the factor loadings equal or above .40 are in bold. MY: Malaysian sample; RF: factor loadings

obtained from Rentfrow et al. (2012). M = Mellow, U = Unpretentious, S = Sophisticated, | = Intense, C = Contemporary.
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Table 4.3

Tucker’s congruence coefficients between current study and Rentfrow et al. (2012).

Rentfrow et al. (2012)

Current Study Mellow Unpretentious Sophisticated Intense Contemporary

Mellow 72 79 41 .03 .28
Unpretentious .34 .56 54 .20 41
Sophisticated 48 .35 .88 .26 .35
Intense .06 17 18 .88 19
Contemporary 43 .08 .35 .26 .80

Note. Congruence coefficients above .85 are in bold.
Table 4.4

Fit indices of the original MUSIC model and the explored model.

Model
Original MUSIC Explored Model
Model fit indices
P 2671.49 2848.82
df 1034 1034
P <.001 <.001
CFlI 728 699
TLI 716 .685
RMSEA .085 .089
(90% CI) (.081 - .089) (.085 - .093)
AIC 2953.49 3130.82

Note. Both models dipped below the recommended fit indices

Music preferences, personality and autistic traits

The weighted preference for each of the five MUSIC dimensions was
calculated using a previously reported formula (Greenberg et al., 2015). This
weighted preference of each MUSIC dimension takes participants’ preference rating
of each excerpt and the factor loadings of that excerpt on each dimension into

account. | used the factor loadings found in the current study in this formula.
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Given the influence of age, gender and musical sophistication on music
preferences (Bonneville-Roussy et al., 2013; Glirgen, 2016; Soares-Quadros Junior et
al., 2019), hierarchical multiple linear regressions were conducted to examine the
predictability of Big-Five personality traits and autistic traits on the MUSIC
dimensions beyond age, gender and musical sophistication. No issues of
multicolinearity, normality, and influential points were detected. However, there was
a potential issue with homogeneity of variance across all models. Hence, hierarchical
multiple linear regressions with weighted least squares estimation were conducted.
Age, gender, and musical sophistication were entered as control variables in Step 1
and Big-Five personality traits and autistic traits were entered in Step 2 for each
model. The results of the multiple linear regressions with age, gender, and musical
sophistication as control variables are reported in Table 4.5. In line with previous
research (Bonneville-Roussy et al., 2013), age negatively predicted a preference for
Intense music. Females showed a greater preference for Mellow and Sophisticated
music in comparison to males, and males showed a greater preference for
Unpretentious and Intense music. These gender differences were also consistent with
studies showing a greater preference for music with emotional content among females
and a greater preference for folk, rock and heavy rock music among males (Colley,
2008; Soares-Quadros Junior et al., 2019). Extraversion positively predicted a
preference for Mellow music. Agreeableness positively predicted a preference for
Mellow and Unpretentious music, and negatively predicted a preference for Intense
music. Openness positively predicted a preference for Intense music. Autistic traits

negatively predicted a preference for Contemporary music.
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Table 4.5

Standardised beta coefficients of autistic traits and Big-Five personality traits on the MUSIC dimensions.

Mellow Unpretentious Sophisticated Intense Contemporary
Step 1: S t S t S t S t S t
Age .03 71 -.03 -.67 .01 10 -11 -2.32" .06 1.24
Gender 27 5.717 -.15 -3.13" 12 2.44" -20  -4.057"  -.04 -.80
Musical Sophistication -.09 -2.04" .02 37 10 2.05° .06 1.23 -.05 -.97
Step 2:
Autistic Traits 10 1.63 -.05 -.79 .01 .16 .01 15 -.14 -2.10°
Extraversion 13 2.30 .06 1.07 -.03 -.42 -.06 -.98 01 21
Agreeableness 12 2.43" A1 2.16" .04 77 -13  -255" -.05 -.97
Conscientiousness .03 51 .02 42 .09 1.69 -.07 -1.41 .04 .78
Emotional Stability .02 .30 .01 15 -.05 -.93 .00 .05 .02 .34
Openness -.08 -1.65 -.10 -1.91 -.04 -.81 12 2.26° -.01 -.22

Note. “p < .05. Gender is dummy-coded (male = 0, female = 1).
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Discussion

The current study attempted to confirm the MUSIC model and examine the
associations of Big-Five personality and autistic traits with musical preferences. In
line with my hypothesis and preliminary findings, the MUSIC model was partly
confirmed among a Malaysian sample. In particular, the Intense and Sophisticated
factors were similar. The associations between musical preferences and Big-Five
personality traits found in the current study were somewhat inconsistent with previous
findings after accounting for age, gender and musical sophistication. Moreover,
inconsistent with my hypothesis, autistic traits were not associated with a preference
for Sophisticated or Intense music, but a negative association was found with

Contemporary music.

The MUSIC model

The MUSIC model was partly confirmed with two emerging factors
corresponding to the previously reported factors Intense and Sophisticated from
Rentfrow et al. (2012). This echoes the previous findings among Singaporeans which
demonstrated that the MUSIC model was not perfectly replicated (Heng et al., 2018),
though their study also showed that the Intense and Sophisticated music factors were
fairly similar to the original reported factors (Rentfrow et al., 2012). Broad genres
such as heavy metal (i.e., Intense) were ranked similarly across 47 countries (Schedl,
2017). While Malaysia was not included in the study by Schedl (2017), the emergence
of these two factors that comprise popular and broad genres suggests that Malaysians
are substantially exposed to these genres. The confirmation of Intense and
Sophisticated music among Malaysians suggests that Malaysians have a high

familiarity with these factors.

The Mellow and Contemporary factors in the current study are somewhat
different from Rentfrow et al. (2012), and some excerpts failed to load onto the
original factors. Cultural differences in music-evoked emotions might explain the
discrepancy given that perceived psychological attributes of music explain unique
variance in the MUSIC model (Rentfrow et al., 2012). Emotional reactions to music
were found to differ across cultures (North & Davidson, 2013). Emotions such as
surprise, spirituality, astonishment, anxiety, happiness, love, pride and interest are

more prevalent in collectivistic cultures than in individualistic cultures (Juslin et al.,
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2016). The perceived mood from the same set of musical excerpts differed between
Korean, Chinese and Americans (Lee & Hu, 2014). Moreover, the perceived extra
musical associations with genres (e.g., perceived higher intelligence of fans of
classical music) might differ across cultures. Certain stereotypes are associated with
fans of certain music genres (Rentfrow et al., 2009; Rentfrow & Gosling, 2007), but
the pattern of associations might differ across cultures. For instance, Americans
associate ethnic minorities more with hip-hop than with other genres, while Germans
do not associate ethnic minorities with specific genres (Kristen & Shevy, 2013). It is
not argued that these findings can be generalized to Malaysia given the continuous
nature of collectivism-individualism construct and limited numbers of nations
included in these previous studies. The findings merely demonstrate that there are
subtle cultural differences, and a combination of these cross-cultural differences

might hence drive the slight inconsistency between studies.

The Unpretentious factor differs greatly between the current study and
(Rentfrow et al., 2012). A similar pattern emerged in the Singaporean sample (Heng
et al., 2018), where Unpretentious was the only factor that did not reach the threshold
for factor congruence. While the aforementioned reasons (cultural differences in
music-evoked emotions and general associations with genres) likely also explain the
lack of replication of the Unpretentious factor, there might be other reasons that this
factor is unstable across cultures. One of the potential reasons is familiarity, as
highlighted by Heng et al. (2018). Given that Malaysia is geographically and
culturally similar to Singapore, the level of exposure to country and folk music
(genres that make up the Unpretentious factor) might be similarly low. Familiarity has
been consistently shown to influence and explain a substantial portion of variance in
music preference (Fung, 1996; Teo et al., 2008). For example, among the predictors
investigated (e.g., personality and demographic), familiarity was found to be the
strongest predictor of music preferences for South Koreans and Americans (Yoo et
al., 2018), and familiarity plays a key role in listeners’ emotional engagement in
music (Pereira et al., 2011). More importantly, familiarity probably stands out among
the cross-cultural differences in perceived musical emotions and extra musical
associations because it was suggested that there are more similarities than differences
across cultures (Juslin et al., 2016; Kristen & Shevy, 2013). Low familiarity with the

music implies limited knowledge about the genre of the music, which in turn, might
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lead to difficulty in recognising different music excerpts belonging to similar genres.
Therefore, familiarity might be the main driving force behind not replicating the

Unpretentious factor.

The argument on why some of the MUSIC factors were not confirmed in the
current study so far is based upon the potential cross-cultural differences in perceived
psychological attributes of musical excerpts. Considering that each MUSIC factor is a
cluster of similar music genres, how music genres itself are conceptualised in various
cultures would likely affect the cross-cultural reliability of the MUSIC model. There
is evidence indirectly suggesting that music genres are, at least, partially dependent on
social context. For instance, people tend to have clear stereotypes about the fans of
various music genres, and these music-genre stereotypes reflect truth to a certain
extent (Rentfrow & Gosling, 2007). The findings suggest that music genres are
usually tagged with social contents (i.e., stereotypes), and cultural differences in the
perception of these stereotypes (Kristen & Shevy, 2013) might lead to failing to
replicate the MUSIC factors. On the other hand, acoustic features define music genres
too; music under the same genre clearly shares similar acoustic features. Moreover, as
highlighted by Rentfrow et al. (2012), both psychological and acoustic features shape
the formation of the MUSIC factors. In a similar vein, if music genres are viewed as
different MUSIC factors, conceptualisation of music genres are probably drive by a
combination of psychological and acoustic features as well. Therefore, while the
formation of the MUSIC model is not based solely on music genres, subtle cross-
cultural differences in the social contents associated with certain music genres likely
also contribute to why some MUSIC factors are not confirmed in the current study.

In a recent study, the MUSIC model was reported to be invariant across 53
countries, including Malaysia and Singapore (Greenberg et al., 2022). The seemingly
contradictory findings between the current study and Greenberg et al. (2022) are
reconcilable. Firstly, although the MUSIC model was not fully replicated, the original
MUSIC model (Rentfrow et al., 2012) showed a better fit in the current data than the
model based on EFA. This aligns with its invariance across countries. Secondly,
despite the invariance of the MUSIC model across countries, there were variations in
how the music preference model is constructed based on geographical location
(Greenberg et al., 2022). Specifically, when examining similarities on the formation

of the MUSIC model across countries, three major clusters were found with one
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cluster consisting primarily of Asian countries. This suggests that cross-cultural
differences in music cognition and familiarity with the presented music described
above might underlie the emergence of the clusters. Thus, while both mine and the
recent findings (Greenberg et al., 2022) provide some evidence that the MUSIC
model is useful across countries, the current findings specify where the MUSIC model

might differ between countries and plausible explanations for the variations.

Music preferences and personality

The current study replicated the relation between Agreeableness and Openness
with the Unpretentious and Intense music/factors respectively. However, other
associations between MUSIC preferences and Big-Five personality traits were not
replicated. Several explanations might account for this inconsistency. Firstly, the
current study took musical sophistication into account in addition to age and gender
while examining the association between music preferences and personality, while
only the latter two were commonly considered in prior research (Greenberg et al.,
2016; Nave et al., 2018; Vella & Mills, 2017). Extended musical training has been
shown to associate with certain music preferences; participants with more than five
years of training tend to give higher preference ratings regardless of the genres
compared to those with less training (Ginocchio, 2009). Moreover, individuals with
more musical training appeared to use music differently than those with less training
which, in turn, contributed to an increased preference for certain music (e.g., complex
music such as classical and jazz; Getz et al., 2014). However, in the current study,
regression models without musical sophistication as a control variable did not change
the results. It seems that while musical sophistication was positively associated with
preference for Mellow and Sophisticated music, accounting for this relation did not
reveal any previously found associations of personality traits with Mellow and
Sophisticated music. Therefore, the current findings suggest that generalization of

these associations from one culture to another should be exercised with caution.

Secondly, while the Big-Five personality dimensions were found to be
relatively stable across 56 countries (Schmitt et al., 2007), and associations with
music preferences were fairly consistent across 53 countries (Greenberg et al., 2022),
a closer inspection of the Big-Five constructs among Malaysian or non-WEIRD

(western, educated, industrialised, rich and democratic) populations showed low
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validity (Hee, 2014; Laajaj et al., 2019). The failure to detect the previously found
associations might hence stem from low validity of the TIPI, or Big-Five in Malaysia.
However, the TIPI is a frequently used instrument in the music preference literature
(e.g., Greenberg et al., 2022). Moreover, the replication of the associations of
Agreeableness and Openness with Unpretentious and Intense respectively provides
partial support that the TIPI is reliable in capturing these personality traits. However,
the significant positive association between Extraversion and Mellow shows that the
proposition that extraverts would prefer energetic and upbeat music (Vella & Mills,
2017) does not apply in Malaysia. This aligns with previous findings that traits
associated with Extraversion differ between Asian and Euro Americans; assertiveness
and activity are linked to Extraversion for Euro Americans but not for Asian
Americans (Lui et al., 2020). The current results that Extraversion is positively
associated with Mellow music in Malaysia supports the notion that the relationships

between personality traits and music preferences might not be universal.

Another notable difference between the current study and prior research is the
relationship of Agreeableness with Mellow and Intense music, which was not
commonly observed previously. However, these relations support the hypothesis that
individuals who are high in Agreeableness would prefer warm, calming and
inoffensive music (Bonneville-Roussy et al., 2013). While these findings provide
support for the reliability of the TIPI and its use in the current study, the inconsistent
results might be due to the dissimilarity of the MUSIC factors between the current and
previous study (Rentfrow et al., 2012). Agreeableness was positively associated with
a preference for Unpretentious music (Bonneville-Roussy et al., 2013). Given that the
Unpretentious factor was not replicated in the current study, it is also unlikely to find
the previously observed association with Agreeableness. Therefore, it appears that the
cross-cultural differences mentioned in the previous section that led to non-success in

replicating the MUSIC factors might explain the inconsistent findings.

Music preferences and autistic traits

Although the expected positive association between autistic traits and Intense
music was not found, | did find a negative association with Contemporary music. The
hypothesis was extrapolated from the findings among individuals who are high in
systemizing (Greenberg et al., 2015), hence the hypothesis was not based on autistic
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traits, which might explain the inconsistent results. While systemizing is related to
autistic traits (Wheelwright et al., 2006), it is only a small part of the picture. The AQ
measures autistic traits more broadly, including items measuring social and
communication traits. While systemizing might be positively associated with a

preference for Intense music, this does not seem to generalise to autistic traits.

The hypothesised positive association between autistic traits and Sophisticated
music was not supported, which was based on the enhanced perceptual functioning
theory in ASC (Mottron et al., 2006). According to this theory, autistic individuals
prefer and appreciate Sophisticated/complex music more, given their enhanced lower-
level auditory perception. Although the AQ-28 has been shown to measure the same
latent traits, though with notable bias, among autistic and non-autistic individuals
(Murray et al., 2014), there might be qualitative differences between those who are
clinically diagnosed and those who score higher on the AQ. Moreover, heterogeneity
is apparent within the autism spectrum. For example, only some autistic individuals
display superior musical ability (Heaton et al., 2008), who might represent a
genetically distinct subgroup (Nurmi et al., 2003). Therefore, it is probable that
preference for Sophisticated music applies exclusively to this subgroup which
displays enhanced perceptual functioning, and future research could explicitly
investigate this by comparing within and between clinical and non-clinical

populations.

The negative association between autistic traits and Contemporary music was
not hypothesised. This association can be explained by the sociable and danceable
function component of contemporary music (Bonneville-Roussy et al., 2013;
Rentfrow et al., 2012). Autistic traits align with more social difficulties. A decreased
preference for Contemporary music might hence result from the social component of
this factor. The findings suggest that autistic traits among general populations relate to
less preference for Contemporary music after accounting for age, gender and musical

sophistication.

Limitations and future directions

Firstly, in this online study, there was a risk of self-selection bias. Individuals
who are interested in music might be more likely to participate in the current study.

Moreover, most of the participants are young adults and university students who
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consume more music and consider music more important than older adults
(Bonneville-Roussy et al., 2013). Hence, | might have included participants with
relatively high musical engagement which might lead to different (higher)
preferences. Therefore, one should exercise caution when generalizing the current
findings to the wider general population, and future studies could consider including a
more representative sample to test the replicability of the current findings. Secondly,
the current study design called for a brief measure of personality and music
sophistication. Although both personality traits and musical sophistication
significantly predicted preference for certain music even with these brief instruments,
inclusion of more extensive instruments (e.g., Big Five Inventory and Goldsmiths
Musical Sophistication Index; John & Srivastava, 1999; Millensiefen et al., 2014) in
future research could further delineate the relationship of musical sophistication and
personality with music preference, especially in a non-Western context. Thirdly, an
attempt to empirically confirm the MUSIC model necessitated the use of the same set
of musical excerpts. Nonetheless, a more comprehensive study is needed to examine
the effects of including a wider range of genres that Malaysians are exposed to (e.g.,
Malay, Mandarin and Korean pop music) on the formation of a music preference

model.

Conclusion

The main objective of the current study was to test whether the MUSIC model
and its association with Big-Five personality traits could be confirmed in Malaysia.
The current results, to the best of my knowledge, are among the first to investigate the
replicability of the MUSIC model among a relatively large Southeast Asian sample.
The MUSIC model was partly confirmed among Malaysians with the Sophisticated
and Intense factors being virtually identical with prior research. In line with previous
findings, a preference for Unpretentious and Intense music were significantly
associated with Agreeableness and Openness respectively even when musical
sophistication was accounted for. Agreeableness was positively associated with a
preference for Mellow music and negatively associated with a preference for Intense
music. Aultistic traits were associated with a reduced preference for Contemporary
music. Overall, while the current findings provide partial support for the MUSIC

model in Malaysia, it also highlights the importance of studying music preference in a
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non-Western context given the potential cross-cultural differences in music

preferences and its association with listeners’ characteristics.
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Chapter 5: The Effects of Listening to Preferred Music on Executive
Function Performance and Electrodermal Activity in relation to Autistic

Traits

Listening to self-selected or preferred music has been suggested to increase arousal
and subsequently improve cognitive performance. However, less is known about the
effects of music listening on executive function (EF), and whether this effect is
mediated by electrodermal activity (EDA), a physiological measure of arousal. While
autistic traits are associated with poorer EF, people with autism show more elevated
EDA in response to self-preferred music compared to the neurotypical population.
This study aimed to investigate whether listening to preferred music would elevate
EDA, and consequently enhance performance in EF tasks, and whether the effect of
preferred music on EDA and EF is moderated by autistic traits. Twenty-eight (21
females, 7 males, Mage = 22.9) university students completed the Corsi Block Test,
Trail Making Test and Go-NoGo Task while listening to preferred music, relaxing
music and in silence. Their EDA was measured throughout all conditions. They also
completed the Autism-Spectrum Quotient-28 (AQ-28). Listening to preferred music
did not lead to elevated EDA nor to better EF performance compared to relaxing
music and silence. Autistic traits did not predict EF performance, nor EDA. The
findings suggest that the effects of music listening on cognitive performance might
not be directly applicable to EFs, and self-selected background music might not elicit

autonomic responses, nor influence EF.
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Music listening has been linked to cognitive performance for decades. For
example, the ‘Mozart effect’ refers to the enhancement in cognitive performance
following exposure to Mozart music, and it received attention following the report of
improvements in spatial task performance after listening to Mozart (Rauscher et al.,
1993). Since then, many studies have shown improvements in cognitive performance
following exposure to music (Hallam et al., 2002; Mammarella et al., 2007;
Schellenberg et al., 2007), though null effects (Steele et al., 1999), and negative
effects are also reported (Giannouli et al., 2019). Nonetheless, it is speculated that the
positive effects might result from music listening activating the neuronal cortical
networks that underlie cognition and attention. Using an electroencephalogram,
Verrusio et al. (2015) found an elevation of the alpha-band and median frequency
index of background alpha rhythm activity, where such activity is linked to memory
and cognition, in both healthy adults and in elderly after listening to Mozart compared
to Beethoven. Therefore, it is hypothesised that music may prime the neuronal
networks that are responsible for cognition and attention, which in turn, would lead to
enhanced performance on cognitive tasks that are served by these networks.

The reported effects in the prior paragraph all refer to listening to music before
performing cognitive tasks. However, people often play music in the background
while performing tasks in everyday life (Lonsdale & North, 2011). Evidence for the
effects of background music on cognitive performance is mixed (Angel et al., 2010;
Furnham & Strbac, 2002; Jancke & Sandmann, 2010). Considering that listening to
music while performing tasks is a more probable scenario in everyday life, the current
study focused on the effect of background music on cognitive performance.

While it is intriguing that mere listening to music might lead to temporary
cognitive enhancement, understanding the mechanism of how music affects cognitive
performance might not be straightforward. A meta-analysis suggests that there is little
evidence for the Mozart effect (Pietschnig et al., 2010). Rather, the Mozart effect
might result from one’s preference for one condition over another. Nantais and
Schellenberg (1999) showed that people did not perform better on a spatial-temporal
task when listening to Mozart per se, but people who preferred listening to Mozart
performed better when listening to Mozart while those who preferred a narrated story
performed better when listening to a narrated story. Although there was no measure of

mood and arousal, the authors postulated that one’s preferences for one condition
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increased the level of mood and arousal in that condition, which in turn, led to better

performance.

Changes in mood and arousal have long been associated with changes in
autonomic responses (Rickard, 2004; Silvestrini & Gendolla, 2007). The autonomic
nervous system includes the sympathetic (i.e., predominates during emergency “fight-
or-flight” reactions and physical activity) and the parasympathetic (i.e., predominates
during quiet, resting conditions) nervous system. Electrodermal activity (EDA) is one
of the autonomic properties most sensitive to changes in sympathetic arousal,
reflecting emotional and cognitive states (Braithwaite et al., 2013). Most importantly,
it might be the only autonomic variable that is not influenced by parasympathetic
activity. Listening to music, especially preferred music, could lead to elevated EDA,
which indicates increased arousal (Davis & Thaut, 1989; Harrer & Harrer, 1977,
Rickard, 2004; Salimpoor et al., 2009; Schafer & SedImeier, 2011).

If cognitive performance is enhanced by elevated arousal, listening to
preferred music may lead to the same result due to its influence on arousal. According
to the Yerkes-Dodson law, there is an inverted-U-shaped function between arousal
and behavioural performance (Cohen, 2011; Yerkes & Dodson, 1908). The inverted-
U-shaped function suggests that an optimal performance would be observed when
reaching an optimal level of arousal, whereas under- or over-arousal would lead to
poorer performance. However, different music may lead to different levels of arousal.
For example, music with a slow tempo and in minor mode, which is usually indicative
of sad music, may not increase arousal (Verrusio et al., 2015), and highly arousing
music (e.g., loud and fast) has been shown to disrupt cognitive performance (Cassidy
& MacDonald, 2007; Thompson et al., 2012). Nevertheless, regardless of the genre of
music or whether the music contains lyrics, preferred music reliably activates the
brain network that encompasses the default mode network (a network of brain regions
that have measurable activity even when the brain is not actively engaged in goal-
directed activities or commonly considered as at “rest”) and the hippocampus
(Wilkins et al., 2014). A major subdivision of the default mode network, the ventral
medial prefrontal cortex, is involved in the regulation of physiological arousal
(Raichle, 2015; Zhang et al., 2014). This suggests that preferred music would enhance
arousal. Furthermore, a recent review indicates that there is a positive correlation

between cognitive function and functional connectivity of the default mode network
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(Mak et al., 2017). Possibly, the brain regions that pertain to cognitive functioning
(default mode network in this case) and physiological arousal are modulated by music
listening, which in turn leads to better behavioural performance (Ferreri et al., 2014).
Moreover, people might prefer listening to music that modulates their arousal level to
an optimal state so that it would not disrupt their performance during work/study.
Hence, listening to preferred music likely leads to optimal changes in physiological
responses, which in turn, might lead to enhanced behavioural performance according

to Yerkes-Dodson law.

Besides EDA, subjective arousal (i.e., self-reported arousal) tends to increase
after listening to music and this increase is accompanied by enhanced cognitive
performance (Schellenberg et al., 2007). Subjective arousal is a person’s perception of
his/her own arousal, and it is usually measured using a rating scale from very calm to
very aroused/excited. An increase in subjective arousal in response to music has been
consistently observed (Gomez & Danuser, 2004; Rickard, 2004; Schellenberg et al.,
2007), but not all music induces similar levels of subjective arousal. For example, a
Mozart excerpt with fast and major mode induced an increase in subjective arousal,
but an Albinoni excerpt with slow and minor mode did not (Thompson et al., 2001),
which coincides with the idea that music with a slow tempo and minor mode might
not enhance arousal. Furthermore, higher subjective arousal appears to be positively
correlated with objective arousal (Gomez & Danuser, 2004). To get a holistic view of

a person’s arousal, both a subjective and objective measure of arousal should be used.

While different aspects of cognitive abilities such as linguistic processing,
spatial-temporal and processing speed have been tested while listening to music, there
is little research examining the effect of music listening on executive functioning (EF)
specifically (Diamond, 2013). Except for working memory, where both positive
(Chew et al., 2016) and null (Schellenberg et al., 2007; Steele et al., 1997) effects
were reported following exposure to music, limited research has focused on cognitive
flexibility and inhibition. Despite the mixed findings of music listening on working
memory, | expect that performance on all EF domains might transiently be improved
from listening to preferred music, based on the evidence of heightened arousal from

such process.
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Autistic individuals show a stronger increase in physiological responses to
preferred music compared to neurotypical individuals (Hillier et al., 2016).
Autonomic dysregulation is commonly reported among autistic individuals but
depending on the branch of the investigated autonomic nervous system, hyper- and
hypo-arousal are observed (Arora et al., 2021). That said, there is little research
investigating whether autistic traits in the general population are also associated with
increased or decreased physiological arousal. Besides, elevated autistic traits are
associated with more EF difficulties (Christ et al., 2010). This study examined
whether autistic traits are associated with physiological arousal, and whether elevated

arousal would alleviate EF difficulties associated with autistic traits.

In the current study, | investigated if music listening while performing EF
tasks had a positive impact on EF, after controlling for musical sophistication, as
musical sophistication is known to positively relate to EFs (Meyer et al., 2020). |
hypothesised that listening to preferred music would elevate arousal (both subjective
and objective), which in turn would enhance performance on EF tasks. | also
hypothesised that higher autistic traits would worsen EF performance. While a
relationship between autistic traits and EDA is expected, the direction is unclear since

both hypo- and hyper-arousal were reported.

Method
Participants

This study was approved by the Science and Engineering Research Ethics
Committee of the University of Nottingham Malaysia (Identification Number:
CZJ261219). Twenty-eight (21 females, 7 males) university students aged between 18
to 32 (M = 22.9, SD = 3.5) were recruited through the university recruitment email. 17
participants (60.7%) self-identified as Chinese Malaysian, 2 (7.1%) self-identified as
Malay, 2 (7.1%) self-identified as Indian Malaysian, and 7 self-identified (25.1%)

with other ethnicities.

Measures

Music. Preferred music was selected by participants prior to the experimental
session. Songs from diverse genres, ranging from Western pop, rock, indie, classical,
instrumental to Kpop, Mandopop and Indi-pop were provided by participants.

Instrumental relaxing music was selected by the experimenter, based on previous
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literature, where it was shown to induce a relaxed state. Example pieces of relaxing
music are Pachelbel’s Canon in D major (Knight & Rickard, 2001), Satie’s
Gymnopedie no. 1 (Rickard et al., 2012), and Albinoni’s Adagio (Bringman et al.,
2009). These musical pieces have been shown to relieve or decrease subjective

anxiety and subjective and objective measures of arousal.

Autistic traits. To measure autistic traits the AQ-28 was used. Refer to

Materials and Results section of Chapter 3 for details.

Executive function. All EF tasks were implemented with open-source
software called Psychology Experiment Building Language (PEBL; Mueller & Piper,
2014).

Working memory was assessed with an adapted version of the Corsi Blocks
Test (Kessels et al., 2000). Nine blocks were shown on the screen in each trial and
would light up in a particular sequence. Participants had to click on the blocks in the
sequence that they lit up (see Supplementary Figure 5.1 for a visual representation). In
the first trial two blocks lit up and the length would gradually increase. Kessels’
version of the Corsi Blocks Test would require the nine blocks to remain at the same
location on the screen across trials. However, given the possible practice effect from
repeated testing, the locations of the nine blocks were randomised to appear
differently across trials in the current study. Three practice trials were given before
the experimental trials and the task terminated if participants failed to reproduce two
trials of the same length. Memory span (the longest completed trial) was computed as

an indication of working memory performance.

Cognitive flexibility was assessed with an adapted version of the Trail Making
Test (Bowie & Harvey, 2006). The Trail Making Test consists of two parts. Part A
requires participants to connect dots numbered 1 to 26 shown on the screen (see
Supplementary Figure 5.2a), and it is usually used to test visual search and motor
speed skills. Part B also requires participants to connect dots but in alternating
sequence of numbers and letters (i.e., 1-A-2-B and so forth; see Supplementary Figure
5.2b), and it is suggested to tap into higher-order cognitive ability such as cognitive
flexibility. Given the evidence of practice effects on the Trail Making Test (Buck et
al., 2008), the location of dots was randomly generated in each trial. There were four

trials each for Part A and B, and a short practice trial was provided prior to each
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experimental trial. The total time spent to connect the dots in Part A and B was

computed to be used as the dependent variable in the current study.

Inhibition was measured with the Go-NoGo Task as described by Bezdjian et
al. (2009). Participants had to respond to target letters as quickly as possible and
refrain from responding to non-target letters (see Supplementary Figure 5.4). The Go-
NoGo Task consisted of two conditions: P-Go and R-Go. In the P-Go condition,
participants had to respond to the letter ‘P’ and refrain from responding to the letter
‘R’, and vice versa for the R-Go condition. A 2 x 2 square array was presented on the
middle of the screen throughout the experiment, and either P or R would randomly
appear in one of the arrays for 500 milliseconds. The next letter appeared in one of the
arrays after 1500 milliseconds (i.e., the inter-stimulus interval) regardless of whether
participants made a response. There were 160 trials for each condition with the ratio
of targets to non-targets was 80:20 for both the P-Go and the R-Go condition. A brief
practice trial was provided before the start of each condition. Errors of commission
(i.e., responding to non-targets) and reaction to Go targets in P-Go and R-Go
conditions were the primary interested variable of the current study as high error rates

and shorter reaction time are indicators of impulsivity (or poor inhibition).

Musical sophistication. Musical sophistication was estimated using the Ollen
Musical Sophistication Index (Ollen, 2006). For details about the OMSI, please refer

to the Material section of Chapter 4.

Electrodermal activity. EDA was measured with Neulog Galvanic Skin

Response logger sensor (NUL-217; https://neulog.com/gsr/). Given the relatively

lengthy experiment (approximately 15-20 minutes for three EF tasks repeating 3
times), a sampling rate of 10/s was used in the current study. Two electrodes with
Velcro finger connectors of the Neulog Galvanic Skin Response logger sensor were
fit on the distal phalanges of the index and middle finger of participants’ non-
dominant hand. The readings of EDA were visualised and recorded using the Neulog
application for Windows (https://neulog.com/software/) while connecting to the

laptop with USB. Temperature and humidity were recorded given their possible
influence on EDA (Society for Psychophysiological Research Ad Hoc Committee on

Electrodermal Measures et al., 2012).
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Procedure

Prior to the experimental session, with informed consent, participants
completed an online questionnaire that contained the AQ-28 and the OMSI.
Participants were also asked to provide basic demographic information and a list of

preferred music (at least 5) that they usually listen to while working/studying.

During the offline experimental session, participants’ index and middle finger
of their non-dominant hand were cleaned with alcohol to ensure better conductivity
before the electrodes were attached securely. Participants were reminded to move
their non-dominant hand as little as possible throughout the experiment, and the
experiment started after the readings stabilised. All participants completed the Corsi
Blocks Test, Go-NoGo Task and Trail Making Test three times while their EDA was
recorded; 1) listening to their preferred music, 2) listening to relaxing music and 3) in
silence. The EF tasks were presented on a laptop and the order of conditions and
presentation of the three EF tasks were randomised. Baseline EDA was measured for
two minutes immediately after completing the three EF tasks in each condition. The
choice of measuring EDA after instead of before tasks was to avoid unstable
electrodermal readings, especially at the very beginning of the experiment (Figner &
Murphy, 2011). Sennheiser HD280 Pro Headphones were worn by participants
throughout the experiment. The volume was set by participants to their comfort level
prior to the start of the experimental session. Participants rated the familiarity,
pleasantness, and arousal in each condition on a Likert scale of 1-7 (very
unfamiliar/unpleasant/calm to very familiar/pleasant/aroused) at the end of the
experiment session. Each experimental session lasted around 1.5 hours and

participants were compensated with RM15.

Results
Data analysis

Data of 1 participant were excluded from analysis due to an error in the data
collection procedure. The following results were therefore based on the data of 27

participants.

Considering the relatively small sample size and the within-subject design,
mixed-effects models were used to analyse the data. Conventional methods such as

repeated-measures ANOVA and linear regression do not allow the modelling of
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within-person correlations and could result in biased and less ideal estimates (Muth et
al., 2016). Mixed-effects models were conducted with the R package ‘lme4’ (Bates et
al., 2015) implemented in R (R Core Team, 2021; 4.1.1). Given the possible
suboptimal performance of likelihood ratio test for small sample sizes (Halekoh &
Hgjsgaard, 2014), | opted to estimate fixed effects with the Satterthwaite's method

using the ‘lmerTest” (Kuznetsova et al., 2017).

| used mixed-effects models to test whether (1) participants performed better
on each EF task in the preferred music condition than in the other conditions, (2) EDA
was higher in the preferred music condition than other conditions, (3) whether EDA
positively predicted the performance on EF tasks, and (4) autistic traits either
positively or negatively predicted EDA and negatively predicted EF performance.
Fixed effects were centred and standardised where necessary. Condition was coded

with deviation coding since | was interested in the main effects of Condition.

Following the recommendation of Barr et al. (2013), maximal random effects
structure justified by design was modelled except when there were convergence issues
which could not be resolved by optimization or increasing the number of iterations.
Simplification of the random effects structure was a last resort since convergence
issues would produce unreliable estimates and models (Brown, 2021). The random
effects of each model are reported below. Given that | was interested in multiple fixed
effects in a model, the ‘mixed’ function from the ‘afex’ package (Singmann et al.,
2021) was implemented on the full model to assess the fixed effects. This is
recommended instead of constructing and comparing nested models (with and without
the target fixed effect) one by one, to avoid choosing models a posteriori (Brown,
2021). Final models chosen and reported below were also informed by theories and

previous findings.

To answer my research questions of whether listening to preferred music,
elevated EDA, and lower autistic traits were associated with better EF performance,
three models (i.e., Model 1 Working Memory, Model 2 Cognitive Flexibility, and
Model 3 Inhibition) were constructed. A fourth model (Model 4) was constructed to
answer my research question of whether listening to preferred music and higher
autistic traits were associated with elevated EDA. The raw EDA data (in uS) were

square root transformed because they were positively skewed. The analyses below
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focused on the EDA during the first two minutes of each experimental condition for
three reasons: 1) to match the duration of baseline measurement. 2) More noises are
likely to be introduced in the EDA readings as the duration increases because EDA is
very sensitive to changes in the environment. 3) With a sampling rate of 10/s over a
long period of time (around 15-20 minutes per condition), it would be
computationally expensive to analyse such enormous amount of EDA readings.
However, | also repeated and reported the analyses on the full-length EDA of each
experimental condition to check for possible differences in results.

Manipulation check: Comparisons of self-rated arousal, pleasantness, and
familiarity between conditions

To test whether self-rated arousal, pleasantness and familiarity of the music
differed between conditions, Friedman tests were conducted. Self-rated arousal
differed between conditions, x*(2) = 29.78, p < .001. Post hoc Wilcoxon signed-rank
tests with a Bonferroni correction (p < .017) showed that self-rated arousal was
significantly higher in the preferred (Mdn = 6) than relaxing music condition (Mdn =
3), Z=-4.08, p <.001, and silence condition (Mdn = 3), Z =-4.07, p <.001. There
was no significant difference between the relaxing music and silence condition, Z =
-.10, p = .92.

Self-rated pleasantness of the music differed between conditions, x*(2) =
20.06, p <.001. Post hoc Wilcoxon signed-rank tests with a Bonferroni correction (p
<.017) showed that there was no significant difference in self-rated pleasantness
between preferred (Mdn = 6) and relaxing music condition (Mdn =6), Z=-2.34, p
=.02. The self-rated pleasantness was significantly higher in the preferred music
condition than in the silence condition (Mdn =4), Z =-3.70, p < .001. The self-rated
pleasantness was also significantly higher in the relaxing music condition than in the

silence condition, Z = -3.19, p = .001.

Given that the relaxing musical excerpts are quite well known, and familiarity
influences the effects of music on cognition (Chew et al., 2016), | checked whether
familiarity differs between self-selected and relaxing music. A Wilcoxon signed-rank
test showed that participants were significantly more familiar with their preferred
music (Mdn = 7) than the relaxing music (Mdn = 5) chosen by experimenter, Z = -
3.52, p <.001.
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Model 1: The effects of condition, autistic traits, self-rated arousal, and

changes in EDA on working memory performance

Working memory performance was operationalised as memory span, which is
one value per condition for each participant. Hence, the maximal random effects
structure justified by design of Model 1 included only random intercepts of
participants. It is expected that participants would perform better on the Corsi Blocks
Test in the preferred music condition than in the other conditions, that autistic traits
would negatively predict working memory, and that self-rated arousal and a positive
change in EDA (increased EDA in comparison to baseline) would positively predict
working memory. The change in EDA was computed by calculating the difference in
the area under the graph between the experimental (first two minutes) and baseline
sessions. Moreover, | hypothesised that those with a positive change in EDA during
the preferred condition would predict better performance on the Corsi Block Test.
Therefore, Model 1 assessed the main effects of Condition, autistic traits, self-rated
arousal, change in EDA, and interaction between Condition and change in EDA while

controlling for potential influence of musical sophistication on working memory.

As shown in Table 5.1 and Figure 5.1, memory span did not differ between the
preferred music, relaxing music and silence conditions. Autistic traits, self-rated
arousal and changes in EDA did not significantly predict memory span. Furthermore,
there was no significant interaction between Condition and changes in EDA on
memory span. Repeating analyses with changes in EDA over the full length of each
experimental condition showed similar results: no significant relation of condition and

memory span, and no significant interactions.
Table 5.1

Model 1: memory span as a function of fixed effects and random effects. Model 1 =
memory span ~ (Condition * changes in EDA + autistic traits + self-rated arousal +

musical sophistication + random intercepts of participants).

Random effects: Variance
Participants (Intercept) .55
Residual .39
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Fixed effects:

(Intercept)
Autistic traits
Self-rated arousal

Condition

Musical
Sophistication
Changes in EDA

Condition-
Changes in
EDA

interaction

RZ

Relax Vs
Preferred
Silence Vs

Preferred

Relax Vs

Preferred

Silence Vs

Preferred

Estimate
6.01
.16
.02
.25
-.16

12

-12
18

.26

Marginal
.08

Standard error

(SE)
16
16
11
23

23

.16

.08
19

22

Conditional
.62

t value

*kk

37.82

97

21

1.06

-.69

12

-1.49
.96

1.22

Note. “p <.001

Figure 5.1

Memory span in preferred music, relaxing music, and silence condition
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Note. Red dot indicates mean memory span.

Model 2: The effects of condition, autistic traits, self-rated arousal, and

changes in EDA on cognitive flexibility performance

The operationalisation of cognitive flexibility is the total time spent on Part B
minus total time spent on Part A to control for motor speed (in milliseconds). |
hypothesised that participants would perform better on the Trail Making Test in the
preferred music condition than in the other conditions, that autistic traits would
negatively predict cognitive flexibility, and that self-rated arousal and a positive
change in EDA (increased EDA in comparison to baseline) would positively predict
performance on the Trail Making Test. Moreover, | hypothesised that a positive
change in EDA during the preferred condition would predict better performance on

the Trail Making Test. Model 2 assessed the main effects of Condition, autistic traits,
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change in EDA, and interaction between Condition and change in EDA while
controlling for potential influence of musical sophistication and motor speed on

cognitive flexibility (total time spent on Part B minus Part A).

As shown in Table 5.2 and Figure 5.2, the Trail Making Test performance did
not differ between the preferred music, relaxing music and silence conditions. Autistic
traits, self-rated arousal and changes in EDA did not significantly predict Trail
Making Test performance. Furthermore, there was no significant interaction between
Condition and changes in EDA on Trail Making Test performance. Repeating
analyses with changes in EDA over the full length of each experimental condition
also did not significantly predict Trail Making Test performance, and there was no

significant interaction with Condition.
Table 5.2

Model 2: Trail Making Test performance as a function of fixed effects and random
effects. Model 2 = Trail Making Test performance ~ (Condition * changes in EDA +
autistic traits + self-rated arousal + musical sophistication + random intercepts of

participants).

Random effects: Variance Correlation
Participants (Intercept) 4.21
Residual 16.79
Fixed effects: Estimate Standard error t value
(SE)
(Intercept) 4.32 46 9.45™"
Autistic traits -.60 A7 -1.26
Self-rated arousal -.19 .36 -53
Condition Relax Vs -.63 .76 -.83
Preferred
Silence Vs 29 75 .39
Preferred
Musical -40 46 -.87
Sophistication
Changes in EDA 37 27 1.38
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Differences in Preferred
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Note. ""p < .001
Figure 5.2

Trail Making Test performance in preferred music, relaxing music, and silence
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Note. Red dot indicates mean time

Model 3: The effects of condition, autistic traits, self-rated arousal and

changes in EDA on inhibition performance

Inhibition variables were the average reaction time on Go trials and
commission errors on the Go-NoGo Task. While reaction time is a continuous
variable, errors of commission are discrete outcomes that follow a binomial
distribution (0 = correct, 1 = incorrect). Hence, a generalised form of mixed-effects
model was constructed for the errors of commission. | hypothesised that participants
would make fewer errors and show longer reaction times on the Go-NoGo Task in the
preferred music condition than in the other conditions, autistic traits would negatively
predict inhibition, and self-rated arousal and a positive change in EDA (increased
EDA in comparison to baseline) would positively predict performance on the Go-
NoGo Task. Moreover, | hypothesised that those with a positive change in EDA
during the preferred condition would predict fewer errors and longer reaction times on
the Go-NoGo Task. Therefore, Model 3a and 3b assessed the main effects of
Condition, autistic traits, self-rated arousal, change in EDA, and interaction between
Condition and change in EDA while controlling for the potential influence of musical
sophistication on errors of commission and Go reaction time respectively. Gender was
also controlled for as sex differences in error rates and Go reaction time were

demonstrated previously (Bezdjian et al., 2009).

As shown in Table 5.3 and Figure 5.3, errors of commission did not differ
between the preferred music, relaxing music, and silence condition. Aultistic traits,
self-rated arousal and changes in EDA did not significantly predict errors of
commission. Furthermore, there was no significant interaction between Condition and
changes in EDA on errors of commission. Repeating analyses with changes in EDA
over the full length of each experimental condition also did not significantly predict
errors of commission, and no significant interaction with Condition. Model 3b yielded
similar results (see Table 5.4 and Figure 5.4); Go reaction time did not differ between
the preferred music, relaxing music and silence conditions. Aultistic traits, self-rated
arousal and changes in EDA did not significantly predict Go reaction time. There was
also no significant interaction between Condition and changes in EDA on Go reaction
time. Repeating analyses with changes in EDA over the full length of each
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experimental condition showed that EDA positively predicted Go reaction time
(standardised estimate = 6.05, SE = 2.76, t(50) = 2.19, p =.03, 95% CI =[.78,
11.38]), but no significant interaction with Condition. It is probable that EDA over the
period of experimental condition would be more accurate in predicting performance

in Go-NoGo Task since it was the longest task among the three.
Table 5.3

Model 3a: errors of commission as a function of fixed effects and random effects.
Model 3a = errors of commission ~ (Condition * changes in EDA + autistic traits +
self-rated arousal + musical sophistication + gender + random intercepts of

participants and trial type).

Random effects: Variance
Participants (Intercept) 31
Trial Type (Intercept) 1.45
Fixed effects: Estimate Standard error z value
(SE)
(Intercept) -4.51 .86 -5.25"
Autistic traits 12 12 1.02
Self-rated .05 07 74
arousal
Condition Relax vs 19 14 1.37
Preferred
Silence vs A2 14 .88
Preferred
Gender A1 27 40
OMSI -12 12 -.96
Changes in EDA .03 .05 .59
Condition- Relax vs -.07 A1 -.64
Changes in Preferred
EDA
interaction
Silence vs 24 13 1.83
Preferred
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Figure 5.3
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Table 5.4

Model 3b: Go reaction time (in milliseconds) as a function of fixed effects and
random effects. Model 3b = Go reaction time ~ (Condition * changes in EDA +
autistic traits + self-rated arousal + musical sophistication + gender + random

intercepts and slopes of participants and random intercepts of trial type).

94



Random effects: Variance Correlation
Participants (Intercept) 2486.4
Relax vs 1130.5 -.09
Preferred
Silence vs 381.6 -44 .56
Preferred
Trial Type (Intercept) 4552.5
Residual 8745.4
Fixed effects: Estimate Standard error t value
(SE)
(Intercept) 481.87 51.00 9.45"
Autistic traits -13.28 8.95 -1.48
Self-rated -5.21 3.02 -1.73
arousal
Condition Relax vs -.05 8.01 -.01
Preferred
Silence vs -5.56 5.98 -.93
Preferred
Gender 21.48 20.51 1.05
OMSI -5.63 8.98 -.63
Changes in EDA 2.90 2.47 1.17
Condition- Relax vs A48 6.90 .07
Changes in Preferred
EDA
interaction
Silence vs -2.30 5.82 -.40
Preferred
R? Marginal Conditional
.02 A7

Note. "p <.001

Figure 5.4

Go reaction time in preferred music, relaxing music, and silence condition
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Model 4: The effects of condition and autistic traits on EDA

I hypothesised that EDA would be higher in the preferred music condition in
comparison to relaxing music and silence condition and positively associated with
autistic traits and self-rated arousal. Moreover, | hypothesised that autistic traits
would positively influence EDA in the preferred music condition. Hence, Model 4
assessed the main effects of Condition, self-rated arousal and autistic traits, and
interaction between Condition and autistic traits while controlling for the potential
influence of temperature and humidity on EDA. Temperature and humidity were only
included in this model because of their potential influence on EDA, but not on EF

performance.

96



As shown in Table 5.5, EDA did not differ between the preferred music,

relaxing music and silence condition, and autistic traits and self-rated arousal did not

significantly predict EDA. Furthermore, there was no significant interaction between

Condition and autistic traits on EDA.

Table 5.5

Model 4: square root EDA as a function of fixed effects and random effects. Model 4

= sqrt EDA ~ (Condition * autistic traits + self-rated arousal + temperature +

humidity + random intercepts and slopes of participants).

Random effects: Variance Correlation
Participants (Intercept) .30
Relax vs .08 -12
Preferred
Silence vs .09 -.16 61
Preferred
Residual .01
Fixed effects: Estimate Standard error t value
(SE)
(Intercept) 1.65 10 15.85™"
Autistic traits -.05 A1 -.46
Self-rated .02 .04 .65
arousal
Condition Relax vs -.01 .08 -11
Preferred
Silence vs -.03 .08 -42
Preferred
Temperature -.02 A0 -.19
Humidity .04 .07 .53
Condition- Relax vs .01 .05 22
Autistic traits Preferred
interaction
Silence vs -.05 .06 -.82
Preferred
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R? Marginal Conditional
.02 97

Note. ""p <.001

Discussion

The current study aimed to examine the effects of listening to preferred music
on EF. Against my hypotheses, listening to preferred music had no influence on
working memory, cognitive flexibility, and inhibition task performance. Listening to
preferred music also had no significant effects on arousal as measured by EDA in
comparison to relaxing music and silence. EDA did not significantly predict working
memory, cognitive flexibility, and inhibition performance. Moreover, both autistic
traits and self-rated arousal did not significantly predict EDA and performance in each
EF domain. Overall, | found no evidence that listening to preferred music would
enhance performance on EF tasks which was accompanied by a lack of elevated

autonomic responses.

The current findings are in line with research that showed no influence of
music listening on EF, specifically on working memory (Giroux et al., 2020;
Schellenberg et al., 2007). Moreover, the current study extended these findings to
inhibition and cognitive flexibility. However, the current findings are in conflict with
findings that showed positive effects of music listening on various cognitive tasks
(Angel et al., 2010; Chraif et al., 2014; Schellenberg et al., 2007), and specifically on
working memory (Chew et al., 2016; Mammarella et al., 2007). With respect to
cognitive flexibility and inhibition, while there is a paucity of research examining the
effects of short-term music listening/background music, long-term regular music
listening had been shown to have no effects on the EF of stroke patients (Sarkamo et
al., 2008). The current findings suggest that listening to self-selected music does not
positively nor negatively affect EF performance. One possible explanation for the
inconsistency is the differences in sociocultural background between the current
(Asian) and previous (mostly Western) studies that might limit the generalization of
the effects of music on cognition. In an attempt to replicate the impact of music on
working memory in a Rwandan sample, no positive effects were found (Giroux et al.,
2020). The authors suggested that since music cognition is greatly influenced by

culture, the effects of music might differ across cultures. There are notable cross-
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cultural differences in emotional reactions to music, psychological mechanisms (i.e.,
how music arouses an emotion) and function of music. For instance, in collectivistic
cultures music more often has a social function (e.g., to entertain, dance and feel good
collectively) than in individualistic cultures (Boer & Fischer, 2012). Emotions
aroused by music, such as nostalgia, transcendence and tenderness are reported more
frequently in collectivistic cultures than individualistic cultures (Juslin et al., 2016). It
should, however, be noted that the collectivism-individualism construct is not
dichotomous and heavily critiqued for being overly simplistic in its operationalisation
(Fiske, 2002; Oyserman et al., 2002). That said, these findings do highlight potential
cultural differences in music cognition. Hence, although the mechanism of music on
cognitive performance is not exactly clear yet, it is likely the subtle cultural
differences in music cognition influence the impact of music on cognitive
performance. Thus, | conjecture this might partly explain my findings in a Malaysian
sample, and the current findings corroborate that the effects of music listening on

cognitive performance may not be universal.

Ceiling effects might be an alternate explanation for the null effects of
listening to preferred music on EF performance given that ceiling effects in EF tasks
is commonly observed among university students and in the general population
(Chew et al., 2016; Friedman et al., 2016; Patrick et al., 2008). However, the
performance in EF tasks did not cluster around the peak performance (see Figure 5.1-
5.4), hence ceiling effects is unlikely to account for the current findings. Instead,
clustering of performance around the same area (see Figure 5.1-5.4) indicates possible
sampling bias, especially for Trail Making Test performance and Go reaction time.
This suggests that participants showed similar level of executive functioning and
might explain the null findings. Moreover, although | expected elevated autistic traits
to be associated with poorer EF performance, no such association was found. The
relationship between autistic traits and EF was found in a subthreshold population
(higher-than-typical autistic traits; Christ et al., 2010), but not in a general population
(Kunihira et al., 2006). A subthreshold population is likely to be more phenotypically
similar to the autistic population than a general population sample (Constantino &
Todd, 2005). Furthermore, the variance of the AQ scores in the small general
population sample was low. This could perhaps also explain why autistic traits are not

associated with increased EDA even though previous literature reported that an
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autistic population displayed elevated EDA in response to preferred music compared
to a neurotypical population (Hillier et al., 2016). Therefore, the spread of both AQ
scores and EF task performance might have been too low in my study to find a

relationship.

Contrary to the findings that EDA are elevated in response to self-selected or
preferred music (Rickard, 2004; Salimpoor et al., 2009), EDA did not differ across the
three conditions in the current study. However, participants did rate their arousal to be
significantly higher in the preferred music condition than other conditions. The
mismatch in EDA and self-rated arousal also contradicts previous findings suggesting
a strong correlation (Gomez & Danuser, 2004; Sato et al., 2020). Differences in the
measurement of EDA, such as duration of measurement, recording site and treatment
of data, could perhaps explain the inconsistency. However, the decision of recording
site and treatment of data (e.g., selecting two minutes of readings) was based on
recommendations and previous studies (Rickard, 2004; Society for
Psychophysiological Research Ad Hoc Committee on Electrodermal Measures et al.,
2012). Thus, I argue that the impact of procedural differences is likely to be minimal.
Instead, it seems more likely that the type of music that participants listen to might
explain the discrepant findings. In the current study participants were explicitly asked
to select music that they prefer to listen to while working/studying. However, when
elevated physiological response was observed, it was always accompanied by
emotionally powerful or intensely pleasurable music (Rickard, 2004; Salimpoor et al.,
2009). Moreover, there are indications that people play music in the background with
the goal to simply avoid silence while carrying out other tasks (Lonsdale & North,
2011). This suggests that people might not choose music that would influence their
performance or distract them from the primary task. Hence, the current results imply
that the impact of music on EDA is dependent upon their functions (i.e., to use as
background vs to experience pleasure), and music to be used as background while
working/studying might not lead to observable changes in EDA.

While I hypothesised that elevated self-rated arousal might predict
performance on EF tasks, this was not found. Previous findings were mixed, with
some demonstrating the mediating role of arousal (Jones et al., 2006), increased
arousal without enhanced cognitive performance (Hirokawa, 2004), or enhanced

cognitive performance without increased arousal (Smith et al., 2010). Therefore, my
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findings suggest that self-rated arousal might not be related to behavioural
performance. On the other hand, to the best of my knowledge, this is the first study to
examine the mediating role of objective arousal as indicated by EDA in the
relationship between music listening and cognitive performance. In this regard, the
current results also contradict the hypothesis; EDA does not predict EF performance
across conditions. Although changes in EDA over the full length of experimental
conditions did positively predict Go reaction time, which suggests better inhibitory
control is associated with elevated EDA, the results should be interpreted carefully.
EDA is extremely sensitive to movements and environmental changes, and substantial
artefacts might be introduced when EDA is measured over an extended period. The
artefacts might also explain the lack of relationship between EF performance and
EDA. Moreover, while the EDA reading is standardised by time (i.e., divide by time
spent in each session) before converting to changes in EDA, baseline measurement is
fixed to two minutes in comparison to experimental sessions that lasted for more than
ten minutes. Hence, the results based on full-length EDA might not be reliable and
should be further investigated. Overall, my findings combining both subjective and
objective arousal do not provide any conclusive evidence to corroborate or reject the
role of arousal in mediating music listening and cognitive performance given that
there is a lack of relationship between music and EF in the first place, and future

studies are warranted.

The dissociation between a direct and indirect effect of music listening on EF
is worth mentioning because they would likely rely on a different mechanism. The
current findings run counter to the speculated causal mechanism of music listening on
EF via physiological arousal. Given the overlap in brain regions regulating
physiological arousal and cognitive functions (Mak et al., 2017; Raichle, 2015),
stimuli that increase physiological arousal would activate these shared brain regions,
and the activation of these shared brain regions would in turn lead to better cognitive
functions. However, the current results also do not support a direct effect of music
listening on EF. That said, given that the current findings are based on music that
people listen to while working/studying, these potential mechanisms are worth
exploring with other types of self-selected music (e.g., intensely pleasurable music) in

the future.
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EDA provides information exclusively about the sympathetic activity that
governs the fight-or-flight responses (Braithwaite et al., 2013), whereas other
indicators of arousal that reflect both sympathetic and parasympathetic activity (e.g.,
heart rate) may complement EDA in future investigations. Heart rate generally
increases in response to music (Harrer & Harrer, 1977), and is greater when exposed
to excitative music than relaxing music (Iwanaga & Moroki, 1999). Furthermore,
there is some evidence of reduced parasympathetic activity (as indicated by cardiac
function) among ASC, and this reduced parasympathetic activity appears to be related
to social symptoms of ASC (Arora et al., 2021). Therefore, multiple indices of arousal
should be examined simultaneously in relation to autistic traits and music in future
studies to better understand whether arousal is associated with autistic traits and

music.

Mixed effects modeling used in the current study took variability within and
between participants and conditions simultaneously into account (Brown, 2021). This
cannot be achieved through conventional approaches such as ANOVAs and
regression which were generally used in the past studies. The conflicting findings on
the effects of listening to preferred music on EDA and EF performance, hence, could
possibly stem from the difference in statistical approach. Considering the strengths of
mixed effects modelling over the conventional approaches, | believe the findings
corroborate the existing evidence that demonstrated no effects of music listening on
cognition (Giroux et al., 2020; Jancke & Sandmann, 2010; Steele et al., 1997).
Nonetheless, replication of the findings with a larger sample size is warranted. In
addition, conditional R-squared (i.e., proportion of variance explained by both fixed
and random effects) are higher than marginally R-squared (i.e., proportion of variance
explained by the fixed effects) across all models, suggesting individual differences in
EF performance and EDA explained most of the variance. This further substantiates
the use of mixed effects modeling to account for individual differences in EF
performance and EDA to provide a more nuanced view on the effect of listening to

music.

The current findings should also be viewed in light of potential limitations.
The musical excerpts selected by participants were diverse, and therefore limit my
ability to control for the basic music elements such as tempo and mode that have been

shown to affect mood and arousal, and subsequently cognitive performance (Husain et
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al., 2002). However, the benefits of conducting a more ecologically valid experiment
likely outweigh the potential confounding effects. Moreover, there are consistent
indications that self-selected or preferred music perform similarly in eliciting arousal
and enhancing cognitive performance regardless of tempo, genres and the presence or
absence of lyrics (Davis & Thaut, 1989; Hirokawa, 2004; Perham & Withey, 2012).

Hence, | believe the use of self-selected music was well justified.

In sum, the current study found no effects of listening to preferred music on
EF performance and EDA. Both self-rated arousal and EDA were not associated with
task performance. Autistic traits did not predict EF performance nor EDA. Therefore,
in line with the view that music cognition differs across cultures, future studies should
examine the impact of music on cognitive performance from the cultural perspectives

to shed light on why music might function differently across cultures.

103



Chapter 6: Musical Sophistication and its Relationship with Executive

Functions, Autistic Traits and Quality of Life

Musical training likely has a positive impact on executive functions (EF) and quality
of life. While enhanced musical ability has been observed in the autistic population,
research suggests that autistic traits are associated with worse EF and quality of life in
both the general and autistic populations. It remains unclear whether autistic traits
within the general population are related to better musical abilities, and how that
might interact with their EF and quality of life. The current study aimed to examine
musical sophistication and its relationship with EF, quality of life and autistic traits.
One hundred seventy (129 females; Mage = 20.5) university students completed the
Goldsmiths Musical Sophistication Index, the Adult Executive Functioning Inventory,
the Autism Spectrum Quotient, and the Pediatric Quality of Life Inventory General
Core Scales for adults. While no significant association was found between musical
sophistication and autistic traits, musical sophistication was associated with fewer EF
difficulties. Moreover, participants with more autistic traits and more EF difficulties
had a lower quality of life. These effects remained significant after controlling for key
demographic variables. EF mediated the effect of musical sophistication on quality of
life; greater musical sophistication was related to better EF and, in turn, better quality
of life. When looking into the subscales of the Gold-MSI, having fewer EF difficulties
was linked to better emotions, musical training, perceptual, and singing abilities. The
results offer insights into how musical sophistication is related to EF, autistic traits

and quality of life.

Based on:
Chee, Z. J., Leung, Y., de Vries, M. (accepted for publication). Musical Sophistication
and its Relationship with Executive Functions, Autistic Traits and Quality of Life.

Psychomusicology: Music, Mind, and Brain
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Musical sophistication reflects the idea that musical abilities are multifaceted.
Extensive research had mostly defined musical abilities by the duration/number of
years of formal musical training or education, ignoring other traits or activities that do
not overtly contribute to musical ability (Levitin, 2012; Ollen, 2006). Although past
studies have looked into musical training and its relation to cognitive functions such
as executive function (EF) and quality of life (Seinfeld et al., 2013; Shen et al., 2019),
very few investigated how general musical sophistication and facets apart from
musical training are related to EF and quality of life.

EF and quality of life are also related to autistic traits. More autistic traits are
associated with greater difficulties in EF and lower quality of life (Christ et al., 2010;
Pisula et al., 2015), but are also linked to better musical abilities (e.g., pitch
identification; Dohn et al., 2012). Given the potential relation of autistic traits with
musical abilities, EF and quality of life, this study aims to investigate how autistic
traits might play a role in the relationship between musical sophistication, EF and

quality of life.

Musical sophistication

The concept of musical sophistication is described in Chapter 1. The current
chapter used the Gold-MSI to quantify musical sophistication because it encompasses
as many dimensions of musical ability as possible. Importantly, the 5+1 factor
structure of the Gold-MSI has been replicated (Baker et al., 2020; Lin et al., 2021),

supporting its reliability in measuring musical sophistication.

EF and musical sophistication

EF refers to a set of neurocognitive functions that guide our behaviour in an
ever-changing environment (Jurado & Rosselli, 2007). There are three core EF
domains: inhibition, cognitive flexibility (also known as set-shifting or mental
flexibility) and working memory (Diamond, 2013; Miyake et al., 2000). Although
there is a lack of high-quality studies (Bowmer et al., 2018; Dumont et al., 2017),
musical training has been suggested to have a positive impact on these core domains
of EF (Benz et al., 2016; Jaschke et al., 2018; Roden et al., 2014; Shen et al., 2019),
However, little is known about whether general musical sophistication, apart from
formal musical training, may impose a similar impact. Given that some evidence

supports improvements in EF following musical training (Bugos et al., 2007), the

105



musical training subscale of the Gold-MSI is likely to be associated with EF, but the

relation of other subscales with EF remains unclear.

There are some indications that the subscales of the Gold-MSI might be
associated with EF. A study among university students found that all but one subscale
(i.e., singing abilities) of the Gold-MSI were positively associated with working
memory, and three of the subscales were positively correlated with inhibition (Okada
& Slevc, 2018). Moreover, it was argued that working memory plays a significant role
in contributing to musical sophistication beyond musical abilities (Baker et al., 2020).
Cognitive flexibility, however, was not related to any of the subscales and general
musical sophistication. In contrast, a positive relationship between cognitive
flexibility and perceptual abilities was observed among older adults with mild
cognitive impairment (Petrovsky et al., 2021). While there was a slight inconsistency
across studies, the findings overall suggest a positive relationship between musical
sophistication and objective measures (i.e., neuropsychological tasks) of EF.
However, it remains unclear whether the self-report musical sophistication would be
associated with subjective EF (i.e., self-report). Therefore, the current study aims to
examine the relationship between musical sophistication as measured by the Gold-
MSI and subjective EF.

EF, quality of life and musical sophistication

EF is suggested to be crucial for one’s quality of life (Diamond, 2013).
Quality of life is commonly referred to as a multidimensional construct that reflects
the subjective perception of one’s well-being in social, physical, spiritual, emotional,
and cognitive domains (Gill et al., 2013). Young adults with ASC were found to have
difficulties in EF, leading to lower quality of life (Dijkhuis et al., 2017). A similar
relationship between EF and quality of life is observed in people with other
conditions, such as attention-deficit/hyperactivity disorder, epilepsy and
schizophrenia (Brown & Landgraf, 2010; Sherman et al., 2006; Tyson et al., 2008). It
is possible that musical sophistication, mediated by EF, influences quality of life.

Moreover, musical sophistication may influence quality of life directly. A
randomised-controlled study suggested that music listening improves quality of life,
and regular musical activities (e.g., singing) have a positive impact on EF in people

with dementia (Sarkdmo et al., 2014). Similarly, music therapy appears to be effective
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in improving the quality of life of people with severe and enduring mental disorders
or terminal cancer (Grocke et al., 2009; Hilliard, 2003). Children and young people
also reported benefits of singing on physical, emotional, social, and spiritual domains
that are reflected in quality of life (Ashley, 2002; Clift & Hancox, 2001). Recent
meta-analytic findings suggest moderate-quality evidence for a positive influence of
music interventions on quality of life (McCrary et al., 2022). In comparison to other
leisure activities (e.g., books, films, and sports), music was rated as particularly
important in the daily life of adolescents and young adults. The importance of music
as compared to other leisure activities possibly stems from the versatility of music in
serving an individual’s needs such as mood management and social interaction
(Lonsdale & North, 2011). Given that people generally enjoy music, certain subscales
of the Gold-MSI (e.g., active engagement) might be positively associated with quality
of life. However, there is a paucity of research investigating the association between
musical sophistication and quality of life explicitly. This study hopes to address the
gap in the literature by examining the relationship between musical sophistication and
quality of life, and the possible mediating effect of EF.

EF, quality of life, autistic traits and musical sophistication

Musical sophistication is associated with better EF and higher quality of life.
However, in autistic individuals, the picture becomes more complicated. Autistic
traits are associated with difficulties in EF and lower quality of life (Christ et al.,
2010; Pisula et al., 2015), but with enhanced musical abilities (Bonnel et al., 2010;
Dohn et al., 2012). A large population-based study reported that children with special
abilities, such as music abilities, had more autistic traits than those who without
special abilities (Vital et al., 2009). Specifically, autistic traits seem to be positively
related to pitch discrimination performance (Dohn et al., 2012; Stewart et al., 2018).
Thus, autistic traits may be correlated with the perceptual abilities subscale of the
Gold-MSI. While music sophistication, EF and quality of life all seem positively
correlated, autistic traits are likely to be positively correlated with perceptual abilities,
but negatively correlated with EF and quality of life. Hence, a different pattern of
relationship might be observed among musical sophistication, or more specifically,

perceptual abilities, EF and quality of life when autistic traits are considered.
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Despite some indications of better pitch identification in autism, the exact link
between enhanced musical abilities and autistic traits remains unclear, partly because
of the heterogeneity within ASC (Ronald et al., 2006). For example, among the
autistic individuals investigated, only a few demonstrated better pitch performance
compared to age- and 1Q-matched controls (Heaton et al., 2008). Although the autistic
population might display enhanced musical abilities compared to their typically
developing counterparts (Applebaum et al., 1979; Heaton, 2003; Heaton et al., 2001),
it is unclear whether the autistic traits within the general population are also related to
the broader construct of musical sophistication. General musical sophistication as
operationalised by the Gold-MSI includes many items relating to musical training and
singing abilities (Millensiefen et al., 2014), hence autistic traits might not be
associated with general musical sophistication. Nevertheless, given that perceptual
abilities also contribute to general musical sophistication, the current study aims to
examine if autistic traits within the general population are positively related to

musical sophistication, and negatively related to EF and quality of life.

The current study

With the current online survey study, 1 first explored the relation between
musical sophistication, subjective EF, autistic traits and quality of life by fitting
several statistical models to the data. Given the indications that socioeconomic status
is associated with musical sophistication, EF and quality of life (Baker et al., 2020;
Last et al., 2018; Ross et al., 2012; Thumboo et al., 2003), | also examined the
relationship among musical sophistication, EF and quality of life while controlling for
socioeconomic status. | then examined the association of the subscales of the Gold-
MSI with EF and autistic traits. | expected that (1) EF would be positively associated
with overall quality of life and musical sophistication, and negatively associated with
autistic traits, and (2) quality of life would be positively associated with musical
sophistication with EF mediating the relationship and negatively associated with
autistic traits. (3) Musical training, singing abilities, active engagement and emotions
would be positively associated with EF (Okada & Slevc, 2018), and (4) perceptual
abilities would be associated with both autistic traits and EF. The direction of the
association between perceptual abilities and EF is expected to be positive (Okada &
Slevc, 2018; Petrovsky et al., 2021). However, the direction of the association

between perceptual abilities and autistic traits is unclear; it could be positive, based on
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findings that perceptual abilities are positively associated with autistic traits (Dohn et
al., 2012), or negative, based on findings that showed a negative association between
autistic traits and EF (Christ et al., 2010).

Method
Participants

This study was approved by the Science and Engineering Research Ethics
Committee of the University of Nottingham Malaysia (Ethics Identification Number:
CZJ060620), and the data were collected between August and November 2020. The
participants were recruited through the faculty’s study recruitment email and
Facebook survey groups in Malaysia. A total of 218 responses were collected, and
170 (129 females, 36 males, and 5 unknown) were complete responses. The
participants who completed the questionnaire were aged between 17 and 44 (M =
20.49, SD = 3.16). The participants were primarily university students and the sample
consisted of 56.5% Chinese Malaysians, 11.2% Malay, 10.0% Indian Malaysians, and
22.4% others.

Measures

Autistic Traits. The Autism Spectrum Quotient was used to measure autism

traits. Refer to Materials and Results section of Chapter 3 for details.

Musical Sophistication. The Goldsmiths Musical Sophistication Index (Gold-
MSI; see Appendix IV for the full questionnaire) was used to measure musical
sophistication (Mdillensiefen et al., 2014). The Gold-MSI consists of 31 items that
participants give a rating from 1 (completely disagree) to 7 (completely agree), and
there are 7 items where participants have to indicate the category they belong to (e.g.,
“I have attended 0/ 1/2/3/4-6/7-10/11 or more live music events as an audience
member in the past twelve months™). Five subscales (i.e., active engagement,
perceptual abilities, musical training, singing abilities, emotions) and one general
musical sophistication factor were identified in the original paper (Mullensiefen et al.,
2014). The validity of the Gold-MSI was supported by its correlations with the tests
of musical abilities such as Advanced Measures of Musical Audiation (AMMA) and
different listening tests (i.e., melodic memory and beat perception). A higher score
denotes that a person is more musically sophisticated. The general musical

sophistication consisting of 18 items was found to have good internal reliability, «
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= .88, and the internal reliability of the subscales were found to range from acceptable

to good, o =.71 - .85.

Executive Function. The Adult Executive Functioning Inventory (ADEXI,
see Appendix V for the full questionnaire) was used to measure EF difficulties in two
domains: working memory and inhibitory control (Holst & Thorell, 2018). It consists
of 14 items in total, and one has to rate from 1 (definitely not true) to 5 (definitely
true). Significant correlations were found between the ADEXI and Barkley’s Deficits
in Executive Function Scale (89 items) on the subscales that aimed to measure similar
constructs, supporting its convergent validity (Holst & Thorell, 2018). A higher score
indicates more problems with EF. The test-retest reliability was found to be adequate
(r =.68 - .72; Holst & Thorell, 2018) and the internal reliability of the ADEXI was

good in the current study, « = .82.

Quiality of Life. Quality of life was measured using the Pediatric Quality of
Life Inventory™ (PedsQL™; Varni et al., 2001). The self-report version of PedsQL
4.0 Generic Core Scales for adults was used (see Appendix VI for the full
questionnaire), which consists of four dimensions: Physical Functioning, Emotional
Functioning, Social Functioning and Work/Studies Functioning. There are 23 items in
total and the participants are required to rate how much each item (e.g., “Taking a
bath or shower by him or herself”) was a problem for them in the past month on a
scale of 0 (never) to 4 (almost always). All items are reversely scored and linearly
transformed such that a rating of 0,1,2,3 and 4 transforms into 100, 75, 50, 25 and 0
respectively. | used the global score, where a higher score indicates a better overall
quality of life. The internal reliability of the PedsQL was found to be good in the

current study, o =.89.

Procedure

An online survey was created on Qualtrics. After obtaining consent from
participants, participants were asked to fill out the Gold-MSI, AQ-28, ADEXI and
PedsQL that were presented in random order. Participants were also asked to provide
some basic demographic information. Parents’ highest completed education level,
estimated total family income, and own highest completed education level were used
separately to estimate socioeconomic status considering the findings that show that

they should not be combined to represent a latent dimension (Geyer et al., 2006).
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Participants could enter a lucky draw for compensation. The survey took

approximately 25 minutes to complete.

Results

The data were analysed using SPSS 25.0 and AMOS 25.0. Prior to the path
analysis, | conducted a correlation analysis to examine the basic relationship between
the variables and check whether there were issues of multicollinearity (r > .85). The
correlation among the variables can be found in Table 6.1. A significant positive
correlation was found between musical sophistication and quality of life, r(168) = .21,
p =.007. Negative correlations were found between musical sophistication and EF
difficulties, r(168) = -.23, p = .002, EF difficulties and quality of life, r(168) = -.48, p
<.001, and quality of life and autistic traits, r(168) = -.30, p < .001. No potential issue
of multicollinearity was identified among these variables.

Table 6.1

Correlation among the variables, N = 170

Musical EF Quality of Autistic Traits
Sophistication  Difficulties Life
Musical 1.00
Sophistication
EF Difficulties -.23" 1.00
Quality of Life .21™ -.48" 1.00
Adutistic Traits ~ -.13 .07 -.30" 1.00

Note. “p < .01.

Path analyses

Path analysis was conducted as it could handle multiple dependent variables
which, in turn, allows the construction and comparison of more complicated and
realistic models (Streiner, 2005). The data met the assumption of univariate normality
(skewness < 3 and kurtosis < 10; Weston & Gore, 2006) and multivariate normality
(kurtosis < 5; Byrne, 2013). The fit of the models was assessed with »? and its
associated p-value, and models that were below a significant level would be rejected
or deemed not fitting. The Root Mean Square Error of Approximation (RMSEA),

Comparative Fit Index (CFl), and Tucker-Lewis Index (TLI) were used in addition to
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22 to assess the fit of the model because they are relatively independent of sample size
(Schermelleh-Engel et al., 2003). A model is considered a ‘good’ fit by a value of .95
or above for TLI and CFl, and .06 or below for RMSEA (Hu & Bentler, 1999).
Akaike Information Criterion (AIC) was also taken into consideration when
comparing models where a smaller value indicates a better fit (Schermelleh-Engel et
al., 2003). Three models were compared to test my hypotheses. The indirect effects
were assessed using a bootstrap sample value of 1000, and 95% bias-corrected
confidence intervals (CIs).

The first “simple” Model (Figure 6.1) tested the effects of musical
sophistication, EF difficulties and autistic traits on quality of life. This simple model
included the correlation between musical sophistication and EF difficulties because
they are significantly correlated. There was a significant direct effect of autistic traits
and EF difficulties on quality of life, but musical sophistication had no significant
direct effect on quality of life (see Figure 6.1). The model fit the data adequately, y*=
3.01,df=2,p=.22, CFI =.985, TLI =.956, RMSEA = .055 (90% confidence
interval = .000-.172), AIC = 19.013.

Model 2 builds on model 1 by including mediation paths, based on theoretical
constructs. The added paths were from autistic traits to EF difficulties and from
musical sophistication to EF difficulties. Model 2 with respective standardised path
coefficients can be found in Figure 6.2. In addition to the significant paths found in
model 1, a significant direct effect of musical sophistication on EF difficulties was
found. The model has a mediocre fit, y>= 2.65, df = 1, p = .10, CFl = .976, TLI
=.856, RMSEA = .099 (90% confidence interval = .000-.252), AIC = 20.652.

Finally, a trimmed model (Model 3) with the non-significant paths of Model 2
(from musical sophistication to quality of life and from autistic traits to EF
difficulties) removed was tested. Model 3 with respective standardised path
coefficients can be found in Figure 6.3. The model fit the data well, y> = 4.18, df = 3,
p =.24, CFl =.983, TLI =.966, RMSEA = .048 (90% confidence interval
=.000-.146), AIC = 18.182.
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Figure 6.1

Model 1: The direct effects of musical sophistication, autistic traits and EF difficulties

on quality of life, and their respective standardised path coefficients.
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Note. “p <.01. “"p <.001

113



Figure 6.2

Model 2: The direct and indirect effects of musical sophistication, autistic traits and

EF difficulties on quality of life, and their respective standardised path coefficients.
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114



Figure 6.3

Model 3: The direct effects of musical sophistication on EF difficulties and, autistic
traits and EF difficulties on quality of life, and their respective standardised path

coefficients.
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The summary of each model’s fit indices can be found in Table 6.2. Given that
models 1 and 3 are nested models of model 2, chi-square difference tests were
conducted. The test indicated that all three models fitted equally well statistically. All
models also explained a similar percentage of variance in quality of life (see Table
6.2). Upon inspection of the fit indices, model 3 fitted better than model 1 and model

2. Therefore, model 3 was selected as the final model for interpretation.
Table 6.2

Model comparisons

Model
1 2 3
Model fit measures
P 3.01 2.65 4.18
df 2 1 3
p 22 10 24
CFI 985 976 .983
TLI 956 .856 .966
.055 .099 .048
RMSEA (90% CI) (.000-.172) (.000-.252) (.000-.146)
AIC 19.013 20.652 18.182
x? difference test
% dif Model 1 - .36 1.17
Model 2 1.53
df dif Model 1 - 1 1
Model 2 2
p Model 1 - .55 .28
Model 2 A7
Explanatory Power (R?)
Quiality of Life .29 .30 .29

The variables that had a significant direct effect on quality of life were autistic
traits (f = -.27, p <.001) and EF difficulties (5 = -.47, p <.001). There was a

significant direct effect of general musical sophistication (f = -.23, p =.002) on EF
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difficulties. All significant effects remained after controlling for the key demographic

variables age, gender, ethnicity and socioeconomic status.

Although there was no significant direct effect of general musical
sophistication on quality of life, it was found that there was a significant indirect
effect of general musical sophistication on quality of life (5 = .11, p = .003). This
suggested that EF mediates the relationship between general musical sophistication

and quality of life.

Subscales of musical sophistication

| tested possible associations of the Gold-MSI subscales with autistic traits (as
indicated by total AQ score) and EF difficulties (as indicated by the total ADEXI
score; see Table 6.3) using correlations. Autistic traits were negatively correlated with
perceptual abilities, r(168) = -.20, p =.009, and singing abilities, r(168) = -.23, p
=.00. EF difficulties were significantly correlated with all the Gold-MSI subscales
except active engagement. Given that ADEXI comprises two domains of EF (i.e.,
working memory and inhibition), | additionally tested how they are related to the
Gold-MSI subscales. Similar patterns to the total ADEXI were observed on the
working memory domain such that it was significantly correlated with all the Gold-
MSI subscales except active engagement, whereas inhibition difficulties were
negatively correlated with perceptual abilities only (see Table 6.3).

Table 6.3

Correlation among the Gold-MSI subscales, total score on AQ-28 and ADEXI
subscales, N = 170

Autistic Traits EF Working Inhibition
Difficulties Memory Difficulties
Difficulties

Active -.07 .04 .03 .05
Engagement

Perceptual -.20™ -317 -32" -19"
Abilities

Musical -.003 =277 -.30™" -12
Training
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*%x *%

Singing -.23 -.20 -.26 -.02
Abilities
Emotions -.10 -.15" -.15" -.10

*k*k

Note. “p <.05. p <.01. ""p < .001.

Discussion

The current study examined the relationship between musical sophistication,
autistic traits, EF and quality of life among a general, mainly student, population. As
predicted, more EF difficulties were associated with lower quality of life after
controlling for key demographic variables. This is consistent with findings showing
that lower quality of life is related to greater EF problems among populations with
affective disorders and ASC (Cotrena et al., 2016; de Vries & Geurts, 2015; Dijkhuis
etal., 2017; Mackala et al., 2014). Hence, this broadens the findings from clinical
samples, where the association between EF and quality of life is rather well-studied,
to a mostly university student sample. Although the relationship between EF and
quality of life in university students was not studied before, previous studies on
university students did show that lower academic performance was associated with
more EF difficulties (Ramos-Galarza et al., 2020), and shifting (a domain of EF) had
a direct effect on reading comprehension (Georgiou & Das, 2018). Moreover, more
EF difficulties were associated with increased anxiety and maladaptive coping
strategies (O’Rourke et al., 2020). Given that EFs play a significant role in predicting
the academic performance and psychological health of university students, the current
findings that showed that more EF difficulties are associated with lower quality of life

among the student population align with the literature.

A negative association between autistic traits and quality of life was found, in
line with previous findings among university students (Pisula et al., 2015; Reed et al.,
2016), and children with ASC (de Vries & Geurts, 2015). However, previous studies
among university students also noted that it might not be autistic traits per se that
contribute to a lower quality of life (Pisula et al., 2015; Reed et al., 2016). Instead,
difficulties commonly associated with more autistic traits mediated the relationship
between autistic traits and quality of life. For example, depression, loneliness and
social anxiety were commonly found to correlate positively with autistic traits (Reed
et al., 2016; White et al., 2011), and the latter two were demonstrated to mediate the
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effect of autistic traits on quality of life (Reed et al., 2016). Additionally, maladaptive
coping strategies might be another potential mediator of this relationship (Pisula et al.,
2015). The current study showed that self-report EF difficulties did not mediate the
relationship (see Figure 6.2). However, | did not measure the previously reported
mediators, yet these might have played similar roles in the current data given the

similarity in the characteristics of the sample.

There was a negative association between general musical sophistication and
EF difficulties as expected, thus supporting studies that demonstrated better EF
among musicians in comparison to low-activity musicians and non-musicians (Meyer
et al., 2020; Strong & Mast, 2019). Given that musical training is the major subscale
contributing to musical sophistication, it corroborates findings demonstrating positive
impacts on EF through musical training (Bugos et al., 2007; Degé et al., 2011;
Moradzadeh et al., 2015; Shen et al., 2019). That said, while the current findings
provide support a positive association between musical training and EF, whether it is
causal should be explicitly studied in future research considering the inconclusive
evidence (Bowmer et al., 2018; Dumont et al., 2017). Moreover, although general
musical sophistication is drawn from all five subscales (Millensiefen et al., 2014),
most of the items still reflect activities that are related to musical performance/training
(Baker et al., 2020). This means that the degree of association of other non-
performative musical skills with EF cannot be clarified by studying general musical
sophistication only. Furthermore, while the factor structure of the Gold-MSI was
replicated (Baker et al., 2020; Lin et al., 2021), the distinction between general
musical sophistication and its subscales, especially singing abilities and musical
training, might not be meaningful given that they are potentially highly correlated (see
Supplementary Materials Table 6.1). Hence, the current findings support a positive
relationship between musical sophistication and EF, but also suggest that an in-depth
investigation of subdomains of musical sophistication using both self-report and
objective measures would be more informative in teasing apart how other non-

performative musical skills are associated with EF.

The current study found negative correlations between general EF difficulties
and all but one subscale of the Gold-MSI. This is largely consistent with the findings
among university students and older adults with MCI (Okada & Slevc, 2018;
Petrovsky et al., 2021). While active engagement was found to be related to working
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memory and inhibition (Okada & Slevc, 2018), the current findings found no
association with either domain, and general EF. Furthermore, while singing abilities
did not correlate with any neuropsychological tests among older adults with MCI
(Petrovsky et al., 2021), there was a significant correlation between singing abilities
and self-report EF difficulties in the current study. The current findings also highlight
that non-performative musical skills, such as perceptual abilities, are associated with
EF. However, given the nature of the study design, no causal relationship could be
inferred. Hence this should be clarified in future research. That said, the current study
extends previous findings by showing that the subdomains of music sophistication are

associated with self-report EF difficulties.

My data revealed that working memory was associated with all but one
subscale (i.e., active engagement) of the Gold-MSI, which corresponds to past
evidence suggesting the involvement of working memory in musical abilities (Dalla
Bellaetal., 2011; Jerde et al., 2011; Slevc et al., 2016), and musicians are consistently
found to outperform non-musicians on working memory tests (D’Souza et al., 2018;
Meyer et al., 2020). Therefore, it is not surprising to observe that greater perceptual
abilities, singing abilities, musical training and musical emotions are associated with
fewer working memory difficulties. Inhibition, in contrast, was only associated with
perceptual abilities. While this appears to be in line with the significant correlations
found between inhibition and musical perception among children (Janurik et al.,
2019), it is inconsistent with findings showing no relationship between inhibition and
perceptual abilities among university students (Okada & Slevc, 2018). Furthermore,
inhibition appears to be unrelated to musical ability measured by the Musical Ear Test
(Slevc et al., 2016), and older musicians performed similarly to matched non-
musicians on an inhibition task (Amer et al., 2013). The mixed findings could result
from the instruments used to measure inhibition and musical perception, since these
constructs can be measured with questionnaires (subjective) or neuropsychological
tasks (objective). Self-report EF questionnaires often do not correlate with
neuropsychological measures of EF, and both are considered independently clinically
useful (Mason et al., 2021; Mohamed et al., 2019). Similarly, the ADEXI, correlates
weakly or non-significantly with neuropsychological tests of EF (Holst & Thorell,
2018). The ADEXI is a reliable subjective measure of EF, and indeed replicated the

expected relationships with quality of life and musical sophistication, supporting its
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validity. Similarly, although the perceptual abilities as measured by Gold-MSI were
moderately correlated with several listening tests (Mullensiefen et al., 2014), it is
unclear if this might be associated with the performance on a Musical Ear Test.
Therefore, future studies using objective and subjective measures of EF and musical
sophistication might better tease apart the relation. The current findings do suggest
that self-estimated musical abilities may be associated with self-report working

memory difficulties and to a lesser extent, inhibition.

With the current correlational results, it is not possible to infer causation or
rule out the hypothesis that there are pre-existing differences in EF which in turn
determine who is more likely to engage in musical activities that lead to higher
musical sophistication. However, evidence for a positive effect of musical training
and regular engagement in musical activities on EF is accumulating. Several
longitudinal studies have shown changes in brain regions underlying EF and
improvements in EF performance following years of musical training (Habibi et al.,
2018; Hennessy et al., 2019). Contrary to the positive findings, a much shorter
musical intervention (i.e., eight weeks) had no effect on EF (Bowmer et al., 2018),
highlighting the potential role of intervention duration in the induction of changes in
brain and behavioural performance. In terms of engagement in musical activities, the
lack of association between active engagement and EF found in the current chapter
contradicts the positive impact of regular music listening on EF among patients with
dementia in a randomised controlled study (Sarkamo et al., 2014). While speculative,
the difference in the samples (e.g., non-clinical vs clinical) suggest that regular
engagement in musical activities would only benefit individuals with deficits in EF.
Overall, the current literature appears to be optimistic for a positive impact of musical
training and regular engagement in musical activities on EF. Positive associations
between musical sophistication (and its subscales) and EF observed in the current
chapter not only corroborate the potential positive impact of musical
training/activities, but also shed light on the potential association between receptive
musical skills and EF. Future research could possibly examine whether training these
receptive skills (e.g., pitch performance) would lead to improvements in EF or
whether these receptive skills mediate the potential positive impact of musical

training on EF in a longitudinal study.

121



Consistent with my hypothesis, EF mediates the relationship between musical
sophistication and quality of life. While a positive association between musical
activities/interventions and quality of life was consistently observed (Clift & Hancox,
2001; McCrary et al., 2022; Sarkamo et al., 2014), potential mediators for the effects
of musical activities on quality of life were seldom explored previously. Given that
musical training might have a positive influence on EF (Benz et al., 2016), and the
importance of EF on quality of life (Diamond, 2013), the indirect effect of musical
sophistication on quality of life with EF as the mediator seems supported.
Importantly, the effects of musical sophistication on EF and EF on quality of life
remain after controlling for socioeconomic status, suggesting that musical
sophistication and EF explain unique variance in EF and quality of life respectively.
Therefore, the current study suggests that engaging in regular musical activities or
having greater musical sophistication per se might not have a causal effect on quality
of life, but that greater musical sophistication might be associated with better EF
which, in turn, is associated with better quality of life. While speculative, it is possible
that music therapy or intervention for cognitive rehabilitation such as neurologic
music therapy (Thaut et al., 2009) could indirectly influence quality of life through
EF. Future research on music therapy or intervention could explore the relationship

between EF and quality of life directly.

It is well established that autistic individuals and subthreshold populations
show EF difficulties (Christ et al., 2010; Demetriou et al., 2018), but the current study
found no association between autistic traits and self-report EF difficulties among the
student population. The contradiction could stem from the differences between a
subthreshold and a student population. A subthreshold group usually possesses
higher-than-typical autistic traits (Christ et al., 2010), whereas the autistic traits of a
general student population are likely to distribute across the ‘normal’ range. The
current findings are consistent with findings from a Japanese general population
where no association between autistic traits and EF was found (Kunihira et al., 2006).
Therefore, it seems that autistic traits among the student population might not be
related to EF difficulties.

| postulated that autistic traits might positively correlate with general musical
sophistication considering that perceptual abilities contribute to general musical

sophistication. However, the lack of such a relationship might not be surprising since
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general musical sophistication is still mostly defined by performative musical
activities (Baker et al., 2020). Moreover, most research focused on lower-level
perceptual abilities in music among people with or without ASC (Bonnel et al., 2003,
Dohn et al., 2012; Heaton, 2003). This again echoes my view that investigating
perceptual abilities in greater detail might be more informative than general musical

sophistication.

The negative association between autistic traits and perceptual abilities found
in the current study was inconsistent with previous findings (Chamberlain et al., 2013;
Dohn et al., 2012; Mottron et al., 2006; Stewart et al., 2018; Vital et al., 2009). This
might stem from the used method. The current study used self-report to measure
perceptual abilities whereas in previous studies this was measured by tasks. A few
items from the Gold-MSI measuring perceptual abilities might involve social aspects
(e.g., I am able to judge whether someone is a good singer or not). Given that more
autistic traits denote more social difficulties, one might self-report poorer perceptual
abilities that involve social aspects. A similar explanation is applicable for the items
measuring singing abilities (e.g., | am not able to sing in harmony when somebody is
singing a familiar tune). Furthermore, there are mixed findings with respect to the
relation between autistic traits and perceptual abilities in the auditory domain
(Wenhart & Altenmdiller, 2019). This might be the first study to examine the relation
of autistic traits with self-report musical abilities instead of perceptual tasks. In light
of the inconsistent findings, future studies should consider both self-report and
objective measures of musical abilities to better establish their relationship with
autistic traits.

There are some limitations to my study. Firstly, the data do not allow
inference of causal relationships. For example, it is impossible to conclude if greater
musical sophistication leads to better EF or the other way around. Longitudinal
studies should be employed in the future to clarify the relationship. Secondly, the
relatively small sample size and the sample characteristics (the sample was mainly
made up of female university students) may not be representative of the general
population (Henrich et al., 2010), hence making it difficult to generalise my findings.
Thirdly, general fluid intelligence was not taken into account which has been shown
to be associated with musical sophistication (Baker et al., 2020). While the

independence of EF and fluid intelligence is debated (Diamond, 2013; Heitz et al.,
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2006), it might be useful to examine if both uniquely mediate the relation between
musical sophistication and quality of life. Fourthly, the current findings should be
viewed in light of potential response biases given that the findings are based on self-
report questionnaires. For example, Asian participants score higher on the AQ than
Western participants (Freeth et al., 2013; see also Chapter 3), suggesting the existence
of response bias and one should exercise caution in generalizing findings on autistic
traits across cultures. However, compared to the AQ which is constructed based on
social norms that are culture dependent, the Gold-MSI, ADEXI and PedsQL are more
culturally neutral. Hence, the effect of response bias on these questionnaires is
expected to be minimal. Moreover, all data were collected in one country. Lastly, the
current results might not be directly comparable to the past findings (Okada & Slevc,
2018; Petrovsky et al., 2021) since I did not include neuropsychological tests.
Nonetheless, my findings do add to the current knowledge by specifically looking into

self-evaluation of EF, quality of life music and autistic traits.

The present study found that autistic traits and EF are associated with quality
of life and that the relation between musical sophistication and quality of life is
mediated by EF. Several subdomains of music sophistication significantly correlated
with general EF and specific EF domains. The findings overall suggest that greater
musical sophistication is linked to better EF, particularly working memory, which in
turn, is associated with better quality of life. Furthermore, specific subscales such as
perceptual and singing abilities but not general musical sophistication appear to be
related to autistic traits. Therefore, apart from formal musical training, other
subdomains of musical sophistication appear positively associated with EF, and better

EF seems associated with better quality of life.
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Chapter 7: General Discussion

The primary objective of the current thesis was to examine whether and how
musical sophistication and its subdimensions are associated with EF and autistic traits.
The influence of language on and psychometric properties of the AQ were tested in
Chapters 2 and 3. The results from Chapter 2 showed that participants scored
significantly higher on the Mandarin than on the English AQ, while no difference was
observed between the Bahasa Malaysia and English AQ. The factor structure of the
AQ-28 appeared to be relatively stable, and AQ-28 is found to measure autistic traits
similarly in Malaysia and the Netherlands as reported in Chapter 3. In Chapter 4, |
attempted to confirm the MUSIC preference model in a Malaysian general population
sample and examine its associations with Big-Five personality traits and autistic traits.
The MUSIC model was partially confirmed with the Intense and Sophisticated factor
being virtually identical to the original study conducted with a Western general
population. Some of the commonly reported associations between Big-Five
personality traits and music preference were observed (e.g., Agreeableness-
Unpretentious and Openness-Intense), but the others were not replicated. Lower
autistic traits were associated with a greater preference for Contemporary music.
Effects of music listening on EF performance and arousal (self-reported and measured
by EDA) in relation to autistic traits were examined in Chapter 5. Listening to
preferred music did not appear to influence EF and arousal. Moreover, autistic traits
were not associated with EF performance nor arousal. In Chapter 6, relationship
among musical sophistication, EF, autistic traits and quality of life was explored.
Greater musical sophistication was associated with better EF, which in turn, was
associated with better quality of life. Higher autistic traits were associated with poorer

quality of life, but unrelated to self-report EF.

Autistic traits

Autistic traits are one of the main interests of the current thesis, but the AQ, a
widely used instrument to measure autistic traits, has rarely been tested in a non-
Western context. There are indications that the AQ may behave differently across
cultures; Malaysian students scored significantly higher than British students on the
AQ (Freeth et al., 2013). While the authors suggested that cultural differences in
expressing and reporting autistic traits might have led to the difference in score, an

additional explanation might be a possible contribution of language. That is, the
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higher scores among Malaysian students could be partially explained by the language
they answered in. Malaysian students responded to the AQ in English (Freeth et al.,
2013), which is likely not their native/first language. Hence, Chapter 2 attempted to
address this gap by Malaysian participants completing both the Mandarin or Bahasa
Malaysia AQ and the English AQ. The results showed that participants scored
significantly higher on the English AQ than on the Mandarin AQ, but there was no
difference in their scores between the Bahasa Malaysia and the English AQ.
Language, hence, might partially explain the higher score among Malaysian students
than British students (Freeth et al., 2013). It is therefore recommended that AQ should
be administered in the native language of the participants, or the non-native language

proficiency should be considered when that is not possible.

The factor structure of the AQ might differ across cultures, hence measuring
different latent traits (i.e., measurement non-invariance) in different cultures. While
the AQ measures autistic traits among British students efficiently, it might be
measuring something slightly different when it is completed by Malaysian students.
Differences in the AQ score (Freeth et al., 2013) might be a consequence of
comparing traits that are incomparable (e.g., comparing an apple to an orange or
autistic traits to social traits in general). The original five-factor structure of the AQ
(Baron-Cohen et al., 2001) has been debated, and many alternative structures have
been proposed (Austin, 2005; Hoekstra et al., 2011; Kloosterman et al., 2011; Russell-
Smith et al., 2011). However, evaluation of the AQ factor structure in a non-Western
context, especially in Malaysia, is scarce. With that in mind, the factor structure of the
AQ-28, a commonly used abridged version of the AQ, was examined in Malaysia and
the Netherlands in Chapter 3. Moreover, measurement invariance of the AQ-28 was
tested. The hierarchical factor structure of the AQ-28 fitted well in the Netherlands
and was acceptable in Malaysia, and the AQ-28 appeared to measure autistic traits
similarly in the Netherlands and Malaysia as suggested by measurement invariance
analysis. Therefore, the results overall support the use of the AQ-28 in measuring

autistic traits among the Malaysian general population.

EF and autistic traits

Neuropsychological measures of EF and self-report EF difficulties are

examined in Chapters 5 and 6 respectively. Specifically, working memory was
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measured by a Corsi Blocks Test, inhibition was measured using a Go-NoGo Task
and cognitive flexibility was measured with a Trail Making Test. The ADEXI was
used to measure experienced/self-report/subjective EF and contains two subscales
measuring working memory and inhibition. Surprisingly, autistic traits were not
related to self-report EF, even though autistic traits as measured with the AQ has been
reported to correlate to self-report EF measures, e.g., the Barkley Deficits in
Executive Functioning Scale (BDEFS; Mason et al., 2021). The ADEXI was found to
show acceptable test-retest reliability, high internal consistency and converge strongly
with the BDEFS (Holst & Thorell, 2018). Given that the ADEXI and BDEFS measure
EF similarly, the discrepancy in the association with the AQ may be due to
differences in comprehensiveness. The ADEXI used in Chapter 6 contains only 14
items in total measuring two domains (i.e., working memory and inhibition), but the
BDEFS used in Mason et al. (2021) contains 89 items measuring five different
domains (i.e., self-organization/problem solving, self-management of time, self-
restraint/inhibition, self-regulation of emotions and self-motivation). It is possible that
the brief instrument may not be able to assess subtle EF difficulties in comparison to a
more comprehensive instrument. Moreover, the ADEXI seems to measure cognitive
aspects of EFs exclusively (i.e., cold EFs), whereas the BDEFS reflects EFs
underlying the processing of emotional, motivational, and reward-related information
(i.e., hot EFs). Although both hot and cold EFs are impaired in ASC (Zimmerman et
al., 2016), there is preliminary evidence suggesting that hot EFs might play a more
fundamental role in the psychopathology of ASC (Salehinejad et al., 2021).
Therefore, autistic traits among the general population might be related to hot EFs
only. In contrast, the lack of association between autistic traits and
neuropsychological measures of EF is in line with past research (Kunihira et al., 2006;
Mason et al., 2021). Neuropsychological measures of EF often do not correlate with
self-report EF (Holst & Thorell, 2018; Mason et al., 2021), putting the ecological
validity of neuropsychological measures of EF in question. With that in mind,
(ab)normal performance on neuropsychological measures of EF may not correspond
to subjective EF difficulties in everyday life. Moreover, given that most of the
participants were university students, ceiling effects on EF tasks and questionnaires
are additionally possible (Friedman et al., 2016; Patrick et al., 2008). Together, the
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link between self-report EF and autistic traits among general populations remain

inconclusive.

The lack of associations between EF (both neuropsychological and self-
report) and autistic traits may also be attributed to how autistic traits are
conceptualised. While autistic traits reflect the social and repetitive behaviour
symptoms of ASC, as evidenced by the original five subscales of the AQ (Baron-
Cohen et al., 2001), autistic traits might not necessarily reflect the ASC-specific
cognitive patterns. The link between autistic traits among the general population and
ASC is not clear (Mottron & Bzdok, 2020), and hence examination of autistic traits
among the general population might be relatively less informative for ASC. EF
difficulties are prevalent among autistic individuals (Demetriou et al., 2018), but their
first-degree unaffected relatives do not seem to display EF difficulties (McLean et al.,
2014). Besides, although elevated autistic traits have been found to be associated with
EF difficulties among those with subthreshold autistic traits (Christ et al., 2010; Dai et
al., 2019; Hyseni et al., 2019), the association disappeared when examining
individuals with typical range of or low autistic traits (Dai et al., 2019; Kunihira et al.,
2006; Maes et al., 2013). This consistent observation suggests that autistic traits
among those with low or typical autistic traits might be qualitatively different from
the autistic traits among those with ASC or subthreshold autistic traits. People with
low autistic traits may not exhibit the cognitive patterns as seen in ASC. Hence, given
that the samples in Chapters 5 and 6 consist mainly of university students with
relatively low autistic traits, the lack of an association between EF and autistic traits
might not be surprising. The current findings suggest that, in general population
samples, EF and autistic traits might be unrelated. Findings from autistic traits in
general population samples might not be informative for or generalisable to an ASC

population.

Musical sophistication

OMSI was used in Chapters 4 and 5, and the Gold-MSI was used in Chapter
6. Whether the instruments could be used interchangeably to measure musical
sophistication is debatable. Pragmatically, though both OMSI and Gold-MSI measure
musical sophistication, the differences in how they were developed and range of items
included would likely render the latent construct (slightly) different between the two.

128



However, from a theoretical viewpoint that musical sophistication is multidimensional
(Hallam, 2010), the latent construct that OMSI and Gold-MSI measures is likely to
overlap. This is supported by the ability of some items from each instrument in
predicting the score on the other instrument (Zhang & Schubert, 2019). Therefore,
OMSI and Gold-MSI may be used interchangeably in line with this viewpoint, but
future research should explicitly test the convergent validity and external correlates of
OMSI and Gold-MSI.

Subtle cultural differences in how musical sophistication is conceptualised
might also be present. Specifically, the OMSI and Gold-MSI contain an item asking
the number of live music events that one attended for the past one year. Attending live
music events or concerts is not as common in Malaysia due to limited events and high
prices. Conversely, engagement in other musical activities such as karaoke is much
more common in Malaysia but is not asked in both instruments. Nonetheless, a CFA
confirmed that the factor structure of Gold-MSI fitted well in the Malaysian sample.
This suggests that these cultural differences in commonly engaged musical activities
are negligible, and there are likely more similarities between cultures in the
conceptualisation of musical sophistication. A certain degree of universality can be
seen in the emotional reactions to and psychological functions of music (Saarikallio et
al., 2021; Schafer et al., 2012). Moreover, overall musical sophistication as
conceptualised by OMSI and Gold-MSl is largely contributed by performative
musical skills, and how these skills are defined is similar across cultures (e.g.,
duration of musical training/education). Therefore, unlike autistic traits which are
based on deviation from a culture’s social norms, musical sophistication is likely to be

a (relatively) universal construct.

In a similar vein, the effects of language on response to OMSI and Gold-MSI
are likely to be minimal. This is because established cultural differences are a
precondition for language effects, as seen in autistic traits, personality and emotional
intelligence (Freeth et al., 2013; Gokgen et al., 2014; Ramirez-Esparza et al., 2006).
Problems arise from translation process are also negligible in this thesis since the
results of Chapters 4, 5 and 6 was based only on the original English version of OMSI
and Gold-MSI. Hence, the evidence thus far suggests that there are more similarities

in the conceptualisation of musical sophistication across cultures, it might be safe to

129



assume that the OMSI and Gold-MSI are appropriate measures of the intended latent

construct in this thesis.

Musical sophistication and EF

Music listening, a form of active engagement in music, seemed unrelated to
working memory, inhibition and cognitive flexibility performance in Chapter 5. This
is consistent with the findings from Chapter 6 where all subdomains of musical
sophistication were positively associated with general EF and working memory except
for active engagement. These findings suggest that engagement in music might not be
associated with EF. A randomised-controlled study however, reported that regular
music listening was beneficial for EF among persons with dementia (Sarkamo et al.,
2014). It seems that short term engagement in music (i.e., Chapter 5) may not produce
observable changes in EF in the general population/students or perhaps the effects of
music would be more apparent among individuals with deficits in EF such as
dementia. Moreover, the results from Chapter 5 add to the current debate about the
effects of listening to music in the background on cognitive performance or EF
specifically in relation to arousal. Most studies used self-report arousal when studying
the effects of arousal on cognitive performance and the results were mixed; some
found positive effects of music on cognitive performance without a change in arousal
or mood (Smith et al., 2010), while others reported increased arousal when listening
to music but working memory performance did not differ from relaxing and silence
conditions (Hirokawa, 2004). Although Chapter 5 attempted to address the gap in the
literature by examining whether beneficial effects of music listening on EF would be
accompanied by elevated objective arousal (i.e., EDA), the lack of influence of music
listening on both EF performance and EDA neither support nor reject the potential
role of arousal in mediating the effects of music listening on cognitive performance.
Nonetheless, findings from Chapter 5 shed some light on important issues that should
be taken into consideration in the future, such as the type of music and measures of
objective arousal. Changes in EDA were only observed when listening to pleasurable
music (Salimpoor et al., 2009), while Chapter 5 used self-selected music for
work/study. Hence, findings from Chapter 5 suggest that self-selected music for
work/study might not influence objective arousal, and future studies can examine if
this was the case by comparing different types of music. Moreover, while EDA

provides exclusive information about the sympathetic activity (Braithwaite et al.,
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2013), other indicators of arousal that reflect both sympathetic and parasympathetic

activity (e.g., heart rate) may complement EDA in future investigations.

Results from Chapter 6 showed that general musical sophistication was
associated with better EF, which is in line with findings demonstrating better EF
among musicians than non-musicians (Meyer et al., 2020; Strong & Mast, 2019;
Suérez et al., 2016). Closer inspection of different subdomains of musical
sophistication further suggests that apart from musical training, other subdomains
except for active engagement are positively related to EF. While there is some
evidence for a positive relation between musical training and EF (Benz et al., 2016;
Bowmer et al., 2018; Chen et al., 2021; Shen et al., 2019), the relationship of other
musical sophistication subdomains with EF is underexplored. Perceptual abilities
were positively associated with cognitive flexibility in both children and adults with
mild cognitive impairment (Janurik et al., 2019; Petrovsky et al., 2021), and the
results from Chapter 6 extend these findings by showing that working memory and
inhibition were also positively associated with perceptual abilities among a general
population sample. The vocal sensorimotor loop, a theory on how singing works,
implicated the importance of working memory (Berkowska & Dalla Bella, 2009). The
vocal sensorimotor loop suggests that perception of a to-be-imitated melody or
ongoing vocal production would be fed into working memory and the stored
information would subsequently influence or be used to monitor motor planning for
vocal production. The positive relation between working memory and singing abilities

found in Chapter 6 aligns with this theory.

Patients with Alzheimer or frontotemporal dementia seem to display
difficulties in recognising musical emotions, and deficits in EF appear to explain the
difficulty to a certain extent (Orjuela-Rojas et al., 2021; Zhou et al., 2019). In Chapter
6, musical emotions were also positively associated with EF, thus supporting the
potential role of EF in perceiving musical emotions. Working memory, in particular,
has been highlighted to contribute significantly to musical sophistication beyond
musical abilities (Baker et al., 2020), and positive associations of working memory
with almost all subdomains of musical sophistication shown in Chapter 6 align with
this proposition. The importance of working memory in musical sophistication might
not be surprising given that musical activities ranging from playing an instrument,

reading musical notes, active music listening, humming a melody, perceiving musical
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emotions, etc clearly taps onto working memory. In contrast with the substantial
contribution of working memory to musical sophistication, other domains of EF such
as inhibition may only be associated with certain subdomains of musical
sophistication, i.e., perceptual abilities (see Chapter 6). Though not investigated in
Chapter 6, cognitive flexibility is likely to be associated with musical sophistication.
Musical performance tends to require multitasking such as playing an instrument
while reading notes or playing different notes with both hands, and these actions
essentially demand cognitive flexibility. Together, the findings highlight the potential

contribution of general EF and its different domains on musical sophistication.

Musical sophistication and autistic traits

Findings from Chapters 4, 5 and 6 generally suggest that autistic traits among
the general population do not display the expected associations with music preference
and musical sophistication that are commonly observed in autistic populations. In
Chapter 4, autistic traits were expected to be positively associated with preference for
Intense or Sophisticated music, but they were found to be negatively associated with a
preference for Contemporary music instead. In Chapter 5, autistic traits were expected
to be negatively associated with EF performance and music listening might alleviate
the EF difficulty associated with elevated autistic traits, but autistic traits were not
associated with EF performance. In Chapter 6, autistic traits were expected to be
positively associated with perceptual abilities, but a negative association was found
instead. The current thesis initially planned to compare neurotypical and autistic
adults in Chapters 4, 5 and 6, but the plan was disrupted by the COVID-19 pandemic.
Furthermore, the recruitment was challenging, since many autistic adults are not
diagnosed or have difficulty accessing support in Malaysia. A survey among
Malaysian university students showed that while 2.8% of the students suspected that
they had an ASC, only 0.3% of them received a formal diagnosis (Low et al., 2021).
The gap likely arises from underdiagnosis by professionals rather than self-
overdiagnosis given that knowledge about ASC is generally low in Malaysia
compared to other countries like the UK (de Vries et al., 2020). Furthermore, about
81.8% of autism centres in Malaysia set a maximum age of 20 and below for class
enrolment (Fikry & Hassan, 2016), suggesting a lack of support for autistic adults.
Thus, without an autistic sample, the focus of the current thesis is instead limited to
autistic traits among general populations. Poor reliability of the AQ in measuring
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autistic traits could probably be ruled out as an explanation for the lack of associations
given that the psychometric properties of the AQ among the Malaysian general
population has been tested and found to be comparable with a Dutch population in
Chapter 3. Moreover, even though Chapter 2 highlights the potential influence of
language on the response to the AQ, the language in which the AQ and other
questionnaires were administered may only have minimal impact since no cross-
language or -cultural comparison is involved in Chapters 4, 5 and 6. Therefore, it
seems possible that the argument provided under the subheading of “EF and autistic
traits” may also explain the discrepant findings when examining autistic traits. That is,
people with typical range of or low autistic traits likely do not reflect cognitive
patterns of autistic people, and the current findings suggest that autistic traits are
negatively associated with singing and perceptual abilities among a general

population sample.

Autistic individuals display superior perceptual abilities in the musical domain
(Bonnel et al., 2003, 2010; Heaton, 2003; Stanutz et al., 2014), but autistic traits are
found to be negatively associated with perceptual abilities in Chapter 6. However, it
appears that only a subgroup of the autistic individuals displays such superior
perceptual abilities (Heaton et al., 2008), and this subgroup might be genetically
distinct from those without superior perceptual abilities (Nurmi et al., 2003). This
subgroup among ASC further complicates the already debated link between autistic
traits among general and ASC populations (see EF and autistic traits), where in
addition to cognitive patterns, such superior abilities may also not be linked to autistic
traits among general populations. Therefore, although the current thesis suggests that
among general populations, higher autistic traits are associated with reduced
preference for Contemporary music and poorer perceptual abilities, future research
should specifically investigate these findings among autistic individuals or those with
subthreshold autistic traits.

Culture

Across all chapters, cultural differences have been consistently suggested as a
plausible explanation for the discrepant findings. In Chapters 2 and 3, social norms
associated with different cultures likely explain why Malaysian participants score
differently in two languages and score higher than Dutch participants. In the (Western
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developed) AQ, attention to numbers is considered indicative of autistic traits.
However, paying attention to numbers may be considered culturally appropriate or
even emphasised in the Chinese culture (Almond et al., 2015; Wong et al., 2019).
Thus, these cultural differences likely contribute to the higher scores among Asian
participants. In Chapters 4 and 5, it is speculated that cultural differences in music
cognition such as perceived emotions of music contribute to the non-success in
replicating the MUSIC model and finding a null effect of music listening on EF.
Korean, Chinese and Americans perceived mood differently from the same sets of
musical excerpts (Lee & Hu, 2014), suggesting that music might function differently
across cultures. All these findings emphasise the significance of taking the cultural
context into account given that the interpretation, perception, and/or expression of
autistic traits and music are highly influenced by culture. Therefore, the current results
are in line with other researchers that call for an integration of the cultural framework
when examining ASC and music on cognitive performance (de Leeuw et al., 2020;
Giroux et al., 2020), and suggest that generalisation of findings from one culture to
another should be exercised with caution.

Conclusion

The current thesis demonstrates that greater musical sophistication is
associated with better EF, and in turn, better quality of life. Active engagement in the
form of music listening, however, does not seem to influence EF. Higher autistic traits
are associated with poorer quality of life and a reduced preference for Contemporary
music. Arousal seems not elevated in response to self-selected music and not
associated with EF and autistic traits. Results concerning psychometric properties of
AQ, music preference, personality and music listening on cognitive performance do
not fully replicate previous findings from the Western contexts. Future research could
integrate the cultural framework when examining autistic traits and music on
cognitive performance to elucidate how cultural differences may contribute to the
discrepant findings. Nonetheless, some expected relationships, such as the negative
associations between autistic traits and quality of life (Reed et al., 2016) and the lack
of relationship between neuropsychological measure of EF and autistic traits among
general populations (Mason et al., 2021), are also supported by the current results,
suggesting that there are also similarities across cultures. In conclusion, while autistic

traits are not related to EF and general musical sophistication among general
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populations, greater musical sophistication is associated with better EF, especially

working memory.

The findings of Chapter 2 suggest that in a multilingual country like Malaysia,
questionnaires should ideally be administered in one’s native language. The AQ-28
can be used in the Malaysian general population and can be compared meaningfully
between Malaysia and the Netherlands according to Chapter 3. However, it is yet
unclear if this can be generalised to other countries/cultures. More importantly, the
validity of the AQ-28 for autistic populations in Malaysia remains unexplored. Cross-
cultural validation of the AQ-28 in autistic samples is essential to deriving a
Malaysia-specific cut-off. The findings of Chapter 4 suggest that people who have
more autistic traits have a lower preference for Contemporary music (e.g., rap and
electronica) or music with heavy bass, synthetic or electric sound. This is in line with
the prevalence of sensory issues among autistic individuals and the association
between autistic traits and sensory abnormalities (larocci & McDonald, 2006; Jussila
et al., 2020). That said, future research should directly examine the music preferences
of autistic individuals. Results of Chapter 5 suggest that preferred music does not
elevate physiological arousal and improve cognitive performance. Importantly,
cognitive performance was not disrupted by music listening, suggesting that listening
to preferred music while working/studying does not have a detrimental effect.
Therefore, contrary to some of the common beliefs that music is disruptive, listening
to music that we like does not affect our task performance, while it might even make
some tasks more enjoyable. Lastly, the findings of Chapter 6 suggest that activities
that promote musical sophistication are positively associated with EF, which in turn,
promote quality of life. Hence, while speculative, music therapy (e.g., neurologic
music therapy; Thaut, 2010) that targets EF directly might be beneficial for clinical
populations with EF difficulties, and in turn, improve their quality of life.
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Supplementary Material
Supplementary Table 3.1
The items of AQ-28

Social Behaviour Numbers/Patterns
Social Skills
1. | prefer to do things with others rather than on my own 5. 1 usually notice car number plates or similar strings of information
9. I find social situations easy 7. | am fascinated by dates
10. I would rather go to a library than a party 13. I am fascinated by numbers
12. | find myself drawn more strongly to people than to things 16. I notice patterns in things all the time
15. I find it hard to make new friends 22. | like to collect information about categories of things (e.qg., types of car,
24. | enjoy social occasions types of bird, types of train, types of plant, etc.)

27. | enjoy meeting new people

Routine

2. | prefer to do things the same way over and over again

17. It does not upset me if my daily routine is disturbed

19. 1 enjoy doing things spontaneously

26. New situations make me anxious

Switching

4. | frequently get so strongly absorbed in one thing that I lose sight of other
things
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8. In a social group, I can easily keep track of several different people’s
conversations

18. | find it easy to do more than one thing at once

21. If there is an interruption, I can switch back to what | was doing very
quickly

Imagination

3. If I try to imagine something, | find it very easy to create a picture in my
mind

6. When I’m reading a story, I can easily imagine what the characters might
look like

11. | find making up stories easy

14. When I’m reading a story, I find it difficult to work out the characters’
intentions

20. | find it easy to work out what someone is thinking or feeling just by
looking at their face

23. | find it difficult to imagine what it would be like to be someone else
25. 1 find it difficult to work out people’s intentions

28. | find it very easy to play games with children that involve pretending
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Supplementary Figure 5.1

Visual Representation of the Corsi Blocks Test
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Supplementary Figure 5.2

Visual representation of Trail Making Test Part A and B
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Supplementary Figure 5.3

Visual representation of Go-NoGo Task
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Supplementary Table 6.1

Correlations among general musical sophistication and its subscales.

General Active Perceptual Musical Singing
Musical Engagement  Abilities  Training Abilities
Sophistication

Active 65"

Engagement

Perceptual 787 457

Abilities

Musical 787" 397 54

Training

Singing 82" 437 66" 48"

Abilities

Emotions 557 657" 54" 28" 357

Note. ""p <.001

183



Appendices

Appendix I: Autism Spectrum Quotient-50 (AQ-50) in English

1. | prefer to do things with others rather than on  |definitely slightly slightly definitely
my own. . .
agree agree  disagree disagree
2. | prefer to do things the same way over and over |definitely slightly slightly definitely
again.
9 agree agree  disagree disagree
3. If I try to imagine something, | find it very easy |definitely slightly slightly definitely
to create a picture in my mind. i i
agree agree  disagree disagree
4. 1 frequently get so strongly absorbed in one definitely slightly slightly definitely
thing that I lose sight of other things. i i
agree agree  disagree disagree
5. | often notice small sounds when others do not. |definitely slightly slightly definitely
agree agree  disagree disagree
6. I usually notice car number plates or similar definitely slightly slightly definitely
strings of information. . .
agree agree  disagree disagree
7. Other people frequently tell me that what I’'ve  |definitely slightly slightly definitely
said is impolite, even though I think it is polite. ) )
agree agree  disagree disagree
8. When I’m reading a story, I can easily imagine |[definitely slightly slightly definitely
what the characters might look like. ) i
agree agree  disagree disagree
9. I am fascinated by dates. definitely slightly slightly definitely
agree agree  disagree disagree
10. Inasocial group, I can easily keep track of definitely slightly slightly definitely
several different people’s conversations. . i
agree agree  disagree disagree
11. 1find social situations easy. definitely slightly slightly definitely
agree agree  disagree disagree
12. 1tend to notice details that others do not. definitely slightly slightly definitely
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agree agree  disagree disagree
13. 1 would rather go to a library than a party. definitely slightly slightly definitely
agree agree  disagree disagree
14. | find making up stories easy. definitely slightly slightly definitely
agree agree  disagree disagree
15. 1 find myself drawn more strongly to people than |definitely slightly slightly definitely
to things. . .
agree agree  disagree disagree
16. 1tend to have very strong interests which | get  |definitely slightly slightly definitely
upset about if I can’t pursue. . .
agree agree  disagree disagree
17. | enjoy social chit-chat. definitely slightly slightly definitely
agree agree  disagree disagree
18. When I talk, it isn’t always easy for others to get |definitely slightly slightly definitely
a word in edgeways. i i
agree agree  disagree disagree
19. | am fascinated by numbers. definitely slightly slightly definitely
agree agree  disagree disagree
20. When I’m reading a story, I find it difficultto  |definitely slightly slightly definitely
work out the characters’ intentions. . )
agree agree  disagree disagree
21. Tdon’t particularly enjoy reading fiction. definitely slightly slightly definitely
agree agree  disagree disagree
22. | find it hard to make new friends. definitely slightly slightly definitely
agree agree  disagree disagree
23. I notice patterns in things all the time. definitely slightly slightly definitely
agree agree  disagree disagree
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24. 1would rather go to the theatre than a museum. |definitely slightly slightly definitely
agree agree  disagree disagree
25. It does not upset me if my daily routine is definitely slightly slightly definitely
disturbed. . .
agree agree  disagree disagree
26. | frequently find that I don’t know how to keep a |definitely slightly slightly definitely
conversation going. . .
agree agree  disagree disagree
27. Tfind it easy to “read between the lines” when  |definitely slightly slightly definitely
someone is talking to me. ) .
agree agree  disagree disagree
28. 1 usually concentrate more on the whole picture, |definitely slightly slightly definitely
rather than the small details. ) i
agree agree  disagree disagree
29. | am not very good at remembering phone definitely slightly slightly definitely
numbers. . .
agree agree  disagree disagree
30. Idon’tusually notice small changes in a definitely slightly slightly definitely
situation, or a person’s appearance. . )
agree agree  disagree disagree
31. I know how to tell if someone listening to me is |definitely slightly slightly definitely
getting bored. i i
agree agree  disagree disagree
32. I find it easy to do more than one thing at once. |definitely slightly slightly definitely
agree agree  disagree disagree
33. When | talk on the phone, I’m not sure when it’s |definitely slightly slightly definitely
my turn to speak. i i
agree agree  disagree disagree
34. 1 enjoy doing things spontaneously. definitely slightly slightly definitely
agree agree  disagree disagree
35. | am often the last to understand the point of a  [definitely slightly slightly definitely
joke. . .
agree agree  disagree disagree
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36. | find it easy to work out what someone is definitely slightly slightly definitely
thinking or feeling just by looking at their face. . .
agree agree  disagree disagree
37. |If there is an interruption, | can switch back to  |definitely slightly slightly definitely
what | was doing very quickly. ) i
agree agree  disagree disagree
38. lam good at social chit-chat. definitely slightly slightly definitely
agree agree  disagree disagree
39. People often tell me that | keep going on and on |definitely slightly slightly definitely
about the same thing. . .
agree agree  disagree disagree
40. When | was young, | used to enjoy playing definitely slightly slightly definitely
games involving pretending with other children. i i
agree agree  disagree disagree
41. 1like to collect information about categories of |definitely slightly slightly definitely
things (e.g. types of car, types of bird, types of i i
train, types of plant, etc.). agree agree  disagree disagree
42. 1find it difficult to imagine what it would be like [definitely slightly slightly definitely
to be someone else. ) )
agree agree  disagree disagree
43. 1 like to plan any activities | participate in definitely slightly slightly definitely
carefully. . .
agree agree  disagree disagree
44. 1 enjoy social occasions. definitely slightly slightly definitely
agree agree  disagree disagree
45. 1 find it difficult to work out people’s intentions. |definitely slightly slightly definitely
agree agree  disagree disagree
46. New situations make me anxious. definitely slightly slightly definitely
agree agree  disagree disagree
47. 1 enjoy meeting new people. definitely slightly slightly definitely
agree agree  disagree disagree
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48. 1am agood diplomat. definitely slightly slightly definitely
agree agree  disagree disagree
49. Tam not very good at remembering people’s date|definitely slightly slightly definitely
of birth.
! agree agree  disagree disagree
50. | find it very easy to play games with children |definitely slightly slightly definitely

that involve pretending.

agree

agree

disagree disagree
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Appendix I1: Ollen Musical Sophistication Index (OMSI)

1. How old are you today?
age in years !

2. At what age did you begin sustained musical activity? “Sustained musical
activity” might include regular music lessons or daily musical practice that
lasted for at least three consecutive years. If you have never been musically
active for a sustained time period, answer with zero.

___ age at start of sustained musical activity

3. How many years of private music lessons have you received? !

If you have received lessons on more than one instrument, including voice, give
the number of years for the one instrument/voice you've studied longest.

If you have never received private lessons, answer with zero.

___vyears of private lessons

4. For how many years have you engaged in regular, daily practice of a musical
instrument or singing? “Daily” can be defined as 5 to 7 days per week. A
“year” can be defined as 10 to 12 months. If you have never practiced
regularly, or have practiced regularly for fewer than 10 months, answer with
zero.

____yearsof regular practice

5. Which category comes nearest to the amount of time you currently spend
practicing an instrument (or voice)? Count individual practice time only;
not group rehearsals.

e [ rarely or never practice singing or playing an instrument

e About 1 hour per month

e About 1 hour per week

e About 15 minutes per day

e About 1 hour per day

e More than 2 hours per day

6. Have you ever enrolled in any music courses offered at college (or
university)?

e No " (Skip to #8)

® Yes

7. (If Yes) How much college-level coursework in music have you completed?
If

more than one category applies, select your most recently completed level.

e None

e 1 or 2 NON-major courses (e.g., music appreciation, playing or singing in an
ensemble)

® 3 or more courses for NON-majors

e An introductory or preparatory music program for Bachelor’s level work
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e 1 year of full-time coursework in a Bachelor of Music degree program

(or equivalent)

e 2 years of full-time coursework in a Bachelor of Music degree program (or
equivalent)

e 3 or more years of full-time coursework in a Bachelor of Music degree
program (or equivalent)

e Completion of a Bachelor of Music degree program (or equivalent)

e One or more graduate-level music courses or degrees

8. Which option best describes your experience at composing music?

e Have never composed any music

e Have composed bits and pieces, but have never completed a piece of music
e Have composed one or more complete pieces, but none have been performed
e Have composed pieces as assignments or projects for one or more music
classes; one or more of my pieces have been performed and/or recorded
within the context of my educational environment

e Have composed pieces that have been performed for a local audience

e Have composed pieces that have been performed for a regional or national
audience (e.g., nationally known performer or ensemble, major concert
venue, broadly distributed recording)

9. To the best of your memory, how many live concerts (of any style, with free
or paid admission) have you attended as an audience member in the past 12
months? Please do not include regular religious services in your count, but
you may include special musical productions or events.

e None

o'l-4

e '5-8

e '0-12

e 13 or more

10. Which title best describes you?
e Nonmusician

e Music-loving nonmusician

e Amateur musician

e Serious amateur musician

e Semiprofessional musician

e Professional musician

190



Appendix I11: Ten Item Personality Inventory (TIPI)

Disagree Disagree  Disagreea  Neither Agree a Agree Agree
strongly  moderately little agree nor little moderately  strongly
disagree
1 2 3 4 5 6 7

I see myself as:
Extraverted, enthusiastic.
Critical, quarrelsome.
Dependable, self-disciplined.
Anxious, easily upset.
Open to new experiences, complex.
Reserved, quiet.
Sympathetic, warm.
Disorganized, careless.
Calm, emaotionally stable.
Conventional, uncreative.

Boo~Noar~wNOPRE

©
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Appendix 1V: Goldsmiths Musical Sophistication Index (Gold-MSI)

Please circle the most appropriate 1 2 3 4 5 6 7

category: Completely | Strongly Disagree Neither Agree Strongly Completely
Disagree Disagree Agree nor Agree Agree

Disagree

1. I spend a lot of my free time doingmusic- | 1 2 3 4 5 6 7

related activities.

2. | sometimes choose music that can trig- 1 2 3 4 5 6 7

ger shivers down my spine.

3. | enjoy writing about music, for exam- 1 2 3 4 5 6 7

ple on blogs and forums.

4. If somebody starts singing a song | 1 2 3 4 5 6 7

don’t know, I can usually join in.

5. | am able to judge whether someone isa | 1 2 3 4 5 6 7

good singer or not.

6. I usually know when I’'m hearing a song 1 2 3 4 5 6 7

for the first time.

7. | can sing or play music from memory. 1 2 3 4 5 6 7

8. I’'m intrigued by musical styles I'm not | 1 2 3 4 5 6 7

familiar with and want to find out more.

9. Pieces of music rarely evoke emotions 1 2 3 4 5 6 7

for me.
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10. I am able to hit the right notes whenl 1 2 3 4 5 6 7

sing along with a recording.

Please circle the most appropriate 1 2 3 4 5 6 7

category: Completely| Strongly Disagree Neither Agree Strongly Completely
Disagree Disagree Agree nor Agree Agree

Disagree

11. I find it difficult to spot mistakes ina | 1 2 3 4 5 6 7

performance of a song even if [ know the

tune.

12. 1 can compare and discuss differences | 1 2 3 4 5 6 7

between two performances or versions of

the same piece of music.

13. I have trouble recognizing a familiar | 1 2 3 4 5 6 7

song when played in a different way or by

a different performer.

14. I have never been complimented for | 1 2 3 4 5 6 7

my talents as a musical performer.

15. I often read or search the internet for | 1 2 3 4 5 6 7

things related to music.

16. I often pick certain music to motivate | 1 2 3 4 5 6 7

or excite me.

17. I am not able to sing in harmony when | 1 2 3 4 5 6 7

somebody is singing a familiar tune.
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18. I can tell when people sing or play out | 1 2 3 4 5 6 7

of time with the beat.

19. I am able to identify what is special | 1 2 3 4 5 6 7

about a given musical piece.

20.1 am able to talk about the emotions | 1 2 3 4 5 6 7

that a piece of music evokes for me.

Please circle the most appropriate 1 2 3 4 5 6 7

category: Completely | Strongly Disagree Neither Agree Strongly Completely
Disagree Disagree Agree nor Agree Agree

Disagree

21.1 don’t spend much of my disposable | 1 2 3 4 5 6 7

income on music.

22. I can tell when people sing or play out | 1 2 3 4 5 6 7

of tune.

23. When I sing, I have no idea whether | 1 2 3 4 5 6 7

I'm in tune or not.

24. Music is kind of an addiction for me - | 1 2 3 4 5 6 7

I couldn’t live without it.

25. 1 don'’t like singing in public because | 1 2 3 4 5 6 7

I'm afraid that [ would sing wrong notes.

26. When I hear a piece of music I can 1 2 3 4 5 6 7

usually identify its genre.
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27. 1 would not consider myself a musi- | 1 2 3 4 5 6
cian.

28. I keep track of new music that I come | 1 2 3 4 5 6
across (e.g. new artists or recordings).

29. After hearing a new song two or three | 1 2 3 4 5 6
times, I can usually sing it by myself.

30. I only need to hear a new tune once | 1 2 3 4 5 6
and I can sing it back hours later.

31. Music can evoke my memories of past | 1 2 3 4 5 6
people and places.

Please circle the most appropriate category:
32. | engaged in regular, daily practice of a musical instrument (including voice) for0/1/2/ 3/ 4-5/ 6-9 / 10 or more years.
33. At the peak of my interest, | practiced 0/0.5/1/15/2/ 3-4/5 or more hours per day on my primary instrument.
34. | have attended 0 / 1/ 2/ 3/ 4-6 / 7-10 / 11 or more live music events as an audience member in the past twelve months.
35. | have had formal training in music theory for 0 / 05/1/2/ 3/ 4-6 / 7 or more years.

36. lhave had 0/ 05/ 1/ 2/ 3-5/6-9 / 10 or more years of formal training on a musical instrument (including voice) during my
lifetime.

37.1canplay 0/1/2/3/4/5/ 6 or more musical instruments.
38. 1 listen attentively to music for 0-15 min / 15-30 min / 30-60 min / 60-90 min / 2 hrs / 2-3 hrs / 4 hrs or more per day.

39. The instrument | play best (including voice) is
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Appendix V: Adult Executive Functioning Inventory (ADEXI)

Definitely . Definitely
not true Not true Partially true True true
1 2 3 4 5

1. I have difficulty remembering lengthy instructions 1
2. I sometimes have difficulty remembering what | am doing in the middle of an 1

activity
3. I have a tendency to do things without first thinking about what could 11213

happen
4, I sometimes have difficulty stopping myself from doing something that llike 11213

even though someone tells me that it is not allowed.

5. When someone asks me to do several things, | sometimes remember onlythe first | 1 | o |3

or last

6. I sometimes have difficulty refraining from smiling or laughing in situationswhere | 1 | 2 |3
it is inappropriate

7. I have difficulty coming up with a different way of solving a problem whenl get 1123
stuck

8. When someone asks me to fetch something, | sometimes forget what | am 11213
supposed to fetch

<L I have difficulty planning for an activity (e.g., remembering to bring 112 |3

everything necessary when going on a trip/to work/to school)

10. I sometimes have difficulty stopping an activity that | like (e.g., | watch TVorsitin | 1 | |3
front of the computer in the evening even though it is time to go to bed)
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11.

I sometimes have difficulty understanding verbal instructions unless | amalso
shown how to do something

12.

I have difficulties with tasks or activities that involve several steps

13.

I have difficulty thinking ahead or learning from experience

14.

People that | meet sometimes seem to think that | am more lively/wilder
compared to other people my age
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Appendix VI: Pediatric Quality of Life Inventory (PedsQL)

In the past ONE month, how much of a problem has this been for you ...

ABOUT MY HEALTH AND ACTIVITIES (problems with...) Never | Almost | Some- | Often | Almost
Never | times Always

1. Itis hard for me to walk more than a couple of streets (about 0 1 2 3 4

100 metres)

2. Itis hard for me to run 0 1 2 3 4

3. ltis hard for me to do sports activities or exercise 0 1 2 3 4

4. Itis hard for me to lift heavy things 0 1 2 3 4

5. Itis hard for me to have a bath or shower by myself 0 1 2 3 4

6. Itis hard for me to do chores around the house 0 1 2 3 4

7. 1 have aches or pains 0 1 2 3 4

8. | feel tired 0 1 2 3 4

ABOUT MY FEELINGS (problems with...) Never | Almost | Some- | Often | Almost
Never | times Always

1. | feel afraid or scared 0 1 2 3 4

2. | feel sad 0 1 2 3 4

3. | feel angry 0 1 2 3 4

4. | have trouble sleeping 0 1 2 3 4

5. I worry about what will happen to me 0 1 2 3 4
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HOW I GET ALONG WITH OTHERS (problems with...) Never | Almost | Some- | Often | Almost
Never | times Always

1. | have trouble getting along with other adults 0 1 2 3 4

2. Other adults do not want to be friends with me 0 1 2 3 4

3. Other adults tease me 0 1 2 3 4

4. | cannot do things that others my age can do 0 1 2 3 4

5. It is hard to keep up with other people my age 0 1 2 3 4

ABOUT MY WORK/STUDIES (problems with...) Never [ Almost | Some- | Often | Almost
Never | times Always

1. Itis hard to pay attention at work or college/university 1 2 4

2. | forget things 0 1 2 3 4

3. | have trouble keeping up with my work or studies 1 2 4

4. 1 miss work or college/university because of not feeling well 0 1 2 3 4

5. I miss work or college/university to go to the doctor or hospital 0 1 2 3 4
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