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Abstract

The present thesis uses a multilevel cultural framework to explore cross-cultural differences in visual
perceptual learning (VPL). Specifically, the thesis aims to investigate VPL trajectories when people are
compelled to engage in global processing. Due to a common global advantage during perception
across populations (also known as the global precedence effect), any differences observed between
people from different cultural backgrounds during training would reflect the prevailing influence of
culture on VPL processes (Chapter 1). A shape discrimination task and a sequence learning task were
employed to examine this hypothesis. At the outset, an integrated multilevel cultural framework was
examined to define the macro (group) and micro (individual) levels of culture that may operate on VPL
processes (Chapter 2). Culture was thus characterised by the individualism-collectivism construct at
the macro level, while the independent-interdependent self-construal construct described variations
at the micro level. Chapter 3 subsequently employed this framework to examine cultural differences
in VPL using a shape discrimination task that implicates the differentiation mechanism of VPL.
Following this, Chapter 4 employed a priming manipulation to investigate the dynamic influence of
culture at the micro individual level of analysis. Chapter 5 then extends the investigation into another
domain of VPL using a sequence learning task that implicates the unitisation mechanism of learning.
Chapter 6 synthesised the results of the previous chapters and documented the systematic design
process of an electroencephalogram (EEG) study using the shape discrimination task. Collectively, the
outcomes suggest that cultural characteristics, when defined using a dynamic multilevel framework,
can operate differentially on VPL processes as it is context- and task-dependent. The findings serve as
an intriguing foundation for research in the interdisciplinary domain of culture and cognition. Future
studies could employ neuroscientific methods and alternative micro and macro level features that
better represent cultural characteristics within varying psychological domains. Research on diversity
in learning offers novel insights into the dynamic multilevel nature of culture, which can be translated
into real-world training paradigms.
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COVID-19 Impact Statement

This statement outlines the changes to the thesis due to the measures implemented for the
COVID-19 pandemic (see Appendix B for extension approval). The lack of access to international
participants and the proximity required for laboratory studies that violate government restrictions
were the key barriers to continuing the electroencephalogram (EEG) study planned for the present
thesis. In its place, the research direction was expanded to investigate the unitisation mechanism of
VPL. The initial research plan for the disrupted EEG study will be discussed below, followed by the

justification for subsequent amendments to the research direction in this thesis.

The present thesis aimed to investigate cultural differences in visual perceptual learning
(VPL). A multilevel framework was used to define culture at an individual (micro) and group (macro)
level. Specifically, independence-interdependence self-construal (Ishii, 2013; Singelis, 1994; Vignoles
et al., 2016) — representing the individual level, and individualism-collectivism cultural systems
(Hofstede, 1980, 2001, 2011) — representing the group level, have been associated with variations in
cognitive styles (see Chapter 1 for complete literature review). Accordingly, the Glass (1969) pattern
discrimination task was employed to investigate if learning trajectories would diverge due to cultural
differences in analytic and holistic thinking styles (Choi et al., 2007). Participants were trained to
discriminate global forms embedded in noise, and the outcomes of these studies presented an
interesting avenue for further research using an EEG methodology. Indeed, to supplement the
behavioural evidence observed (see Chapters 3 and 4), an EEG study was designed and piloted to
investigate the time course of VPL when people from different cultures learned to discriminate

global forms despite perceptual uncertainties.

The psychophysiological underpinnings of cultural differences in VPL remains a relatively
unexplored domain despite the recognition of how exposure to different cultural systems can shape

attentional processes and influence VPL (Shkurko, 2020). Therefore, the proposed EEG research
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methodology would reconcile the discourse around the time course of VPL within a cross-cultural
context. The conjoint use of EEG and the Glass (1969) pattern discrimination task could reveal
cultural differences in the temporal dynamics of global shape processing during VPL. Behavioural
measures typically reflect the outcome of an array of computational processes, while the sensitivity
of neural measures will facilitate the isolation of these processes to reveal the time course in which
cultural variations operate on VPL processes (Chiao et al., 2013; Kwon et al., 2021; Rule et al., 2013).
However, as mentioned earlier, the restrictions relating to the COVID-19 pandemic disrupted data
collection for the EEG study. In its place, Chapter 6 presents a series of three mini pilot studies
designed to explore the experimental design for an EEG study investigating cross-cultural differences
in VPL. Besides that, an examination into the unitisation mechanism of VPL (Goldstone, 1998, 2000)

was assimilated into the existing research project (see Chapter 5).

The unitisation mechanism of VPL was incorporated into the present thesis to ensure
continuity as it could also be examined using the same multilevel cultural framework (see Chapter
6). Indeed, the symbol sequence learning task (Wang et al., 2017), which engages global processing
like the Glass (1969) pattern discrimination task, was used to investigate how people from different
cultures learn despite the global precedence effect (Mills & Dodd, 2014). However, unlike the Glass
(1969) pattern discrimination task which implicates the differentiation mechanism of VPL, the
sequence learning task implicates the unitisation mechanism. Unitisation describes the integration
of complex sequences into a singular unitised representation following training (Goldstone, 1998,
2000; Liang et al., 2020). Therefore, instead of distinguishing patterns embedded in noise,
participants learned to construct perceptual wholes from a complex configuration of events in the

online sequence learning task (Wang et al., 2017).

The online implementation of the experiment negates the barriers and restrictions caused
by the pandemic whilst also providing an alternative direction for investigating cultural differences in

VPL. Notably, this change in research direction provides a deeper insight into the mechanisms of VPL
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within a cross-cultural context. Taken together, due to the disruption caused by COVID-19
restrictions, this thesis presents an examination into two distinct mechanisms of VPL (differentiation
and unitisation). To this end, two learning tasks were employed to identify if cultural differences in
VPL would manifest differentially despite the common global advantage that people across the
world may exhibit (global precedence hypothesis; Mills & Dodd, 2014). The importance of the
present research and future directions, such as the use of EEG and functional magnetic resonance

imaging (fMRI), will be discussed in Chapter 7.
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Chapter 1: Literature Review

The present thesis aims to investigate cross-cultural differences in visual perceptual learning
(VPL) using a multilevel cultural framework. Accordingly, this chapter presents an overview of
existing research on VPL and culture. The literature review begins with an introduction to VPL. This
section outlines the features and mechanisms of VPL and how it can vary as a function of individual
differences. Following this, the second section reviews previous operationalisations and
conceptualisations of culture at macro and micro levels. The third section then evaluates existing
research on the influence of culture on cognition and behaviour. The literature review will culminate
in a proposal for an interdisciplinary research project that integrates knowledge from the fields of
VPL and culture. The final section of this chapter outlines the research plan, justification, and

importance of the present thesis in examining cross-cultural differences in VPL.

1.1 Visual Perceptual Learning

VPL represents the acquisition of visual skills through training on task-relevant features,
subsequently allowing individuals to perform an initially difficult task more accurately (Sagi, 2011;
Song et al., 2007; Watanabe & Sasaki, 2015). The mastery of a perceptual skill typically begins with a
chaotic search amongst the information variables within a visual scene (Runeson & Andersson,
2007). Indeed, an abundance of informational variables are available in the environment that vary in
their degrees of usefulness (Gibson, 1963, 1969; Gibson & Gibson, 1955). As such, our visual systems
must routinely filter through an abundance of sensory information to ensure attention is efficiently
allocated to pertinent information in the visual field during learning (Qu et al., 2017). Attentional
mechanisms thus play an essential role in regulating information overload by rapidly prioritising and
selecting information that can subsequently inform VPL trajectories. Alternatively, individuals can
also enhance their perceptual skills and environmental perceptions by learning to rely on more
useful visual cues or variables through the education of attention or training (Jacobs et al., 2011; Lu

et al,, 2011; Rop & Withagen, 2014; van der Kamp et al., 2013).
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During training, individuals learn to attend to the key visual features for interpreting a scene
while ignoring ambiguous information (Dosher & Lu, 2017; Gerlach & Starrfelt, 2018; Liu & Luo,
2019; Mayhew et al., 2012; Mollon et al., 2017). Accordingly, the increase in perceptual experience
through error feedback or repeated exposure during VPL can shift attention from nonspecifying
variables in the visual scene to more specifying variables (Jacobs et al., 2011; van der Kamp et al.,
2013). Here, specifying variables refer to the useful elements of the visual property which facilitates
accurate perception, whereas nonspecifying variables are ambiguous information that may result in
inaccurate perceptual judgements. Practice and training can thus allow individuals to identify useful
specifying variables while ignoring nonspecifying ones to improve visual performance. Indeed, there
is extensive literature on how VPL allows the visual system to spatially focus attention on the most
pertinent elements of an informationally dense visual field (Rop & Withagen, 2014). The effects of
VPL have been observed in single feature discrimination tasks (e.g., orientation, colour, phase,
spatial acuity), pattern discrimination tasks (e.g., textures, depth, motion), as well as in object or
feature identification tasks (e.g., Casey & Sowden, 2012; Dosher et al., 2010; Dosher & Lu, 2017;
Frangou et al., 2019; Mayhew et al., 2012). Notably, the means by which VPL occurs can be

summarised by the differentiation or unitisation mechanisms (Goldstone, 1998, 2000).

1.1.1 The Differentiation and Unitisation Mechanisms of Visual Perceptual Learning

According to Goldstone (1998, 2001), perceptual learning can occur through differentiation
and unitisation mechanisms. The differentiation mechanism allows individuals to distinguish
seemingly identical stimuli easily via training. Specifically, individuals can learn to extract distinctive
stimuli features while ignoring irrelevant contextual information to enable efficient discrimination of
stimuli (Angulo et al., 2019; Gibson, 1969; Hall, 2016; Lachmann & van Leeuwen, 2008). In contrast,
through a unitisation process, tasks that initially required the detection of several parts can be
accomplished by detecting a single unit from a complex configuration or sequence (Goldstone, 1998,

2000; Liang et al., 2020). At an abstract level, both the differentiation and unitisation mechanisms
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may present commonalities depending on the requirements of tasks and stimuli (Hall, 2021;
Landers, 2020). Individuals can learn to differentiate and decompose perceptual wholes into parts if
there are independent sources of variations in the visual objects, whereas learning through
unitisation can occur by consolidating and integrating frequently occurring parts into a perceptual
whole. Both mechanisms thus involve specific featural descriptions of objects and conjunctions of
features, although variations in tasks and stimuli may elicit different mechanisms (Goldstone, 1998,

2000; Hall, 2021).

Differentiation. When VPL occurs through a differentiation process, perceivers learn to
attend to the informational specifying variables in the visual scene while ignoring ambiguous
contextual variables (Gibson, 1963, 1969; Gibson & Gibson, 1955). Indeed, VPL strengthens the
appropriate visual channels that aid in categorisation while pruning or reducing inputs from
irrelevant channels (Dosher & Lu, 1998). As mentioned above, human visual systems are frequently
exposed to an abundance of sensory information (Qu et al., 2017). Therefore, the differentiation
process can support the process of categorisation based on specific visual features or dimensions,
particular during the perception of complex visual objects or scenes (Angulo et al., 2019; Goldstone,
1998, 2000; Lachmann & van Leeuwen, 2008). For example, Mayhew et al. (2012) identified an
increase in sensitivity to global forms embedded in noise following several training sessions. VPL in
the Glass (1969) pattern discrimination task allowed observers to make accurate categorical
judgements of radial and concentric patterns despite the perceptual uncertainties induced by the
noise. The behavioural evidence of VPL reported in Mayhew et al.’s (2012) study was further
associated with neural activation changes in brain regions linked to the recognition of global forms.
It thus appears that training facilitates experience-dependent changes in categorical decision
processes due to shifts in participants’ internal categorisation criteria (Mayhew et al., 2012).
Specifically, VPL can occur through training whereby the perceiver learns to detect, differentiate,

and categorise objects and properties with discriminable features (Dosher & Lu, 2017).
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Unitisation. In contrast to the differentiation mechanism that delineates objects into distinct
parts, unitisation integrates separate parts into perceptual wholes (Goldstone, 1998, 2001).
Unitisation involves the “chunking” of features through the learning of complex configurations that
can subsequently be accessed as a complete functional unit (Goldstone, 1998, 2000). In examining
the effects of unitisation, Laberge (1973) reported that observers responded more quickly to letters
compared to letter like controls; however, this difference was attenuated through practice as
observers became more acquainted with the unfamiliar stimuli. It was proposed that the frequent
and consistent presentation of unfamiliar stimuli during training became processed as a single
functional unit, thereby improving the observers’ reaction times in detecting the target stimuli. To
explain these findings, Mozer et al. (1992) proposed a neural network whereby visual parts that co-
occur in a patterned manner become bound together by synchronising neurons into configural units.
Specifically, repeated exposure to a series of stimuli during perceptual learning results in a configural
representation of single parts into an integrated functioning unit. Consequently, activating single
units in the neural network is enough to trigger the reproduction of the entire sequence of
perceptual features. Indeed, this unitisation process whereby conjunctions of stimulus features are
combined and perceived as a functional unit following training has been extensively examined (e.g.,
Czerwinski et al., 1992; Liang et al., 2020; Shiffrin & Lightfoot, 1997; Smyth & Naveh-Benjamin, 2018;
Wenger & Rhoten, 2020). The process of unitisation observed in these studies demonstrates that the
human brain can extract structure from a stream of events following VPL. It can identify spatial and
temporal regularities — allowing one to learn the contingencies and patterns of co-occurring stimuli

through repetition and associative pairings (Wang et al., 2017).

1.1.2 Visual Hierarchies and its Impact on Visual Perceptual Learning Processes

The differentiation and unitisation mechanisms of VPL demonstrate how complex visual
scenes or configurations can be understood or perceived efficiently within various tasks and contexts

(Goldstone, 2000; Hall, 2021; Landers, 2020; Schyns et al., 1998). At the core of these mechanisms,
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attention drives the selection of relevant sensory information to assist perceptual learning, while
perceptual training can help reduce or overcome the limitations of attention (Dosher et al., 2010;
Dosher & Lu, 2017). It is thus difficult to detach perceptual learning processes from attentional
processes as the focus of attention is often needed to establish relevant sensory representations and
mediate learning (Ahissar & Hochstein, 1993, 1997, 2004; Dosher et al., 2010; Goldstone, 1998).
However, there is contradictory evidence of where learning occurs in the visual hierarchy (Maniglia
& Seitz, 2018; Wang et al., 2016). Two notable but contradictory theories illustrate the process in
which VPL can occur: the classic view of visual hierarchy (Hubel & Wiesel, 1968) and the reverse

hierarchy theory (RHT; Ahissar & Hochstein, 1997).

According to the traditional and classic view of visual hierarchy, information processing
during VPL is implicit and hierarchical: neuronal cells of lower areas (V1, V2) first receive visual input
consisting of basic visual features such as a distinct colour or orientation (Hubel & Wiesel, 1968). The
primary visual cortex (V1) neurons have small receptive fields that specialise in spatial frequency and
orientation. These visual features are subsequently integrated and processed in higher cortical levels
(V3, V4), resulting in a generalised spatial parameter representing global features and categories.
Therefore, visual percepts are assumed to emerge from local elements integrating to form more
global shapes in a bottom-up manner (Tanskanen et al., 2008). Consequently, learning-induced
visual improvements are often location-, feature- and orientation-specific as processing begins at the
lower levels of the visual cortex; this matches the fine spatial retinotopy characteristic of the lower

visual areas (Fahle, 2005; Schoups et al., 1995).

In support of the learning specificity following training, Qu et al. (2017) reported evidence of
bottom-up attention towards nonsalient task-irrelevant geometric shapes following VPL. Their
findings suggest that extensive training supports the detection of specific learned features even in
the absence of perceptual awareness or task relevancy. The effects of VPL in this context then

persisted and remained stable over months, suggesting the formation of a new cortical circuit to
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mediate learning effects (Qu et al., 2017). Collectively, the classic view of visual hierarchy suggests
that information processing during VPL begins with the detection of simple features to derive higher-
level percepts. However, despite our ability to rapidly capture and process visual scene categories,
humans also have paradoxical initial blindness to the finer details of the scene, which contradicts the
classical view (Hochstein & Ahissar, 2002). Ahissar and Hochstein (1997) have thus argued that
information processing during VPL may instead begin at higher cortical levels that are associated

with spatial generalisation.

The RHT describes a visual perceptual process that follows the classic visual hierarchical
pathway in the reverse direction (Ahissar & Hochstein, 1997). Attentional mechanisms mediate
learning by selecting relevant neural populations and increasing their functional weights in a top-
down guided process (Ahissar & Hochstein, 2004; Reavis et al., 2018). Therefore, high-level learning
must precede low-level learning, cascading from high cortical levels to low cortical levels, as it
enables the backward search process based on task-specific goals or prior knowledge (Ahissar &
Hochstein, 2004). Indeed, when explicit perception begins at the high-level visual cortex, attention is
diffused within a larger receptive field due to an approximate integration of low-level visual input.
Detailed information is subsequently integrated into later vision through feedback connections as
explicit visual perception proceeds to lower-cortical areas in a top-down fashion. VPL thus occurs
when these top to bottom level modifications guide and enhance the perception of task-relevant
information while pruning irrelevant details (Ahissar & Hochstein, 2004). Taken together, the RHT
provides an alternative account for VPL which occurs in a reverse hierarchical nature, thereby
allowing the generalisation of learning from easy to more complex tasks (Ahissar & Hochstein, 2004;
Asher et al., 2019; Ding et al., 2003; Hochstein & Ahissar, 2002; Tan et al., 2019). Notably, the RHT
supports the notion that people prioritise global perception without the conscious processing of
individual elements to form a perceptual whole (Ahissar & Hochstein, 2004). This concept also aligns
with the global precedence effect (GPE) that stipulates how global analysis is often prioritised over

more fine-grained local analysis (Mills & Dodd, 2014; Navon, 1977; Rezvani et al., 2020).
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The GPE describes people’s tendency to exhibit increased sensitivity to global information
(e.g., Cenék et al., 2020; Chamberlain et al., 2017; Hakim et al., 2017). Although visual scenes
typically contain both global and local information, people exhibit an attentional bias to global
features during the early stages of visual information processing due to the GPE (Lao et al., 2013).
However, the prevailing influence of individual and cultural differences may attenuate or strengthen
this global advantage. For example, Navon (1977) figures have been applied extensively in research
investigating the GPE as it can incite preferential attention towards the global or local elements of
these figures (Kilhnen & Oyserman, 2002; Lao et al., 2013; McKone et al., 2010; Navon, 1977; Yang
et al., 2019). McKone et al. (2010) found that East Asians had faster responses to global target letters
in the Navon stimuli, thus revealing a global advantage amongst East Asians. In contrast, Davidoff et
al. (2008) and Caparos et al. (2012) found a strong local bias amongst remote Rwandan and
Namibian African populations in this task, thereby challenging the universality of the GPE. However,
Hakim et al. (2017) reported no compelling evidence of cultural differences in the Navon task. Eye-
tracking studies have also disputed evidence of cultural differences in directing attention towards
global information (Evans et al., 2009; Miellet et al., 2010). Further research is thus needed to
examine the perceptual and attentional bias that manifests differently across individuals and
cultures under varying task conditions and environments. Research on the RHT and the GPE could
present compelling evidence of differences in VPL trajectories, especially if these differences

manifest despite the common global advantage people exhibit during initial perception.

1.1.3 The Role of Individual Differences in Visual Perceptual Learning Abilities

Research has evidenced considerable individual differences in perceptual learning
trajectories and abilities in detecting specifying variables (Rop & Withagen, 2014; Withagen &
Caljouw, 2011; Withagen & van Wermeskerken, 2009). For instance, Rop and Withagen (2014)
reported variations in perceptual learning trajectories across individuals and learning environments.

Participants utilised feedback in easy environments but not challenging ones, and performance
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diverged when errors were harder to detect. Therefore, while some observers are more proficient at
detecting specifying variables, some may not possess the same quality and are less receptive to
feedback (Menger & Withagen, 2009). Indeed, although the provision of feedback during training
could guide observers through the perception of different informational variables, only some will
eventually recognize useful specifying information that can subsequently improve performance
(Muller-Gass et al., 2019; Withagen & Caljouw, 2011; Withagen & van Wermeskerken, 2009).
Individual variations in perceptual systems and their impact on the detection of informational
variables should thus be considered when examining the differences in VPL processes. It is essential
to consider how these variations can develop from a range of interacting factors such as biology,
genetic specifications, and environmental influences (de-Wit & Wagemans, 2015; van der Kamp et

al., 2013; Withagen & van Wermeskerken, 2009).

Our visual and perceptual systems construct meaning from the environment by making
inferences based on previous visual experiences, biases, expectations, knowledge, and assumptions
(de-Wit & Wagemans, 2015; van der Kamp et al., 2013). Individual variations in cognition, learning
capacities, and feedback responses are dynamic and can grow, develop, or change over the lifetime
(e.g., Menger & Withagen, 2009; van der Kamp et al., 2013; Withagen & van Wermeskerken, 2009).
For example, learned abilities and learning capacities could decline with age (Withagen & Caljouw,
2011). Additionally, differences in perceptual experience as represented by age have also influenced
susceptibility to visual illusions (Brosvic et al., 2002; Doherty et al., 2008). Doherty et al. (2010)
observed that children below the ages of 7 were less affected by misleading contextual information
in the Ebbinghaus illusion. In contrast, adults exhibited greater context sensitivity and were more
susceptible to this size perception illusion. These differences in susceptibility to illusions across age
groups indicate an intra-individual variability in perception (de Wit et al., 2015). Specifically, the
inability of an observer to detect or exploit an optical variable could be attributed to individual
differences in perceptual experience or attentional propensity. Perceptual abilities evolve and vary

in their degrees of adaptiveness to ensure the usefulness of detected information in the observers’
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environments (Withagen & Chemero, 2009). Sociocultural environments thus play a significant role
in shaping perceptual systems that allow one to strive in their lived environments (Proulx et al.,

2016; Schriber & Guyer, 2016).

Individual differences, experiences, and the environment can influence the development of
the perceptual system and VPL processes (Ramey et al., 2019). Exploratory and participatory
behaviours in a social environment allow people to develop perceptual abilities to act appropriately
in their environments (Goldfield, 1995). Therefore, perception reflects a mental representation of
the environment, and experience can significantly benefit visual systems and attentional
deployment (Awh et al., 2012; Pollmann, 2019). Indeed, as the human brain develops throughout a
person’s lifespan, it is susceptible to the effects of experience, social contexts, and sociocultural
environments (Fuhrmann et al., 2015; Kilford et al., 2016; Schriber & Guyer, 2016). Goh et al. (2007)
postulated that cultural immersion could regulate perceptual systems to adapt to distinct
environments over the years. It is thus estimated that cultural influences could also underlie VPL
differences. However, there is a lack of research in this domain. Hence, there is a great theoretical

interest in examining the impact of culture on VPL mechanisms and why these differences may arise.

1.2 Defining Culture as a Dynamic Multilevel Framework

The prominence of the interdisciplinary area of social and cognitive psychology warrants
diverse research methods and measures to illustrate an accurate and systematic representation of
dynamic cultural influences on psychological processes such as VPL. For example, cultural influences
on cognition and behaviour have been characterised using constructs such as individualism-
collectivism, independence-interdependence, and analytic-holistic thinking styles (e.g., Choi et al.,
2007; Kanagawa et al., 2001; Koo et al., 2018; Masuda et al., 2008; Nisbett et al., 2001; Oyserman et
al., 2002; Oyserman & Lee, 2008; Senzaki et al., 2014; Yu et al., 2021). Therefore, the following

section will examine existing approaches and measures for conceptualising cultural differences. The
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literature review will define macro and micro levels of culture, and how integrating both systems

could inform a multilevel framework to explain cross-cultural differences in cognition and behaviour.

1.2.1 Definition of Culture

There are many ways to define culture (Cohen & Kitayama, 2020; Markus & Hamedani,
2019). Within the context of the present thesis, culture will be defined as a collective set of
knowledge, experiences, identities, beliefs, and values that can distinguish one group of people from
another (Hofstede, 1980, 2001; Leung & van de Vijver, 2008). The antecedents of cultural
manifestations and adaptations can be attributed to ecological, environmental, and sociopolitical
contexts (Berry et al., 2002; Markus & Hamedani, 2019). Indeed, culture is an outcome of physical
environments and historical events that have shaped languages, religions, occupations, and social
conditions (Han et al., 2019b). Berry and colleagues (2002) further stipulated culture as an evolving
system that adapts according to ecological and sociopolitical upheavals. Consequently, social
interactions and interactions with the environment contribute to the construction and maintenance
of shared values, ideologies, and beliefs within a society (Greenfield, 2013, 2018). Cultural traditions
are thereby passed down from one generation to the next through these socialisation processes to
inform the languages that people speak, the behaviours that help people to adapt to their
environments, and the attitudes and values that inform how people think and behave (Cohen &
Kitayama, 2020; Freeman et al., 2009; Gintis, 2007; Nguyen-Phuong-Mai, 2017). To account for the
transfer of cultural values, knowledge, and ideologies, Erez and Gati (2004) described culture as a
nested structure. Cultural systems can be conceptualised into macro and micro levels that range
from the macro level of a global culture (Caprar et al., 2015), down to the micro individual level as
represented by personal attributes and self-concepts (Markus & Kitayama, 1991, 2010; Motti-

Stefanidi, 2018; Na et al., 2020).
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1.2.2 The Macro System

At the macro level, a socially constructed ideology creates a shared meaning system that
informs behavioural patterns and dispositions (Caprar et al., 2015; Greenfield et al., 2003; Kitayama
& Park, 2010). Accordingly, the differentiation of societies based on broad cultural dimensions
provides a means of generalising the values, behaviours, and characteristics that make a culture
unique. For instance, Asian cultures such as those of China, Korea, or Japan are often grouped under
the umbrella of neo-Confucianism heritage which values collective harmony and interdependence
(de Vliert et al., 2013; Hong & Chiu, 2001; Wu et al., 2018). In contrast, Western European or North
American cultures are circumscribed by political systems (Ezcurra, 2021) and Judeo-Christian cultural
traditions that emphasise individualism and independence (Hofstede, 1980, 2001, 2011; MacDonald,
2018). Therefore, a macro level approach in cultural research offers a collective insight into our

understanding of cognition and behaviours across different cultures.

Geographical classifications represent a fundamental method of cultural classification at the
macro level (Van De Vijver & Leung, 2000). Indeed, although country level analyses represent the
lowest entropy of classification, it can contribute interesting insight into our understanding of
culture. For instance, ecological and socio-political factors influence the cultural systems of society
(Gelfand et al., 2017; Kitayama et al., 2019). The ecological and historical foundations of culture are
governed by factors such as pathogen exposure (Fincher et al., 2008; Rotella et al., 2021; Thomson
et al., 2018), climate (de Vliert et al., 2013; Vliert, 2013), societal threats (Gelfand et al., 2011),
genetic dispositions (Chiao & Blizinsky, 2010; Minkov et al., 2015), religion, mode of subsistence
(Talhelm et al., 2014), and cognitive differentiation (Gelfand et al., 2017). Collectively, these factors
can contribute to unique cultural systems at a national level resulting in the cognitive and
behavioural differences between nations (Van De Vijver & Leung, 2000). However, broad

geographical classifications based on country boundaries may be reductive and detract from
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meaningful research data as it does not account for the shared value and system variations that

could be characteristic of different nations (Khan et al., 2017).

Increases in wealth and technological advancements have resulted in cultural shifts around
the world (Greenfield, 2009; Hamamura, 2012; Inglehart & Baker, 2000; Muthukrishna & Schaller,
2020; Schaller & Muthukrishna, 2021; Sheetal & Savani, 2021; Votruba & Kwan, 2018; Wang et al.,
2017; Wang & Brockmeier, 2002; Zhou et al., 2018). The convergence of cultural values and shared
norms across different societies in response to rapid globalisation and migration has diminished the
effectiveness of geographical classification as a means of differentiating cultural groups. Therefore,
cultural distinctions should not be limited to nationalities but rather be inclusive of collectives who
are bound by the same cultural experience and environment (Cohen, 2009). These within-country
variations have been reported in numerous studies: People from Hokkaido, a small island in Japan,
are more independent and analytic than people from mainland Japan (Hamamura & Takemura,
2018; Kitayama et al., 2006; Yamawaki, 2012); Eastern and Western Europeans also exhibited a
similar pattern of observations (Kiihnen & Oyserman, 2002; Varnum et al., 2008, 2010; Vignoles et
al., 2016), although Western Europeans were still more interdependent and holistic than North
Americans (Kitayama et al., 2009). Besides that, southern Italians were more interdependent than
northern ltalians (Knight & Nisbett, 2007), as were Chinese rice-farmers in the north of the Ningxia
province compared to wheat-farmers in the south of the province due to the differences in their
means of subsistence (Dong et al., 2019; Talhelm et al., 2014). Similarly, Turkish farmers and
fishermen were more holistic than Turkish herders as their work required cooperation, while herders
typically work and make decisions independently (Uskul et al., 2008). Collectively, the within-country
variations in cultural adherence suggest the importance of considering the shared values, norms,
and characteristics that can better define cultural groups. Therefore, expanding research beyond
geographical boundaries could be advantageous for improving generalisation. It is essential to

consider other determinants such as age, gender, ethnicity, and socioeconomic status (SES) that
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impact the cultural systems within a country (Boer et al., 2018; Brewer & Venaik, 2011, 2012; Han et

al., 2019; Lawrence et al., 2020; Na et al., 2020; Poirel et al., 2008; Vandello & Cohen, 1999).

The application of cultural taxonomies was introduced to circumvent the limitation of
geographical classifications and allow for better generalisations of cultural group characteristics at
the macro level (Daniels & Greguras, 2014). Hofstede (1980, 2001, 2011) identified six dimensions,
specifically within organisational contexts, to explain the observed psychological differences
between cultures. These dimensions are power distance, individualism-collectivism, masculinity-
femininity, uncertainty avoidance, long-term-short-term orientation (pragmatic vs normative), and
indulgence restraint. Hofstede’s (1980, 2001, 2011) organisation of culture into overarching
dimensions has facilitated an expansion of comparative research on culture and its influence on
biology, behaviours, and cognition (Oyserman et al., 2002). Indeed, since the publication of
Hofstede’s (1980) influential analysis of cultural frames, the individualism-collectivism dimension is
arguably the most well-received amongst the six proposed dimensions (Hofstede, 2011; Schimmack
et al., 2005; Sent & Kroese, 2020; Stump & Gong, 2020; Wong, 2001). The individualism-collectivism
constructs have been frequently used in cross-cultural research to explore differences in cognition
and behaviours (e.g., Choi et al., 2007; Kanagawa et al., 2001; Koo et al., 2018; Masuda et al., 2008;
Nisbett et al., 2001; Oyserman et al., 2002; Oyserman & Lee, 2008; Senzaki et al., 2014; Yu et al.,
2021). Individualism represents a worldview that centralises the individual, including personal goals,
uniqueness, and personal control (Schimmack et al., 2005). In contrast, collectivism represents a
worldview that attempts to unify several different levels of referent groups (i.e., family, ethnic, or
religious groups) within attitudes, beliefs, and behaviours. Prioritising group goals and maintaining
harmonious relationships are thus characteristic of collectivistic societies (Hofstede, 1980, 2001,
2011). Notably, these culturally informed macro features and worldviews have been proposed to

shape cognitive styles, cultural orientations, and self-systems (Koo et al., 2018).
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Tsai et al. (2006) advocated the classification of cultures on continuous dimensions as the
basis of cross-cultural comparisons. Indeed, implementing value classifications in lieu of country
classifications allowed cross-cultural comparisons beyond physical geographical boundaries (Khan et
al., 2017). However, according to Gerhart and Fang (2005), Hofstede’s country-level cultural index
only explains two to four percent of individual-level variance. Therefore, it presents a theoretical
limitation as it cannot account for differences in individual behaviour, which is an important
consideration within cross-cultural research (Fischer, 2009; Minkov & Hofstede, 2014; Taras et al.,
2016). Furthermore, despite its widespread application, Hofstede’s (1980, 2001, 2011) model has
been criticised for its stringent conceptualisation of culture as a nation, as well as its limitation as a

static rather than dynamic construct (Gémez-Rey et al., 2016; Kirkman et al., 2006).

Culture is dynamic, and the manifestation of cultural patterns can change across time and
space (Beugelsdijk & Welzel, 2018; Singelis et al., 1995). The static characterisation of culture using
stable values like the individualism-collectivism construct does not account for the dynamic changes
in social processes that could occur within a society (Hong et al., 2000). Shifts in social, economic,
and structural developments could impact the cultural values that characterise a nation as well as
the individuals that make up the nation (Oyserman et al., 2002). Therefore, it is important to
consider individuality to gain a more holistic view of cultural variations (Dheer et al., 2014;
Greenfield, 2013, 2018; Harrington & Gelfand, 2014; Yamawaki, 2012). Research incorporating the
micro system of culture could contribute valuable insights in cross-cultural research as it considers

individual differences and the dynamic nature of culture.

1.2.3 The Micro System

Despite the utility of the individualism-collectivism dimensions for classifying societies using
a broad and generalised representation of macro cultural systems (Hofstede, 1980, 2001, 2011), it is
important to consider an individual level of analysis at the micro level. For instance, although an

individual may appear to be relatively collectivistic on one dimension, they may be more
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individualistic on other dimensions due to underlying factors that are not immediately apparent
(Hong & Chiu, 2001). Furthermore, although Hofstede’s (1980, 2001, 2011) national cultural index
was derived based on a national level unit of analysis, past research has identified significant cultural
differences even within smaller geographic areas (Caparos et al., 2020; Dong et al., 2019; Talhelm et
al., 2014; Tempelaar et al., 2012; Trémoliére et al., 2021). Indeed, the individualism and collectivism
dimensions of culture can be broken down into several conceptually distinct components such as
self-reliance or independence, self-direction, or individuality (Ho & Chiu, 1994). Vignoles et al.'s
(2016) multinational survey further identified seven distinct dimensions within the independent
(versus interdependent) construct, including characteristics such as self-containment, self-direction,
self-reliance, consistency, self-expression, and self-interest. Triandis (1995) also added vertical and
horizontal features to describe individual level variations in adherence to individualism or
collectivism within different contexts or situations (Lee & Choi, 2005). A common denominator in
these findings emerges: the prominence of the individual in cultural expressions. It is thus essential
to consider micro systems to gain a holistic understanding of the discrete components that interact

dynamically to inform macro cultural systems.

To supplement Hofstede’s (1980, 2001, 2011) individualism-collectivism dimensions which
were derived from a national level unit of analysis, horizontal and vertical orientations were used to
characterise the acceptance of hierarchies and power dynamics that exist within individualistic and
collectivistic societies (see Figure 1.1; Singelis et al., 1995; Triandis, 1995). The horizontal dimension
relates to the emphasis on equality, while the vertical dimension relates to the acceptance of
hierarchy and unequal distributions of power (Triandis, 1995; Triandis, 2012). The addition of the
horizontal and vertical dimensions thereby contributes to a four-category cultural classification
system that reflects within-culture and individual level variations in cultural orientations: vertical

individualist, vertical collectivist, horizontal individualist, and horizontal collectivist orientations.
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Figure 1.1

An lllustration of the Triandis’ (1995) Horizontal and Vertical Dimensions of Culture

Inequality

VERTICAL VERTICAL
Vertical INDIVIDUALISM COLLECTIVISM
(V1) (VC)

HORIZONTAL HORIZONTAL
Horizomtal INDIVIDUALISM COLLECTIVISM

(HI) (HC)

Equaliry

Note. Individuals with horizontal orientations value equality, whereas those with vertical

orientations value hierarchy and social standings.

Horizontal collectivism (HC). HC relates to the cultural dimension whereby individuals are
part of an integrated group where the collective interest is prioritised, and everyone is treated
equally. HC societies such as Brazil, some parts of Latin America, and the Israeli kibbutz value

interdependence and an egalitarian view of the community (Torelli & Shavitt, 2010).

Vertical collectivism (VC). VC orientations are associated with compliance and respect
towards authority figures within the social hierarchy (Triandis & Gelfand, 1998). As such, some
members within integrated VC societies possess more privilege and status than others. Therefore,
inequality is a norm and sacrificing self-interest for the benefit of the group is a characteristic of this
cultural orientation. Korea, Japan, and India are examples of VC societies that place authority figures

in high esteem, and group goals are prioritised over personal goals (Triandis & Gelfand, 1998).
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Horizontal individualism (HI). HI orientations describe independence and autonomy
amongst individuals who are generally at an equal status. For instance, HI societies such as Australia,
Sweden, and Norway exercise equality and value unique self-expression rather than competing to

increase personal status by surpassing others (Nelson & Shavitt, 2002).

Vertical individualism (VI). VI extends a similar concept of an individualistic and
autonomous self. However, there are hierarchical differences that make individuals differ in terms of
status and power. Competition and inequality are the norm in VI societies as individuals seek to
stand out and build their reputation through achievements and competitions (Torelli & Shavitt,
2010). The United States, United Kingdom (UK), and France are examples of VI societies where social

standings are highly valued (Triandis, 1995; Triandis & Gelfand, 1998).

The application of Triandis’ (1995) cultural typology presents a practical opportunity for
expanding cross-cultural research on biology, cognition, and behaviour from a micro level
perspective (e.g., Lee & Choi, 2005). For instance, Hispanic-Americans exhibit more HC values than
European Americans who exhibit more VI (Torelli et al., 2015; Torelli & Shavitt, 2010). Females have
also been reported to exhibit greater HC and decreased VI than males (Kurman & Sriram, 2002;
Lalwani & Shavitt, 2013; Nelson & Shavitt, 2002). Taken together, the horizontal and vertical
individualism-collectivism dimensions could facilitate an extension of cross-cultural findings to
within-culture or individual-level units of analysis. Considering individual level factors in cross-
cultural research could reveal the complex interaction of sociocultural variables that mediate the

observed differences in human psychological processes (Han & Humphreys, 2016).

Individual differences in a culturally constructed ‘self’ system can also regulate cognition and
behaviour (Flinkenflogel et al., 2019; Gelfand et al., 2017; Han & Humphreys, 2016). This
conceptualisation of the ‘self’ within a cultural domain has been illustrated by the independent and
interdependent self-construal constructs proposed by Markus and Kitayama (1991). Independent

and interdependent self-construals describe the perception, understanding, and interpretation of
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the self in relation to others (Markus & Kitayama, 1991; Triandis, 1989). Notably, these self-
construals have been characterised as an expression of individualism and collectivism at the
individual trait level (Fiske et al., 1998; Markus & Kitayama, 1991; Oyserman & Markus, 1993).
Accordingly, there are variations in how people from different cultural backgrounds conceptualise
themselves (Kiihnen & Oyserman, 2002; Park et al., 2016; Voyer & Franks, 2014). For instance,
individuals from Western cultures typically adopt independent self-concepts and perceive
themselves as unique, distinct, and autonomous over their personal choices. In contrast, individuals
of East Asian cultures typically embrace interdependent self-conceptualisations that are related to
fulfilling the expectations of others and meeting culturally inscribed standards (Markus & Kitayama,
1991). Consequently, behavioural manifestations and differences arise from these social concessions
in consideration of the needs and perspectives of close others (Ames & Fiske, 2010; Flinkenflogel et

al., 2019; Han, 2015; Kitayama & Park, 2014; Miyamoto et al., 2018; Park & Huang, 2010).

In summary, different representations of the self can inform cognition and behaviour under
varying circumstances, particularly if there is an apparent lack of differences at the macro level
(Verplanken et al., 2009). The self-system is intrinsically plural, flexible, and dynamic rather than
static and singular (Benet-Martinez et al., 2002; Gardner et al., 1999; Hong et al., 2000; Nguyen-
Phuong-Mai, 2017). It is thus difficult to pinpoint the exact cultural mechanisms or variables
responsible for regulating how people of different cultures think, feel, and act within different
contexts (Oyserman et al., 2002). Therefore, it is important to examine cultural differences at a
micro level beyond the differentiations defined by nationality or geographical boundaries. Indeed,
people can construe themselves in multiple ways, and an individual could possess both independent
and interdependent self-concepts in varying degrees (Verplanken et al., 2009). These cultural
meaning systems subsequently influence behaviours depending on the context as people often
adapt their attitudes and behaviours to suit the environment and subjective norms (Suh et al., 2008;

Trafimow & Finlay, 1996). Even at the individual level, cultural systems are represented by many
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complex dimensions that operate in a reciprocal and dynamic manner, allowing people to learn and

adapt to different contexts and situations.

1.2.4 A Dynamic Multilevel Framework of Culture: Combining the Macro and Micro Systems

Cultural systems on both micro and macro levels account for how individual members of
societies dynamically interact to influence global cultures and vice versa (Erez & Gati, 2004; Goodwin
et al., 2020; Khan et al., 2017; Kim & Sasaki, 2014; Motti-Stefanidi, 2018). Indeed, a dynamic
mechanism underlies these seemingly distinct levels of culture (Briley et al., 2014; Erez & Gati, 2004;
Motti-Stefanidi, 2018). For example, globalisation which operates at the macro level of culture could
impact the cultural norms and behaviours of individual members through top down-processes
(Beumer et al., 2018; Chen et al., 2020; Hong & Cheon, 2017; Vignoles et al., 2016; Wang et al.,
2017). Reciprocally, changes at the individual level could alter culturally shared norms and values of
a society through bottom-up processes. As such, a multilevel approach encompassing macro and
micro components of culture could offer substantial insight into the dynamic interactions between
the different levels of culture. An examination of these cultural systems can contribute to greater
theoretical knowledge of how culture facilitates psychological processes such as cognition and
behaviours (Ames & Fiske, 2010; Han, 2015; Kitayama & Park, 2010, 2014; Miyamoto et al., 2006;
van der Kamp et al., 2013; Xi et al., 2018). Furthermore, due to the continuous evolution of culture
across time and space, it is increasingly important to examine the dynamic processes and changes
that may drive the psychological variations observed between people of different cultural
backgrounds and sociocultural orientations under varying contexts and environments (Briley et al.,

2014; Erez & Gati, 2004; Hong et al., 2000; Sedikides et al., 2011; Xi et al., 2018).

A multilevel cultural model could provide a comprehensive explication of culture and predict
the societal trends that underlie cultural variations or universals (Gelfand et al., 2017). It should
encompass a system of measurements at both the macro and micro level to account for the variance

in values and norms that underlie cultural differences in cognition and behaviour (Imai et al., 2016;
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Imai & Masuda, 2013; Masuda et al., 2016; Masuda & Kitayama, 2004; Norenzayan et al., 2002).
Incorporating multiple levels of analysis will offer a global perspective on a seemingly culturally
dispersed world. The acceleration of globalisation has increased people’s contact and exposure to
cultures and values that differ from their own, thereby creating unified cultural experiences across
the globe (Han & Humphreys, 2016; Xi et al., 2018). However, widespread immigration and
globalisation have also contributed to a divergence in the physical, cognitive, and affective features
of social interactions that could further augment cultural differences in psychological processes (Imai
et al., 2016; Masuda et al., 2016; Wang et al., 2017). Therefore, considering the dynamicity of
culture within a multilevel framework is increasingly pertinent for characterising the changes that

occur at national (macro) and individual (micro) levels (Han & Humphreys, 2016).

To illustrate, although an individual may exhibit dominance in one cultural construct, it may
not remain stable under different circumstances (Suh et al., 2008). A spillover effect can occur
whereby activation spreads from one cultural construct to a network of other constructs in response
to culturally associated cues in the environment (Xi et al., 2018). These effects are particularly
evident amongst bicultural individuals who have multiple internalised cultural systems that guide
thoughts, feelings, and behaviours interchangeably in response to contextual cues (Benet-Martinez
et al,, 2002; Chen et al., 2022; Hong et al., 2000; Mok & Morris, 2012; Ng et al., 2010). Indeed, the
confluence of two seemingly opposed cultures over a long enough period can cultivate biculturalism
in values, languages, lifestyles, education, religion, and child-rearing practices. The internalisation of
a second culture becomes integrated alongside the individual’s original culture (Hong et al., 2000).
For example, Chinese Americans who have immigrated do not lose their cultural identity as they
acculturate to the mainstream culture; rather, their native Chinese identity remains differentially
accessible when activated by specific contexts or circumstances (Hong et al., 2001). Therefore,
cultural knowledge is not merely a static construct but a dynamic system consisting of latent
knowledge structures in the mind that can be made salient through environmental cues (Briley et al.,

2014; Hong et al., 2000; Xi et al., 2018).
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Since culture is a construct represented in the mind, a cognitive component has been
proposed to underlie the dynamic view of culture (Briley et al., 2014). Indeed, culture has been
described as a diffused network of diverse, but sometimes conflicting, knowledge structures that can
be activated or inhibited based on environmental or situational demands to influence cognition and
behaviour (Hong et al., 2001; Oyserman & Lee, 2008). The cognitive perspective is supported and
exemplified by two conceptual models: Oyserman and Sorensen’s (2009) situated cognition
approach and Hong and Chiu's (2001) dynamic-constructivist approach. These approaches account
for the broad application of dynamic models in cross-cultural research. Both offer insights into the
cultural characteristics which influence cognition and behaviour (Brewer & Gardner, 1996; Kiihnen &
Oyserman, 2002; Matsumoto & Kupperbusch, 2001; Mok & Morris, 2012; Ng et al., 2010; Wang et
al., 2013; Xi et al., 2018), thereby accounting for cultural interconnectedness and the complexities of

increasingly polyglot and pluralistic societies.

The Situated Cognition Approach. The situated cognition approach proposes cultural
syndromes to be a loosely defined network of beliefs and attitudes that exist in varying degrees in all
cultures (Oyserman & Sorensen, 2009). Situational and contextual factors regulate accessibilities to
these cultural syndromes — to the extent that individuals may think or act in ways that are
independent of the culture to which they belong in different contexts (Hagger et al., 2014; Hagger et
al., 2014). The ease of accessibility to cultural syndromes are also dependent on the frequency and
recency of its application (Briley et al., 2000, 2005; Briley & Wyer, 2002; Danziger & Ward, 2010).
Therefore, accessibility varies from person to person, and people may not always be aware of the
cultural influences that act upon their thoughts and behaviours as the processes underlying
automatic and implicit systems may differ from the processes governing conscious and explicit

systems (Corneille & Hutter, 2020; Ellis, 2005; Greenwald & Lai, 2020; Shoda et al., 2014).

The Dynamic-Constructivist Approach. The dynamic-constructivist theory is another

cognitively oriented approach that assumes culture to be an associative network of cultural norms,
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values and behaviours which can be accessed when the situation demands it (Chiu & Hong, 2006;
Hong & Chiu, 2001). Therefore, activating an individual’s cultural identity or an aspect of the culture
they represent can increase the accessibility of the associated network in memory to influence
cognitions and behaviours. Indeed, cultural syndromes can be accentuated or weakened depending
on the context (Hong & Chiu, 2001). Several cultural frame shifting techniques that can achieve this,
including exposure to cultural symbols or icons (Briley & Wyer, 2002; Chen et al., 2005; Hong et al.,
2000), priming using language for bicultural individuals (Briley et al., 2005; Ross et al., 2002),
describing similarities or differences between family and friends (Trafimow et al., 1991), and singular

or plural pronoun circling tasks (Brewer & Gardner, 1996; Gardner et al., 1999).

Taken together, the dynamic view of culture could reveal the context and circumstances in
which culture could manifest (Briley et al., 2014; Hong & Chiu, 2001; Oyserman & Sorensen, 2009).
Within an experimental context, the dynamic nature of culture can be investigated using priming or
cultural frame shifting techniques (Benet-Martinez et al., 2002; Flinkenflogel et al., 2019; Hong et al.,
2000). Priming methodologies operate under the premise that people can dynamically integrate or
dissociate from features of their cultures (Hong & Chiu, 2001; Oyserman & Sorensen, 2009). Since
contradictory cultural constructs cannot simultaneously guide processing (Xi et al., 2018), it is
assumed that these knowledge structures can be activated and accessed by cues such as language or
cultural icons (Hong et al., 2000). For example, interdependent self-construal priming has been
observed to facilitate attention to social context (Wang et al., 2013). Choi et al. (2016) also reported
that priming independent and interdependent self-construal amongst Western participants
enhanced analytic or holistic thinking styles. Response times for detecting contextual relative to
focal changes in a change-blindness task were halved for those primed with interdependence,
suggesting that interdependent self-construal is associated with context-dependent modes of
thinking that facilitate faster responses (Choi et al., 2016). However, regardless of the priming
manipulation, all participants were generally faster at identifying focal changes in the task, indicating

the prevailing tendency of analytic thinking amongst Westerners. The behavioural evidence
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observed at both the micro individual level (i.e., interdependence self-construal) and macro group
level (i.e., Westerners) thus supports the application of a dynamic and multilevel cultural framework.
Priming methodologies could provide a controlled examination of specific cognitive or behavioural

processes that are modulated by salient cultural values (Flinkenflogel et al., 2019; Han, 2015).

To summarise, cross-cultural research remains a relevant and essential field of inquiry. There
is a compelling need to examine the generalisability of existing theories that are typically
constructed from westernised contexts and perspectives (Gelfand et al., 2017). Accordingly,
integrating multiple investigative approaches in cultural research, such as priming or cultural frame
shifting techniques, is vital for providing a dynamic and universal insight into the influence of culture
on human psychological processes (Yamazakia & Kayes, 2010). Cultural theories and constructs
should be broadened to include cultural intersections when explaining cognitive and behavioural
differences within varying contexts and environments (Greenfield, 2018a; Kashima et al., 2019;
Kwon et al., 2021; Wang et al., 2017). Since the macro and micro systems of culture present
limitations when used independently, a combination of both systems will provide an extensive and

inclusive cultural framework for examining cross-cultural differences in VPL in the present thesis.

1.3 The Impact of Culture on Cognition and Behaviour

As mentioned previously (see Section 1.1.2), the basic and implicit process of perception
could be similar across individuals and societies as suggested by the RHT (Ahissar & Hochstein, 1997)
and the GPE (Mills & Dodd, 2014; Navon, 1977; Rezvani et al., 2020). However, individuals can still
acquire and engage in distinct perceptual inference habits depending on the cultural environments
and systems they are exposed to (Segall et al., 1963). Indeed, research has identified cross-cultural
differences in perception (Kastanakis & Voyer, 2014), attention (Ueda et al., 2018), memory (Alea &
Wang, 2015; Leger & Gutchess, 2021), and learning (Toyama & Yamazaki, 2018; Yamazakia & Kayes,
2010). The following section will integrate the discussion on cognition (see Section 1.1) and culture

(see Section 1.2) by reviewing existing literature on cultural differences in cognition and behaviour
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and the possible antecedents of this phenomenon. The knowledge and insights outlined within this

cultural domain will then be extended to a proposal of how it can impact VPL processes.

1.3.1 Cultural Differences in Cognition and Behaviour

Attention has been assumed to be a universal ability (Yoo et al., 2021). However, many
cross-cultural studies have reported differences in how people from different cultural backgrounds
direct attention (Correa-Chavez & Rogoff, 2009; Lufi et al., 2017; Rogoff et al., 1993). For one, the
pictographic nature of Chinese characters that includes multiple sets of strokes requires attention to
be directed at the entire character as focusing on a single stroke may be confusing (Lufi et al., 2017).
Besides that, Mayans tend to take in more information with roaming eyes like that of a
hummingbird’s flight pattern (Rogoff et al., 1993), while middle-class European Americans tend to
converge their attention to one event at a time (Correa-Chavez & Rogoff, 2009). These differences in
visual deployment were attributed to cultural differences in learning whereby children from Mayan
communities learn through observations and participation in multiple simultaneous events. In
contrast, children from western, educated, industrialised, rich, and democratic (WEIRD) cultural
backgrounds (Henrich et al., 2010a, 2010b) are typically taught in direct and didactic ways that
involve frequent refocusing of attention during learning (Shneidman & Woodward, 2016). Taken
together, differential cognitive and behavioural processes such as attention and perception can be

informed by sociocultural and environmental influences (Miyamoto et al., 2006).

Cultural differences in perceptual strategies and attentional propensity relate to an
unconscious and automatic inference process that has been constructed from a representation of
the world (e.g., Ames & Fiske, 2010; Flinkenflogel et al., 2019; Kitayama & Park, 2010, 2014;
Miyamoto et al., 2006; van der Kamp et al., 2013). For example, the differential allocation of
attentional resources across cultures can be attributed to differences in mode of subsistence and
work practices (Dong et al., 2019; Talhelm et al., 2014, 2018; Uskul et al., 2008). Herding which is

historically a prominent means of subsistence in Western cultures has been linked to independence
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and analytic thinking due to the self-reliant and solitary nature of this activity (Uskul et al., 2008).
Contrastingly, communal rice-farming practices, which were an essential means of subsistence in
East Asian cultures, fostered interdependence and holistic thinking styles due to the collaborative
needs of this activity (Talhelm et al., 2014). Within-nation variations further inform the observed
differences in attentional propensity; rice cultivation in China has been associated with a greater
sense of collectivism and interdependence due to the demand for reciprocal labour exchange
compared to wheat cultivation which is associated with individualism and independence (Dong et
al., 2019; Talhelm et al., 2014). Evidently, national level differences and psychological differences in
social orientation (independence versus interdependence) and cognitive styles (analytic versus
holistic thinking) can be attributed to historical determinants such as mode of subsistence, work
practices, and social cohesion. Specifically, individualism and independence in Western cultures have
been linked to more analytic thinking and an attentional bias toward focal and salient objects
(Masuda & Nisbett, 2006; Miyamoto et al., 2006). In contrast, collectivism and interdependence in
Eastern cultures have been linked to a bias toward contextual or background information and a

propensity for broader distributions of attention (Boduroglu et al., 2009; Ji et al., 2004).

As an illustration, Japanese participants have been observed to detect contextual changes
more rapidly than their American counterparts (Masuda & Nisbett, 2006). Chua et al. (2005) have
further reported attentional biases amongst Chinese participants who spent more time looking at
the background of a scene compared to Americans. These findings were attributed to the emphasis
on interdependent self-conceptualisations and interrelatedness in Chinese culture that encourages
sensitivity to contextual surroundings. Western independent self-construal have also been observed
to facilitate more attention towards one’s face (Sui et al., 2009; Sui & Han, 2007). Additionally, as
mentioned earlier, the priming of interdependent self-construal amongst Western participants could
induce changes in attentional patterns as reflected in faster reaction times (RTs; Choi et al., 2016).
Taken together, the individualism-collectivism and independence-interdependence constructs

prominent in Western and Eastern cultures represent unique cultural systems that impact
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attentional biases and behaviours (e.g., Kanagawa et al., 2001; Koo et al., 2018; Masuda et al., 2008;
Na et al., 2020; Nisbett et al., 2001; Oyserman & Sorensen, 2009; Senzaki et al., 2014; Yu et al.,

2021).

Despite the extensive evidence of observed cultural differences in attention and perception,
it is crucial to consider individual differences and situational contexts when making cultural
generalisations of cognition and behaviour. Indeed, internalised attentional patterns are dynamic as
people may activate different attentional patterns depending on the context, circumstance, or
environmental demands (Senzaki et al., 2014). As such, cultural differences may not always manifest
behaviourally. For instance, Rayner et al. (2009) have presented contradictory findings that raise
doubts about cultural influences on basic attentional and processing mechanisms. Other studies
have also reported an absence of any cultural influences on how people attend to a visual scene
(e.g., Evans et al., 2009; Hakim et al., 2017; Lawrence et al., 2020; Rayner et al., 2007), thereby
providing support for the GPE. However, cultural differences have been reflected in neural processes
in the absence of covert behavioural differences (Flinkenflogel et al., 2019; Kim & Sasaki, 2014; Lin et
al., 2008; Ng et al., 2010). Furthermore, there is compelling support for the dominant influence of
culture on cognition and behaviour (Han et al., 2013; Jiang et al., 2014; Kim & Sasaki, 2014; Varnum
et al., 2010, 2014; Yu et al., 2021). For example, the persistent effect of cultural differences in
attention has been observed in a study identifying the prevailing tendency for holistic processing and
broader distributions of attention amongst East Asians despite explicit instructions to ignore the
irrelevant contextual information (Amer et al., 2017). Therefore, the analytic and holistic systems of
thought were proposed to be a useful construct that can be used to efficiently define the attentional

and processing differences identified across cultures (Choi et al., 2007; Koo et al., 2018).

Analytic and holistic systems of thought relate to how contexts are considered in reasoning
and decision making (Na et al., 2020). Indeed, the analytic and holistic tendencies that people

adhere to could reflect an adaptation mechanism for people to strive within their lived
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environments. Holistic thinkers exhibit more diffused and global allocation of attentional resources,
prioritising relevant and irrelevant information to thoroughly understand the interrelatedness
between objects (Maddux & Yuki, 2006; Nisbett & Masuda, 2003; Spina et al., 2010). In contrast,
analytic thinkers exhibit more local attentional patterns directed towards focal objects and
categorise based on formalised rules (Nisbett et al., 2001). Notably, analytic and holistic thinking
styles map onto the attentional and perceptual differences across cultures and individuals discussed
earlier. Evidently, these cognitive styles serve as an explanatory construct for describing cultural

differences in various behavioural and cognitive processes.

Based on the examples discussed throughout this section, Western cultures have greater
affinities for analytic thinking while Asian cultures are typically more holistic (Choi et al., 2007; Koo
et al., 2018; Uskul et al., 2008). Furthermore, values of independence and individuality dominant in
Western cultures have been linked to a greater tendency for analytic thinking, while
interdependence and the emphasis on social relations in Asian cultures have been associated with
holistic thinking (Kitayama & Salvador, 2017; Nisbett et al., 2001). Taken together, the distinction
between analytic and holistic thinking styles can describe the locus of attention and the attentional
styles characteristic of individuals from different cultural backgrounds (Choi et al., 2016; Kim et al.,
2010; Masuda & Nisbett, 2006; Nisbett et al., 2001). However, culture is dynamic and evolves in
tandem with environmental demands and sociological shifts in society; this has a subsequent impact

on the value and belief systems that people hold (Wang et al., 2017).

Liu et al. (2017) presented compelling evidence on the impact of cultural immersion on
psychological processes. Immigrating to a new country with different social conventions necessitates
close engagement with the culture for one to “fit in’ and adapt to the new environment. As such, this
prolonged cultural immersion can impact neuropsychological functions and processes over time
(Derntl et al., 2009, 2012; Liu et al., 2017). Chinese immigrants’ behavioural responses during

emotion processing resembled North Americans rather than their native Chinese counterparts (Liu
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et al., 2017). The Chinese immigrants were more affected by to-be-ignored faces when trying to
identify voices, a behaviour replicated among North Americans, thus indicating a greater bias
towards faces over voices, consistent with the importance of eye contact in Western societies.
Interestingly, the Chinese immigrants’ neural responses did not match the behavioural findings, as
their neural activity more analogous to native Chinese participants from China. Nonetheless, longer
living durations in Canada were associated with greater similarities to the neural patterns of North
Americans, thus providing evidence that immersion and engagement to a new culture can result in

behavioural accommodations and alterations in brain responses.

In a similar domain, Athanasopoulos et al. (2010) also reported neural evidence of how
people can adapt to their lived environments. Individuals from Greece who lived in the United
Kingdom (UK) for a shorter period exhibited greater sensitivity to light and dark blue colour
distinctions unique to the Greek language. Interestingly, those who have stayed in the UK for more
prolonged durations did not exhibit this colour sensitivity, instead resembling the English
participants who were native to the UK. A dynamic transition appears to occur over time, initially
with behavioural adaptations followed by later modifications of neural processes underlying
cognitive processing at early perceptual and later semantic stages (Athanasopoulos et al., 2010; Liu
et al.,, 2017). This experience-dependent neuroplasticity represents a neural reorganisation that
follows from an accumulation of environmental inputs, cognitive demand, and behavioural
experiences (Holtmaat & Svoboda, 2009; Kleim & Jones, 2008). Taken together, Liu et al. (2017) and
Athanasopoulos et al.’s (2010) findings demonstrate the relative stability of perceptual learning as
people adapt to their lived environments. The extended immersion in the host culture allows people
to adapt and alter their native patterns of cognitive processing by learning to perceive more relevant

visual information in the host culture.
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1.3.2 Can Culture Influence Visual Perceptual Learning Processes?

Diversity in the environment contributes to individual and cultural differences in learning
trajectories, detection of information, and susceptibility to illusory biases (Danks & Rose, 2010;
Witkin & Berry, 1975). As discussed above (see Section 1.3.1), the informative variables in a
perceptual task can vary in utility to individuals who may selectively attend to preferred variables or
features during perception (Withagen, 2004). Consequently, individual and cultural differences in
perceptual and learning strategies could be revealed through the variations in which informational
variables are attended to (Davidoff et al., 2008; Jacobs et al., 2001; Markus & Kitayama, 2010). For
instance, individuals from different cultural groups could initially detect either local or global
informational variables consistent with the analytic or holistic processing styles prevalent in their
cultures (Li et al., 2018; Masuda et al., 2008; Nisbett et al., 2001). Accordingly, visual perceptual
training could subsequently reveal the distinct learning and information processing strategies that
exist between different cultural groups and provide an index of improvement as individuals learn to
shift their reliance on more useful informational variables in the given task (de Vries et al., 2015; Rop

& Withagen, 2014).

To this end, van der Kamp et al. (2013) examined cultural differences in VPL using an illusion
task where participants were instructed to estimate the midpoint of a straight line flanked by arrow-
like fin points. Mere repetitive exposure to the stimuli in the absence of feedback reduced the
illusory bias among Westerners. In contrast, East Asians were susceptible to the bias regardless of
the amount of practice. It was proposed that Westerners had better performance in this estimation
task due to their analytic thinking tendencies and propensity to ignore irrelevant contextual
information that caused the illusory bias. In contrast, East Asians were less flexible in changing their
use of informational variables to overcome the bias, likely due to their tendency for global and
holistic processing during perception. Clearly, cultural differences in information processing

strategies could impact the outcomes and trajectory of VPL. However, due to the novelty of research
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in this domain, further investigation using diverse methodologies are needed to examine how

culture can manifest differentially within varying task conditions.

Neuroscientific methods have presented key evidence of individual and cultural differences
in cognition and behaviour (Ambady & Bharucha, 2009; Chiao, 2018; Gutchess et al., 2006; Han &
Ma, 2014; Jenkins et al., 2010; Kwon et al., 2021; Rule et al., 2013). For example, the use of EEG and
the measurement of event-related potentials (ERPs) offer a valuable means of exploring the
electrocortical markers of VPL. Despite its spatial limits, ERPs which provide millisecond temporal
resolution can reveal the timeframe in which individuals allocate attention and process information
(Knyazev, 2013; Knyazev et al., 2018). As such, EEG studies have been monumental in identifying
when perceptual learning occurs (Ding et al., 2003; Shoji & Skrandies, 2006; Skrandees et al., 1996;

Song et al., 2007; Su et al., 2020; Zhen et al., 2018).

ERPs can reveal the electrophysiological evolutions and developments underlying
information processing (Meaux et al., 2014). For instance, in addition to behavioural improvements,
nonspecific decreases in N1 ERP amplitudes were reported following training in orientation
discrimination (Ding et al., 2003; Song et al., 2007). Decreases in the N1 component has been
proposed to reflect diminished attentional modulation following learning as less attention is
required when observers become increasingly learned in the given tasks (Schiltz et al., 1999).
Nonspecific N1 decrements generalised across stimuli conditions also suggested learning transfer
between differentially oriented stimuli (Ding et al., 2003; Song et al., 2007). Furthermore, Song et al.
(2007) also reported larger orientation specific P3 amplitudes following VPL. The component, which
peaks around 300 to 400 ms after stimulus onset, was proposed to reflect enhanced confidence
following training (Song et al., 2007; Wilkinson & Seales, 1978). Alternatively, target P3 amplitudes
have been associated with the allocation of resources for encoding and categorisation, whereby

larger amplitudes indicate a greater distribution of resources for difficult stimuli (Goto et al., 2010;
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Johnson, 1988; Lewis et al., 2008). Evidently, ERPs are robust indices of the neural processes

underlying VPL (Meaux et al., 2014).

ERPs have been also used to ascertain the stages of information processing influenced by
culture (Lewis et al., 2008). For instance, cultural differences have been observed at relatively early
stages of the perceptual processing stream as reflected in the P1 ERP component (Kitayama &
Murata, 2013; Lao et al.,, 2013; Lin et al., 2008; Petrova et al., 2013). Differences in the P1
component suggest that cultural influences operate on stimulus-driven attentional processes or low-
level perceptual processing streams (Kitayama & Murata, 2013). Indeed, the differences observed in
the early stages of processing indicate that individuals from different cultures fundamentally
perceive the world in different ways. However, contradictory evidence argues that cultural
influences manifest in later rather than earlier stages of perceptual processing as reflected in the P3
and N400 ERP components (Goto et al., 2010; Lewis et al., 2008; Na & Kitayama, 2011). Later stage
cognitive processing reflects a selective control of attention, whereby cultural influences may induce
greater demands for sustained attentional control in tasks that deviate from people’s dominant
processing styles (Hedden et al., 2008). Cumulatively, these findings provide important evidence on
the time course of processing strategies that differ between cultures. Since attentional modulation is
linked to perceptual learning processes (Gilbert et al., 2001), the studies presented above are thus
important precedents for an examination into the neural processes underlying cultural differences in
VPL. Specifically, the ERP components identified could reveal the stages at which culturally
influenced neural activity may manifest when people of different cultural backgrounds initially
perceive stimuli and subsequently make perceptual judgements (Kitayama & Murata, 2013; Lewis et

al., 2008; Rule et al., 2013).

Research examining the behavioural characteristics of VPL and its corresponding neural
mechanisms provide an insight into the physiological changes that may arise due to perceptual

plasticity in response to different sociocultural environments (Knyazev et al., 2018). Using an EEG-
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fMRI paradigm for the Glass (1969) pattern discrimination task, Mayhew et al. (2012) identified two
distinct task-relevant temporal components resulting from behavioural improvements after training
at 105 £ 16.1 ms poststimulus and 242 + 19.2 ms poststimulus. These components are of interest as
they reflect distinct processes whereby differential responses to global forms at the earlier latencies
has been linked to visual form integration, while later latencies around the second component have
been associated with perceptual classification judgements (Das et al., 2010; Johnson & Olshausen,
2003; Ohla et al., 2005; Tanskanen et al., 2008). Interestingly, these temporal components can also
be mapped to the N1 and P3 components that reflect cultural differences in attentional processes
(Goto et al., 2010; Lao et al., 2013; Lewis et al., 2008; Lin et al., 2008; Song et al., 2007). Therefore,
the temporal components identified at early and later stages of global form processing following VPL
in the Glass (1969) pattern discrimination task (Mayhew et al., 2012), as well as the implication of
cultural influences in early (Kitayama & Murata, 2013) and later attentional mechanisms (Goto et al.,
2010; Lewis et al., 2008) suggest a need to unify these findings. Therefore, EEG measures could
reveal important evidence of how culture could act upon the earlier or later perceptual systems to

impact VPL processes.

Due to the complexity and dynamicity of culture and its impact on sociocultural
environments and human psychological processes, there is great theoretical interest in exploring the
attitudes and behaviours that arise as a function of both individual and cultural differences. Indeed,
cultural environments contribute to variations in information processing and attentional styles, as
evident in the global (holistic) and local (analytic) processing biases that are prominent in Eastern
and Western cultures (Chua et al., 2005; Gutchess et al., 2006; Kitayama et al., 2003; McKone et al.,
2010; Nisbett et al., 2001; Nisbett & Masuda, 2003). Consequently, VPL processes can also be
informed by people’s preferred or dominant perceptual and attentional strategies. Furthermore,
since there are inconsistencies in the cultural characteristics used to explain the dynamic differences

in cognition and behaviours (van Gog & Scheiter, 2010), it is important to employ a multilevel



50

framework within the context of VPL to contribute new evidence and reconcile inconsistent findings.
Neuroscientific research could also provide supplementary evidence at the neural level of how
cultural influences may emerge (Ambady & Bharucha, 2009; Chiao, 2018; Gutchess et al., 2006; Han

& Ma, 2014; Jenkins et al., 2010; Kwon et al., 2021; Rule et al., 2013).

1.4 Summary and Frame of Thesis

To summarise, culture can be conceptualised and differentiated by macro and micro
constructs to explain the cognitive and behavioural differences that manifest across nations,
societies, and individuals. At the macro level, cultural definitions are moving beyond geographical
classifications based on country boundaries as they may discount the numerous interacting factors
that contribute to cultural systems (Khan et al., 2017). Instead, Hofstede’s (1980, 2001, 2011)
national cultural index have been used as an alternative representation of the macro level since it
encompasses institutional value systems, societal constructs, and interaction patterns (Khan et al.,
2017; Kim & Sasaki, 2014). Indeed, the explication of the individualism and collectivism constructs
have propelled research to explain the universality and differences in psychological processes that
arise as a function of culture (Gelfand et al., 2017). For example, research has linked the
individualism-collectivism dimensions to sociocultural orientations and cognitive styles (e.g., Choi et
al., 2007; Koo et al., 2018; Masuda et al., 2008; Na et al., 2020; Nisbett et al., 2001; Oyserman et al.,

2002; Oyserman & Lee, 2008; Senzaki et al., 2014; Yu et al., 2021).

People from Western or individualistic cultures are typically characterised at the micro level
by independent self-construals, individualist orientations, and analytic cognitive styles (Choi et al.,
2007; Cramer et al., 2016; Koo et al., 2018; Markus & Kitayama, 1991). In contrast, people from
Asian or collectivistic cultures are typically characterised by interdependent self-construal,
collectivist orientations, and holistic cognitive styles. However, although cultural groups can be
differentiated by social orientation and cognitive styles, these attributes may not necessarily

correlate at the individual level (Kitayama et al., 2009, 2019; Martin et al., 2019; Na et al., 2010,
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2020). For instance, the multiplicity of cultural identities presents a methodological issue as
individuals who embody multiple cultural values can create an error variance in macro level
definitions (Hong et al., 2000). Therefore, research should explore the influence of culture on
cognition using a dynamic multilevel framework consisting of both micro and macro levels. It is also
important to overcome the typical convention of using geographical classifications, two-country
comparisons, and single levels of analysis at only the macro or macro level in order to advance our
understanding of cross-cultural differences in psychological processes such as VPL (Boer et al., 2018;

Lawrence et al., 2020; Varnum et al., 2008).

Extensive research evidence has attributed the various individual (micro) and group (macro)
cultural characteristics described above to cross-cultural differences in attentional styles and
perceptual strategies (e.g., Choi et al., 2007; Kanagawa et al., 2001; Koo et al., 2018; Masuda et al.,
2008; Senzaki et al., 2014; Singelis, 1994; Varnum et al., 2008; Yu et al., 2021). Indeed, sensitivity to
global or local structures during perceptual organisation are proposed to be shaped by experience,
culture, and genetics (e.g., Caparos et al., 2012; Davidoff et al., 2008; De-Wit, & Wagemans, 2015;
Van Der Hallen et al., 2015). Variations in how global representations are constructed during
perception due to cultural differences are significant as these differences could subsequently inform
VPL trajectories (Choi et al., 2007; Koo et al., 2018). However, some studies have reported weak or
absent cultural effects on attention and perception (Evans et al., 2009; Hakim et al., 2017; Miellet et
al., 2010; Rayner et al., 2007). For example, while some have identified that Americans had greater
tendencies to fixate on focal objects than Chinese participants who made more saccades towards
background information (Chua et al., 2005; Goh et al., 2009), others have reported insignificant
differences between both cultures in eye-movement and gaze strategies (Evans et al., 2009;
Lawrence et al., 2020). It is estimated that cultural characteristics other than participants’
nationalities could influence perceptual and attentional strategies, hence the importance of

considering micro levels of analysis to reconcile the contradictory evidence in previous research.
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Inconsistencies in past research could also be attributed to cultural manifestations which are
task dependent (Alotaibi et al., 2017). For instance, rich visual scenes could undermine the subtle
differences that exist across cultures. Indeed, the use of simpler stimuli such as geometric figures
has presented evidence of cultural differences (Cramer et al., 2016; Lao et al., 2013; Petrova et al.,
2013; Ueda et al., 2018). Alternatively, cultural influences may only implicate cognitive processes
under specific task conditions or even specific processing stages during visual perception as revealed
by EEG and ERP studies (Lewis et al., 2008). Therefore, the tasks and methodology employed in
cross-cultural research should be carefully designed to measure and isolate the different

components of attention and perception to attribute them to specific cultural constructs.

Collectively, some limitations need to be addressed at the conceptual level to advance cross-
cultural research on cognition and behaviour (Caprar et al., 2015). First, taking into consideration the
role of individuals when defining culture, as well as understanding the role of macro cultures in
defining the individual, will be critical for obtaining a clear visualisation of the dynamic and
multilevel nature of cultural systems (Autio et al., 2013; Steel & Taras, 2010). Therefore, the direct
assessment of cultural constructs at an individual level circumvents the limitations of macro level
distinctions such as geographical or national level classifications. Second, culture is not always
explicitly revealed through verbal or written expression (stated culture) as reflected in survey or
guestionnaire responses. As such, behavioural and neural indicators are needed to reveal latent
cultural dimensions. Accounting for both latent and stated culture in research could provide a more
comprehensive reflection of cultural influences on psychological processes. Third, it is difficult to
conceptualise culture when individuals could embody the attributes of multiple cultural systems,
many of which are latent and implicit. Situational or contextual factors could trigger the
manifestation of these latent structures in behaviours (Hong et al., 2000), hence the importance of
careful task selection and methodological design (i.e., priming techniques and neuroscientific
methods) in cross-cultural research. Taken together, the inconsistencies in defining, measuring, and

conceptualising culture in previous literature warrants further research to establish a dynamic and
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multilevel framework of culture that can explain differences in VPL. Specifically, these considerations
will be essential for examining the VPL processes implicated by cultural influences at both micro and
macro levels. Indeed, the limited research in this domain presents an opportunity to examine how
individualism-collectivism, independent-interdependent, and analytic-holistic cultural constructs

could impact the differentiation and unitisation mechanisms of VPL.

1.4.1 Overarching Aim

The overarching aim of this thesis is to identify if there is variability in VPL processes across
cultures. Specifically, a multilevel approach will be used to explain how interacting cultural factors at
macro and micro levels can influence the differentiation and unitisation mechanisms of VPL in global
tasks. The individualism-collectivism construct (Hofstede, 1980, 2001, 2011) will be the central
construct representing cultural systems at the macro level. At the micro level, culture will be
represented by independent-interdependent self-construals (Markus & Kitayama, 1991),
individualistic and collectivistic cultural orientations (Triandis, 1995; Triandis, 2001), and analytic-
holistic thinking styles (Choi et al., 2007; Koo et al., 2018). These cultural characteristics will be used

as explanatory variables for differences in perceptual strategies that inform VPL processes.

The divergent results within cross-cultural domains can be linked to differences in research
methodology, population sample, and conceptual frameworks. Therefore, to narrow the focus of the
investigation, the present study concentrates on the potential impact of global processing
mechanisms as the first step towards examining cultural differences in VPL. Consistent with the GPE,
people have a cognitive disposition to allocate processing priority to global information (Mills &
Dodd, 2014; Navon, 1981; Rezvani et al., 2020). Consequently, the manifestation of any cultural
differences in VPL despite the GPE will provide considerable evidence of the dominant influence of

culture on information processing (Goh et al., 2013; Hedden et al., 2008).

To this end, the present thesis has adapted the Glass (1969) pattern discrimination task and

a symbol sequence learning task to investigate VPL differences within a cross-cultural context
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(Frangou et al., 2019; Garcia et al., 2013; Li et al., 2012; Mayhew et al., 2012; Wang et al., 2017).
These tasks compel observers to engage in global processing during VPL and can be used to
investigate the differentiation and unitisation mechanisms of VPL (Goldstone, 1998, 2000). The
cultural differences observed in both tasks will demonstrate the influence of culture within various
contexts and task domains. As discussed above, individualistic or Western cultures and individual-
level characteristics such as independence have been linked to analytic thinking styles. Therefore, it
is hypothesised that these cultural characteristics could be associated with slower VPL trajectories
compared to people from collectivistic or Asian societies and more interdependent individuals.
Collectivism and interdependent self-construals are cultural characteristics linked to more holistic
thinking styles (Ji et al., 2000; Peng & Nisbett, 1999). As such, these holistic tendencies could support
faster VPL trajectories in both tasks that engage global processing. The Glass (1969) pattern

discrimination task and the sequence learning task will be detailed in Chapters 3 and 5.

As a general format, the five subsequent chapters will introduce key literature justifying
each chapter’s research aims, followed by the methods, results, and discussions. The present thesis
will begin with a preliminary exploration into the utility of existing measures that can capture and
differentiate cultural values and attitudes at the macro (group) and micro (individual) levels (Chapter
2). Following this, the Glass (1969) pattern discrimination task will be used to investigate cultural
differences in VPL during differentiation, whereby people from different cultural backgrounds learn
to discriminate global patterns despite perceptual uncertainty (Chapter 3). A priming methodology
will then be employed to causally examine the impact of social orientations on VPL (Chapter 4).
Chapter 4 investigates the dynamic nature of the multilevel cultural framework and highlights the
importance of considering micro level cultural characteristics. Following this, the present thesis
extends the cross-cultural investigation into the unitisation mechanism of VPL using a sequence
learning task (Chapter 5). The subsequent chapter presents a series of three mini pilot studies with
varying tasks parameters to identify the persistence of culturally induced perceptual bias on VPL

despite increased perceptual uncertainty (Chapter 6). Notably, Chapter 6 explores the feasibility of
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an EEG experimental design to examine cultural differences in VPL using the Glass (1969) pattern
discrimination task. Finally, a critical summary of the experimental findings and future directions will

be presented in the concluding chapter of the thesis (Chapter 7).

1.4.2 Importance of Research

A complex combination and interaction of historical, economic, ecological, and ideological
factors shape the cultural meanings and practices across and within nations (Gelfand et al., 2017;
Kitayama et al., 2019). Consequently, the conceptualisation of culture as a multilevel knowledge
structure could reveal its extensive influence on attitudes, norms, values, beliefs, and behaviours.
Furthermore, as societies become globalised and industrialised, people may become more analytic
due to increased independence and individual initiative, subsequently influencing learning and
perceptual strategies. Therefore, considering the dynamic multilevel nature of culture is increasingly
relevant in our multicultural societies (Luo, 2016), particular within VPL domains (Atkins et al., 2016).
Cultural differences in VPL remain a relatively unexplored domain despite the recognition of how
exposure to different cultural beliefs and social milieus can guide cognition and behaviours (Park &
Huang, 2010). Indeed, cultural systems can shape the configuration of learning patterns and abilities
that differentiate students' academic performance in diverse educational environments (Martinez-
Fernandez & Vermunt, 2015). It is thus important to further our understanding of the dynamic
cognitive, metacognitive, cultural, and contextual components that gives rise to differential learning
patterns and strategies (Martinez-Fernandez, & Vermunt, 2015). Research in this domain can be
applied to a broad range of visual training paradigms that have both general and cross-cultural
applications (Bower et al., 2013; Deloss et al., 2015; Deveau et al., 2014a, 2014b; Lu et al., 2011;

Polat, 2009; Zhang et al., 2014; see Section 7.3).
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Chapter 2: Defining a Multilevel Cultural Framework

As discussed in Chapter 1, there are many ways to define culture (Erez & Gati, 2004;
Hofstede, 1980, 2001; Taras et al., 2010, 2016). Therefore, Chapter 2 presents a methodological
examination into existing measures and definitions of cultural systems. The findings reported in this
chapter aimed to establish an explanatory framework for the subsequent experimental chapters in
the thesis (Chapters 3 to 5). Indeed, the outcomes of this chapter were used to define a multilevel
cultural framework encompassing both macro and micro levels of culture that can explain cultural
differences in VPL processes. It is important to consider both the macro and micro levels of culture
as part of a multilevel framework as each level may differentially impact cognition and behaviour
(Erez & Gati, 2004; Kashima et al., 2019; Steel & Taras, 2010). Therefore, the macro level cultural
constructs examined in the present study are geographical distinctions and Hofstede’s (1980, 2001,
2011, 2017) individualism-collectivism dimensions. The micro level was defined by individual
characteristics such as cultural orientations (Triandis & Gelfand, 1998), self-construal (Singelis,
1994), and thinking styles (Choi et al., 2007). This chapter will begin with a review of the
fundamentals of a multilevel cultural framework, followed by the aims, design, and methodology of

the study presented here. Results are reported and discussed in the final section.

2.1 Background

The conceptualisation and operationalisation of culture at both the macro and micro levels
reflect the diversity and variability in which cultural differences can be defined and understood
(Goodwin et al., 2020; Gould & Grein, 2009; Leung et al., 2011, 2005). At the macro level, the use of
country of origin as a proxy for culture in cross-cultural research remains widely accepted despite
presenting methodological limitations (Van De Vijver & Leung, 2000). Besides geographical
distinctions, Hofstede’s national culture distinctions across six dimensions can also be used as a
macro level descriptor (Hofstede, 2001, 2011, 2017; Hofstede & Minkov, 2010). Indeed, the use of

aggregated constructs like the individualism-collectivism dimension to characterise a nation is
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advantageous as it describes the maintenance and relative stability of shared cultural knowledge,
value systems, societal constructs, and interactional patterns (Beugelsdijk & Welzel, 2018; Khan et
al., 2017; Kim & Sasaki, 2014; Lehman et al., 2004; Schimmack et al., 2005). It can thus be used to
represent theoretical and empirical frameworks for cross-cultural psychological research beyond

geographical boundaries and distinctions.

As discussed in Chapter 1, the use of geographical distinctions and the individualism-
collectivism dimension is not without limitations and criticisms. The constructs have been challenged
for oversimplifying cross-cultural differences, neglecting within-country heterogeneity, and for the
static conceptualisation of culture (Beugelsdijk & Welzel, 2018; Goodwin et al., 2020; Kirkman et al.,
2006, 2017; Oyserman et al., 2002; Steel & Taras, 2010; Taras et al., 2016). The rise of media
globalisation, internationalisation of educational systems, migration and open borders, and the
convenience of worldwide communications has created more global communities with shared
knowledge, values, and ideologies (Caprar et al., 2015). Therefore, nations, societies, communities,
and individuals worldwide have been unified and divided in ways that may no longer be fully
captured by geographical distinctions or Hofstede's national dimensions (Steel & Taras, 2010). For
example, widespread immigration, increases in wealth, and technological advancements have been
observed to drive individualism within typically collectivistic cultures (Greenfield, 2009; Hamamura,
2012; Inglehart & Baker, 2000; Zhou et al., 2018), while cultural orientations can also differ across
individuals and generations (Cohen, 2009; Ma et al., 2016; Parry & Urwin, 2011). Clearly, cultural
orientations within a nation can be shaped by dynamic and interactive factors such as individuality,
ethnicity, religiosity, political, social, and socioeconomic influences (Chao & Moon, 2005; Heiphetz &
Oishi, 2022; Miyamoto et al., 2018; Taras et al., 2016). As such, it is vital to consider individual-level
variances within a collective since mere ethnic- or country-level classifications could neglect
individual level differences in our understanding of culture and its influence on cognition and

behaviours (Gelfand et al., 2011; Hofstede, 2011).
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Micro systems also contribute to the complexity of culture at an elementary level (Steel &
Taras, 2010), and its influence on cognitive and behavioural processes have been reported in
previous cross-cultural research (Goh et al., 2007; Kraus & Kitayama, 2019; Magid et al., 2017).
Therefore, the direct assessment of cultural constructs at an individual level can be used to
circumvent the limitations of macro level distinctions such as geographical or national level
classifications. For instance, Hofstede’s (1980) individualism-collectivism constructs at an individual
level can be represented by independent self-construals or individualistic self-concepts (Fiske et al.,
1998; Oyserman & Markus, 1993; Triandis, 1996). Another consequence of individualism can be
related to judgment, reasoning, and inferences that are attributed to individual personalities and
traits (Morris & Peng, 1994; Na et al., 2020; Triandis, 2001). Thus, individual-level variances could be
assessed by these culturally specific manifestations of cognition and behaviour to demonstrate how
different levels of culture can interact in a complex and reciprocal manner. Indeed, to account for
within-country variances, social and cultural orientations, as well as cognitive styles have been used
as cultural descriptors at the micro individual level (Chao & Moon, 2005; Choi et al., 2007; Koo et al.,
2018; Singelis, 1994; Triandis & Gelfand, 1998; Uskul, Nisbett, et al., 2008; Vignoles et al., 2016). It is
important to consider the intersectionality of these individual level differences as they can
supplement traditional macro level conceptualisations of culture (Boer et al., 2018; Clauss-Ehlers et

al., 2019; Vignoles et al., 2016).

Cultural systems at the micro level can be measured using scales and questionnaires to
assess the attitudes and behavioural intentions of individuals from different cultural backgrounds
(Choi et al., 2007; Markus & Kitayama, 1991, 2010; Singelis, 1994; Triandis, 1989; Triandis & Gelfand,
1998; Varnum et al., 2010; Vignoles et al., 2016). For one, social orientations can be assessed by
Singelis' (1994) self-construal scale (SCS). Social orientations describe the variations in self-
perceptions in relation to others, and these perceptions are represented by independent and
interdependent self-construals (Markus & Kitayama, 1991; Wang et al., 2017). Independent self-

construals have been linked to autonomy and individualistic orientations, whereas interdependent
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self-construals are associated with an emphasis on collectivistic orientations and interrelatedness
with others (Varnum et al., 2010). Furthermore, individuals with interdependent self-construal are
also more likely to exhibit holistic cognitive styles as interdependence encourages attention to the
broader context (e.g., Choi et al., 2016). However, the efficacy and validity of Singelis’ (1994) SCS
have been inconsistent across studies (Dowd & Artistico, 2016; Gudykunst & Lee, 2003; Hardin et al.,
2004). Levine et al. (2003) found persistent flaws in the SCS due to its insensitivity in identifying
cultural differences in self-construals. Therefore, constructs such as cultural orientation and
cognitive styles, as measured on Triandis and Gelfand’s (1998) Cultural Orientations Scale (COS) and
Choi et al.’s (2007) Analysis-Holism scale, respectively, were proposed as alternatives for

conceptualising culture at the micro level.

Triandis and Gelfand's (1998) COS is a compelling measure contributing to individual-level
cultural analyses. It illustrates the extent to which individuals can be integrated into groups based on
a horizontal or vertical differentiation on the individualism-collectivism dimensions (Shavitt & Cho,
2016). The horizontal and vertical dimensions of individualism and collectivism describe hierarchical
and power structure differences within a society (Singelis et al., 1995). Individuals can be categorised
into four dimensions on the COS: HI, VI, HC and VC (see Figure 1.1). The HI dimension has been
related to self-direction and self-reliance, while VI relates to autonomous power, competition, and
the pursuit of greater social standings within a hierarchy (Nelson & Shavitt, 2002; Oishi et al., 1998;
Torelli & Shavitt, 2010). For the collectivism dimension, HC is predictive of benevolence, sociability,
and cooperation, while VC best predicts conformity tendencies within a hierarchical society (Soh &
Leong, 2002). Collectively, horizontal and vertical differentiations provide a broader view of culture
beyond the individualism-collectivism national distinctions to allow more universal predictions of
cultural differences, especially at an individual level (Shavitt & Cho, 2016). Indeed, the COS could be
used to assess adherence to cultural orientations and supplement macro level differentiations to

explain observed cross-cultural differences in cognition and behaviours.
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To further expand on the micro level cultural conceptualisations, cognitive style variations
could be used to represent a different facet of culture at the individual level — namely, one that
describes common thought processes (Choi et al., 2007; Koo et al., 2018; Na et al., 2020; Uskul et al.,
2008). Analytic thinking is characterised by an inclination to allocate attentional resources to focal
objects or events. In contrast, holistic thinking is associated with a more diffused allocation of
attentional resources to both focal and contextual information. These alternative frameworks for
conceptualising cultures at the micro individual level have become pivotal in cross-cultural research
(Na et al., 2020). Indeed, the AHS differentiates holistic tendencies on four dimensions: causal
attributions, perceptions of change, locus of attention, and attitude towards contradictions (Choi et
al., 2007; Koo et al., 2018). Notably, analytic and holistic cognitive styles have been linked to
independence and interdependence, respectively, as well as the individualism-collectivism
constructs (Koo et al., 2018; Masuda et al., 2008; Na et al., 2020; Nisbett et al., 2001; Oyserman et
al., 2002; Oyserman & Lee, 2008; Senzaki et al., 2014; Yu et al., 2021). The reciprocal relationship
between these cultural constructs allows researchers to integrate the attributes of individual
members within a society to establish a collection of characteristics representing the group (Boer et
al., 2018; Fischer, 2009; Goodwin et al., 2020; Tsui et al., 2007). Accordingly, the utility of the AHS,
like the COS and SCS, can be adapted to varying research aims and objectives to conceptualise or
differentiate cultures and individuals based on social orientation, cultural orientation, and cognitive

style differences (Martin-Fernandez et al., 2022).

Accounting for both individual and collective level constructs to describe and conceptualise
culture would address the limitations of using only single units of analysis (Fischer, 2009). Focusing
solely on the individual neglects the complex outcomes of group interactions and increasingly
diverse and globalised societies. Furthermore, existing individual level measures (e.g., AHS, SCS, COS)
have been criticised for inconsistent validity and reliability (Dowd & Artistico, 2016; Hardin et al.,
2004; Levine et al., 2003), particularly when employed in demographically complex populations (Han

et al., 2019). For instance, even micro characteristics such as living arrangements could influence
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how strongly one adheres to the cultural values prevalent in their societies and nation (Brewer &
Venaik, 2011; Heu et al., 2019; Vandello & Cohen, 1999). Multilevel analyses, poly-contextual
approaches, and the consideration of intracultural variations should thus be used as a standard
protocol within cross-cultural research (Morris et al., 2015; Simko & Olick, 2021; Tsui et al., 2007).
Indeed, this multilevel approach has been further advocated by different researchers (Boer et al.,
2018; Brewer & Venaik, 2011, 2012; Chen et al., 2020; Goodwin et al., 2020; Oyserman et al., 2002;

Steel & Taras, 2010; Van De Vijver & Leung, 2000; Vignoles et al., 2016).

A stringent methodology and analysis strategy is needed to implement a multilevel
framework of culture for explaining cultural differences in psychological processes (Boer et al., 2018;
Han et al., 2019; Na et al., 2020; Schimmack et al., 2005). For example, the assumption that
individuals will have a similar understanding of the constructs described in different measures and
scales neglects key cultural features such as linguistics, thereby contributing to a lack of
measurement comparability and equivalence (Boer et al., 2018; Han et al., 2019). This measurement
bias and lack of equivalence could result in overgeneralisations and inconsistent research findings.
Therefore, examining and establishing measurement equivalence is essential for drawing valid and
meaningful cross-cultural comparisons at the macro and micro levels. Psychometric property
analysis strategies including exploratory factor analyses (EFA) can be used to establish cross-national
measurement equivalence when individual-level measures are administered to culturally diverse
groups (Boer et al., 2018; Han et al., 2019; Na et al., 2020). Establishing measurement equivalence
will subsequently allow the clearer attributions of observed cross-cultural differences in cognition
and behaviour to specific cultural constructs rather than to differential comprehension of the

cultural measures used (Boer et al., 2018).

2.1.1 Aims of Study

The present study seeks to conceptualise a multilevel framework that can inform how

culture will be defined and assessed in the present thesis. The exploratory examination of a
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multilevel framework in this chapter could subsequently be used to establish more robust methods
of analysis and drive the interpretation of behavioural findings within the context of culture to
minimise type 1 errors (false positives) in comparative research. To this end, three existing micro-
level measures (COS, AHS, and SCS) are administered to participants from different cultural
backgrounds to establish a multilevel cultural framework consisting of both macro (group) and micro
(individual) level features. Specifically, Triandis and Gelfand’s (1998) COS, Choi et al.’s (2007) AHS, as
well as Singelis’ (1994) SCS will be used as the micro individual level cultural representations in
addition to demographics variables such as ethnicity, language, living arrangements. Cultural groups
at the macro level will be defined by geographical distinctions (Asian vs Western regions) and
Hofstede’s (1980, 2001) individualism-collectivism dimension. The individualism-collectivism level
distinction was specifically derived from Hofstede's (2017) country comparison tool that provides
detailed insight into the shared value dimensions of different nations. When used to make cross-
cultural comparisons of cognition and behaviour, there should be a clear measurement equivalence
in the administered measures. Indeed, the operationalisation and measurement of cultural
characteristics should be standardised and relevant across groups to circumvent issues of bias and
equivalence (Han et al., 2019). Metric equivalence should thus be examined to determine whether
different cultural measures perform similar functions across samples, where the items in the
assessed construct should exhibit similar factor loadings across groups defined at a macro level (He
& van de Vijver, 2012; van de Vijver & Leung, 2021). These cultural constructs can then be used to
explain observed cross-cultural differences in cognition and behaviour. Overall, the present study

aims to explore and examine the following hypotheses (H):

H1. The reliabilities of the COS, SCS, and AHS are within acceptable levels, and the factor
structures of each scale are consistent with the dimensions they were originally designed to

assess (Choi et al., Triandis & Gelfand, 1998; Singelis, 1994).
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H2a. The COS, SCS, and AHS factor structures should be comparable and equivalent between

groups defined by geographical regions at the macro level (Asia vs West).

H2b. The factor structures of the COS, SCS, and AHS should be comparable between groups
defined by Hofstede’s (2017) individualism-collectivism dimensions at the macro level

(Individualistic vs Collectivistic).

H3. Living arrangements, time lived elsewhere, ethnicity, and background can influence how

strongly one adheres to the cultural values prevalent in their sociocultural environment.

H4. To assess concurrent and predictive validity, respondents who are more collectivistic
and hold interdependent self-construal as measured using the COS and SCS respectively
should exhibit higher holism scores on the AHS than respondents who are individualistic and

hold independent self-construal.

The outcomes of the present chapter inform the macro and micro level features of the multilevel
cultural framework that can explain the behavioural findings observed in the subsequent

experimental chapters of this thesis.

2.2 Method

2.2.1 Participants

Respondents for the survey were recruited through opportunity sampling. A link to the
survey was advertised on social media platforms (e.g., Facebook and Twitter) and on Birmingham
City University’s Research Participation Scheme (RPS). Those who participated through the RPS were
rewarded with research credits. A total of 392 respondents completed the initial demographics
section of the questionnaire. Four respondents were excluded for being under the age of 18 when
completing the questionnaire. Seventeen respondents were excluded due to response bias following
a visual inspection of the data. For example, participants who responded with the same answer for

all items on the questionnaire were omitted. Row-wise standard deviation was also calculated to
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verify the exclusion of these cases. On each scale, standard deviations close to zero suggest careless

responses or a lack of engagement (Panda et al., 2021).

Table 2.1

Demographics of Respondents

Variables Frequency
Gender
Female 278
Male 90
Other 3

Living Arrangements

Alone 78
Significant Others 191
Housemates 102

Lived Elsewhere

Yes 193
No 177
Prefer not to say 1
Ethnicity

White 143
Black 11
Asian 168
Mixed 14
Other 35

The remaining 371 respondents were an average of 24.74 years old (SD = 5.88). Of these
respondents, 363 completed Triandis and Gelfand’s (1998) cultural orientation scale, 363 completed
Singelis’ (1994) self-construal scale, and 351 completed Choi et al.’s (2001) analysis-holism
scale. Table 2.1 provides a demographics summary of respondents. For ethnic backgrounds, ‘white’
ethnicity included those of British, European, and Irish descent, ‘black’ ethnicity included those of

the Caribbean and African descent, ‘Asian’ ethnicity included those of Indian, Pakistani, Bangladeshi,
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Chinese, and Filipino descent, ‘mixed’ ethnicity included those of mixed black and white descent as
well as white and Asian descent, while the ‘other’ category included those of Arab, Kurdish, Hispanic,

and Latino descent as well as those who refrained from answering the question.

Respondents were first categorised into ‘Asian’, “‘Western’, or ‘Other’ cultural backgrounds
based on their self-reported nationalities (see Table 2.2). The Asian and Western geographic regions
were defined by the United Nations standard country or area codes for statistical convenience
(United Nations Statistics Division, 2016). As such, the Asian category included respondents from
Malaysia, China, India, Taiwan, Vietnam, Thailand, Pakistan, Singapore, Philippines, Indonesia, Japan,
Korea, Hong Kong, Myanmar, Sri Lanka, Cyprus (Western Asia), Jordan (Western Asia), Lebanon
(Western Asia), and two whom were of unspecified Asian nationality. Western respondents were
from Europe (Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Lithuania, Malta, Netherlands, Norway, Poland, Portugal, Romania, Russia,
Spain, Sweden, and Switzerland), the Americas (USA, Latin America, and Canada), and Oceania

(Australia and New Zealand).

The ‘Other’ category consisted of respondents (n = 19) who did not fall under categories of
Western or Asian countries. Respondents grouped into this category were from Kenya, Egypt, and
South Africa. This category also included individuals who could not be classified based on their self-
reported demographics. For instance, one respondent was a white European born in Singapore,
holding British and German nationalities, and had lived in India, New Zealand, and France for 11
years, eight years and seven months, respectively. Therefore, respondents who did not indicate their
nationalities, had dual nationalities from a combination of Asian and Western countries, or reported
substantial variances between their nationalities, place of birth, and years lived in a different country
were classified under the ‘Other’ category (see Appendix C for a detailed breakdown of participant
characteristics). The data of participants in the ‘Other’ category were excluded from the analyses

where cultural groups were differentiated based on geographical regions at the macro level.
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Table 2.2

Respondents Categorised by Geographical Regions

Cultural Background N Percentage (%)
Asian 144 38.8
Western 208 56.1
Other 19 5.1

Hofstede's individualism-collectivism constructs (Hofstede, 2001, 2011; Hofstede & Minkov,
2010) were used as the second macro level differentiation alongside geographical distinctions.
Hofstede's (2017) comparison tool assigns an individualism score to countries. Therefore, the
respondents in the present study could be classed as individualistic or collectivistic based on their
self-reported nationalities. Based on this classification system, each category's sample sizes were

more comparable than the geographical classification system (see Table 2.3).

Table 2.3

Respondents Categorised by the Hofstede’s (2017) Individualism-Collectivism Dimension

Hofstede’s Category N Percentage (%)
Individualistic 186 50.1
Collectivistic 172 46.4

Unavailable 13 3.5

One respondent from Cyprus and one from Myanmar were excluded from this analysis as
these countries were not assigned a score on Hofstede’s (2017) comparison tool. The comparison
tool also reported intermediate individualism scores for Japan (46 out of 100) and India (48 out of

100). While these countries are traditionally collectivistic in maintaining group harmony, Japan is
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also represented by situational individualistic characteristics within workplaces, while India’s
dominant religion of Hinduism has been attributed to individualistic traits (Hofstede, 2017).
Nevertheless, these countries were categorised as collectivistic in the present analysis as their

individualistic scores were below the midpoint mark of the individualism dimension.

2.2.2 Design

The present study employed a between-subjects design comparing measurement
equivalence of three existing cultural instruments when completed by people from different cultural
backgrounds. At the macro level, cultural background was defined by geographical regions (Asians vs
Westerners) and Hofstede’s (2017) national classification tool (individualism vs collectivism). At the
micro level, the cultural instruments used to assess individual level variations in cultural values were
Triandis and Gelfand’s (1998) CQS, Singelis’ (1994) SCS, and Choi et al.’s (2007) AHS. Comparing the
responses of participants from different cultural backgrounds can reveal the validity and reliability of
these instruments in differentiating cultures based on values of individualism, independence, and
analytic thinking versus values of collectivism, interdependence, and holistic thinking. Previous
studies have observed clear variations between Asian and Western cultures in these values; Asians
tend to be more collectivistic, interdependent, and holistic, whereas Westerners tend to be more
individualistic, independent, and analytic (Choi et al., 2007; Uskul et al., 2008; Talhelm et al., 2014;
Masuda & Nisbett, 2006; Senzaki et al., 2014; Masuda et al., 2008; Nisbett et al., 2001). Additionally,
due to the complexity of culture, factors such as age, gender, living arrangement, ethnicity, length of
time spent outside of birthplace will also be considered as possible explanatory constructs for
predicting cultural variations. Taken together, the independent variables for this exploratory study
are cultural background (defined by Asian vs Western geographical regions and individualistic vs
collectivistic cultures). The effects of age, gender, living arrangement, ethnicity, and length of time
spent outside of birthplace will also be examined. The dependent variables are cultural orientations,

self-construal, and cognitive styles as measured by the COS, SCS and AHS.
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2.2.3 Materials

Participant Demographics. This questionnaire collected demographic information such as
nationality, gender, age, ethnicity, birthplace, living arrangements, and years lived in the UK (Yeh,
2003; see Appendix D). Participants were assigned to the corresponding cultural backgrounds based
on their nationalities. Furthermore, the information provided in this questionnaire were analysed in
the regression analyses to account for the influence of these confounding variables on social and

cultural orientations.

Triandis and Gelfand’s (1998) COS. The 16-item COS (see Appendix E) assessed individualism
and collectivism on four dimensions: VI (acceptance of inequality between individuals), VC
(acceptance of hierarchies within collective societies), HI (equality between individuals), and HC
(equality within the collective society). The COS consisted of items such as “I'd rather depend on
myself than others”, which measured HI; “Winning is everything”, which measured VI; “I feel good
when | cooperate with others”, which measured HC; and “Parents and children must stay together
as much as possible”, which measured VC. Participants indicated their responses on 9-point Likert
scales ranging from 1 (Never or Definitely No) to 9 (Always or Definitely Yes). Scores were calculated
for each of the four dimensions by summing up the responses on each subscale. Participants were
grouped into the HI, VI, HC, or VC dimensions depending on their highest scores on the subscales. As
more than 10% of the respondents (n = 40) could not be categorised due to similar scores on more
than one subscale, separate scores were also calculated for an individualism and collectivism
dimension by summing up the Hl and VI subscales as well as the HC and VC subscales, respectively.

Uncategorised respondents following the aggregated scoring procedure was reduced to 3% (n = 9).

Singelis (1994) SCS. The 24-item SCS (see Appendix F) was used to identify the self-construal
and social orientations of individuals from different cultural groups. The SCS consisted of items that
measured participants’ independent self-construal (e.g., “l enjoy being unique and different from

others in many respects”) and interdependent self-construal (e.g., “I have respect for the authority
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figures with whom | interact”). Responses were measured on 7-point Likert scales ranging from 1
(Strongly Disagree) to 7 (Strongly Agree). Scores were calculated by summing up the responses and
dividing the sum by the number of questions in each subscale. Each participant had two scores and
was assigned with independent or interdependent self-construal depending on the higher score.

Approximately 3% of respondents (n = 9) had equal scores on both subscales in this measure.

Choi et al.’s (2007) AHS. The AHS (see Appendix G) is a 24-item measurement tool used to
assess analytic or holistic modes of thought on four dimensions: locus of attention, causal
perception, perception of change, and attitude towards contradiction (Choi et al., 2007). The AHS
measures individual differences in cognitive styles. Items such as “The whole is greater than the sum
of its parts”, assessed locus of attention; “Nothing is unrelated”, assessed causality; “We should
avoid going to extremes”, assessed tolerance of contradiction; and “Current situations can change at
any time”, assessed change perceptions (Koo et al., 2018). Responses were measured on 7-point
Likert scales ranging from 1 (Strongly Disagree) to 7 (Strongly Agree). Six items on the AHS were
reversed-coded before the composite scores were calculated. All items on the AHS were summed up
to produce a composite holism score (Choi et al., 2007). Higher scores represent more holistic
thinking styles. Specifically, higher holism scores indicate increased tendencies for attending to the
whole rather than parts, attributing causality between events, perceiving future events as cyclic

rather than linear, and compromising when faced with contradictions.

2.2.4 Procedure

The study was approved by Birmingham City University’s Research Ethics Committee
(Reference: Chua #011.18; See Appendix H1). The online questionnaire was administered through
Qualtrics (Qualtrics, Provo, UT). The first section consisted of the information sheet (see Appendix I)
and consent form (see Appendix J), the second section consisted of demographic questions, and the
three subsequent sections were composed of the COS, SCS, and AHS measures that were presented

in a randomised order. Respondents were directed to a debrief page upon the submitting their
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responses at the end of the study (see Appendix K). The questionnaire was also back translated to
Mandarin Chinese by two unrelated bilingual individuals proficient in both languages to recruit a
more diverse sample of respondents from Asian cultural backgrounds (See Appendix L). Thirty-four
respondents completed the Mandarin Chinese version of the questionnaire, while the remainder
completed the questionnaire in English (see Appendix M for Cronbach’s reliabilities comparison).

Respondents took an average of 25 minutes to complete the questionnaire.

2.2.5 Analysis

IBM SPSS Statistics, Version 25 (IBM, 2017) was used for data analysis. The data was
analysed in 5 parts; the first was a reliability analysis to assess the internal consistency of the three
cultural instruments. The reliabilities of these instruments were compared between Asian vs
Western groups (geographical distinctions) and Hofstede's (2017) individualistic vs collectivistic
groups. The second was a factor analysis using the principal axis factoring (PAF) extraction method
to examine the construct validity of the three questionnaires (Tabachnick & Fidell, 2019; Yong &
Pearce, 2013). The factor structures of each instrument were compared between cultural groups to
establish measurement invariance and equivalence. The final analysis was a correlation and multiple
regression analysis to identify the potential effect of demographic factors in predicting responses on
the cultural instruments (AHS, COS, and SCS). Respondents were also categorised as either
individualistic or collectivistic (COS) and independent or interdependent (SCS) based on their scores
in each measure to allow for individual level classifications. All categorical variables examined in the
regression analyses were first coded into dummy variables. A supplementary analysis comparing the
questionnaire scores between groups defined by geographical boundaries and Hofstede’s (2017)
individualism-collectivism constructs have also been included in the appendices (see Appendix N).
These exploratory analyses do not align with the objectives of Chapter 2, although they present
some interesting insights into how the scores of each measure (COS, SCS, AHS) are represented in

differentially defined population samples.
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2.2.6 Ethical Considerations

Ethical approval was obtained from Birmingham City University’s Research Ethics Committee
(Reference: Chua #011.18; see Appendix H1). Respondents had to be above the age of 18 to provide
informed consent for participating in the study. Respondents were asked to their own unique
identity code that would allow them to remain anonymous and withdraw their data if they wished.
The contact details of the research team and the research ethics committee was provided at the

beginning and end of the study.

2.3 Results

2.3.1 Reliability Analysis

Cronbach’s alphas (a) were calculated to assess the internal consistency and reliability of

each instrument as well as its subscales.

COS. Cronbach’s reliability for the overall scale was .703 (N = 363). Specifically, a values for
the Hl, VI, HC, or VC dimensions were .687, .707, .642, and .675, respectively. As mentioned above,
separate scores were calculated for an individualism (sum of Hl and VI) and collectivism (sum of HC
and VC) dimension. The individualism dimension had a reliability of .732, while the collectivism
dimension had a reliability of .733. Generally, the reliabilities on the HI, VI, HC, and VC were also
comparable to previous findings (Germani et al., 2020, 2021; Li & Aksoy, 2007; Soh & Leong, 2002;
Stavropoulos et al., 2020). Table 2.4 presents the reliabilities for the cultural groups distinguished by
geographical regions and Hofstede’s (1980, 2001) individualism-collectivism dimensions. A
comparison between the two macro level distinctions revealed that the reliabilities for the COS was
at an acceptable range when the individualistic-collectivistic constructs were used. In contrast, the

reliabilities for the Western group were within a questionable range.
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Table 2.4

Cronbach’s Reliabilities of the COS (Triandis & Gelfand, 1998) for Cultural Groups Defined by

Geographic Regions and Hofstede’s (2017) Individualism-Collectivism Dimensions

Geographic Regions Hofstede’s Dimension

Cultural Orientations All Western Asian Individualism  Collectivism
(n=203) (n=142) (n=182) (n=168)

Overall (16-items) .703 .679 .764 .703 .750
HI .687 .619 732 .629 .730
VI .707 .707 .660 .700 .685
HC .642 .599 .667 .610 .672
vC .675 .632 737 .660 .701
Individualism 732 .703 .743 710 742
Collectivism 733 .675 .785 .703 771

Note. Separate scores were also calculated for an individualism and collectivism dimension by

summing up the HI and VI subscales as well as the HC and VC subscales, respectively.

SCS. Cronbach’s reliability for the overall scale was .692 (N = 363). Specifically, a values for
the 12 independent and 12 interdependent items were .719 and .715, respectively. These values
were consistent with previous findings (e.g., Singelis, 1994; Na et al., 2019). As seen in Table 2.5, the
reliabilities of the subscales were generally at an acceptable level when both macro level distinctions
were used. However, the individualistic group had questionable reliabilities on the SCS when items

from both dimensions were analysed collectively.
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Cronbach’s Reliabilities of the SCS (Singelis, 1994) for Cultural Groups Defined by Geographic Regions

and Hofstede’s (2017) Individualism-Collectivism Dimensions

Geographic Regions Hofstede’s Dimension

Self-Construal All Western Asian Individualism Collectivism
(n=204)  (n=140) (n=182) (n = 169)
Overall (24-items) .692 .606 .768 .590 .764
Independence 719 726 .702 .725 712
Interdependence 715 .615 .762 .641 .761

AHS. Cronbach’s reliability for the overall scale was .650 (N = 351). Alpha values for the four

dimensions of causality, contradiction, change perception, and attention was .736, .624, .675, and

.719, respectively. As seen in Table 2.6, although the scores were slightly lower than the reliabilities

reported by Cheek and Norem (2017) for the AHS (.760 to .850), reliabilities for the AHS were

comparable for both macro level distinctions.

Table 2.6

Cronbach’s Reliabilities of the AHS (Choi et al., 2007) for Cultural Groups Defined by Geographic

Regions and Hofstede’s (2017) Individualism-Collectivism Dimensions

Cognitive Style

Geographic Regions Hofstede’s Dimension

Al Western Asian Individualism Collectivism
(n=199) (n=134) (n=177) (n=162)
Overall (24-items) .650 .653 .667 .665 .649
Causality .736 742 .698 .759 .676
Contradiction .624 .631 .578 .645 .567
Perception of Change .675 .675 .651 .693 .636
Locus of Attention 719 718 734 718 729
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Taken together, the reliability analyses for the COS, SCS, and AHS for macro groups defined
by geographical regions as well as Hofstede’s (1980) individualism-collectivism dimension revealed
generally comparable outcomes. The scale reliabilities were also generally consistent with previous
research (Choi et al., 2007; Hao et al., 2020; Na et al., 2020; Singelis, 1994; Triandis & Gelfand, 1998);
Choi et al. (2007) reported reliabilities ranging from .560 to .710 for the AHS. Triandis and Gelfand
(1998) reported reliabilities ranging from .730 to .820 for the COS. Singelis (1994) observed alphas
ranging from .690 and .740 for the SCS independent and interdependent subscales. Cheek and
Norem (2017) also reported reliabilities ranging from .740 and .850 for the AHS and SCS. The

implications of these findings are considered further in the Discussion (see Section 2.4).

2.3.2 Testing Construct Validity

An exploratory factor analysis (EFA) is data driven and provides an insight into the factor
structure and construct equivalence of an instrument (Yong & Pearce, 2013). Therefore, a factor
analysis was carried out to identify if the underlying patterns extracted in the present dataset
matches the previously reported factors for the COS, SCS, and AHS. The outcomes presented here
will inform the multilevel framework in the present thesis and inform analysis strategies that can be
applied to future cross-cultural comparative research (Boer et al., 2018). The correlation matrices for
all scales are attached in the appendices (See Appendix O). Assumptions related to multicollinearity
were met. The present study defined factor loadings of 0.32 as weak, 0.45 as reasonable, 0.55 as
good, 0.63 as very good, and 0.71 as excellent (Tabachnick & Fidell, 2019). Items with factor loadings

greater than .300 were considered relevant and interpretable factors (Stevens, 1986).

Cultural Orientation Scale. Sixteen questions on the COS were factor analysed using a PAF
method with Varimax (orthogonal) rotation. An orthogonal rotation was used as the individualism-
collectivism constructs are separate and distinct (Li & Aksoy, 2007). The Kaiser-Meyer Olkin (KMO)
measure of sampling adequacy (KMO = .750) and Bartlett’s Test of Sphericity (x? (120) = 1245.79, p <

.001) indicated that the sample size was satisfactory (N = 363), and the responses were factorable.
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The analysis yielded four factors?! (eigenvalues greater than 1 and based on the Scree plot
inflection), explaining a total of 54.04% of the total variance for the dataset (see Appendix P1). The
first factor was labelled horizontal collectivism due to high loadings by the four HC items in the scale.
However, one of the item loadings originated from a VC item (VC4: “It is important to me that |
respect the decisions made by my groups”). Interestingly, the deviation of VC4 and its loading on the
HC dimension was also reported in previous research (Soh & Leong, 2002; Li & Aksoy, 2007; Germani
et al., 2020). Decision-making often involves a social component; group efforts often facilitate the
decision-making process due to the diversity of each member's knowledge and expertise (Larrick,
2016). Therefore, the item deviation could be attributed to changes in perceptions towards group
dynamics in decision-making; there is perhaps a shift towards greater acceptance of a democratic
process in making decisions that could impact the group. The first factor (HC) explained 19.10% of

the variance (Extraction Sum of Squared [SS] Loadings = 15.62) for the sample.

Figure 2.1

Factor loadings of Triandis and Gelfand's (1998) COS for all Participants (N = 363)

[ Individualism ] [ Collectivism ]
17/\933% 19A74%
Horizontal Vertical Horizontal Vertical
Individualism Individualism Collectivism Collectivism

(H1) (vn) (HC) (va)

Vi1l (| vi2 Vi3 (| VI4 [HCl][HCZ][HCB][HC4][VC1][VC2][VC3][VC4]
560 .835 492 461 566 .630 .591 .569 .572 592 456 .601 .562 631 .810 .528

Note. The percentage values represent the amount of variance each subscale accounted for. The
analysis yielded four factors that align with Triandis and Gelfand's (1998) findings, although on VC
item on group decisions loaded onto the HC factor. A VI item was a complex variable with high

loadings on a second factor (Hl).

1 A parallel analysis (O’Connor, 2000) revealed that up to nine factors with eigenvalues above .039 should be
retained. Therefore, all four factors extracted from the PAF were retained and discussed as the lowest
eigenvalue value observed was 1.24 (see Appendix P1).
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The second factor was labelled horizontal individualism due to the high loadings from the
four HI items of the scale. The variance explained by this factor was 17.23% (Extraction SS Loadings =
13.41). The third factor was labelled vertical individualism, with high loadings stemming from the
four VI items, and this factor accounted for 9.98% of the variance (Extraction SS Loadings = 6.64). As
seen in Figure 2.1, one of the VI items (“It is important that | do my job better than others”) was
classed as a complex variable as it also had a factor loading of .350 on the HI factor. The overlap for
this item can be attributed to commonalities between both factors as they relate to the
individualism dimension. Furthermore, economic growth has motivated cultural shifts across
societies and nations towards individualism (Greenfield, 2009; Hamamura, 2012; Inglehart & Baker,
2000; Zhou et al., 2018). Similarly, there is a shift in the discourse around workplace identities where
individuals are increasingly individualistic and competitive (Barrett & Dailey, 2018). Indeed,
traditional organisational hierarchies are transforming — becoming simpler — and employees are
empowered to be proactive and self-managing in the workplace (Romme, 2019). The fourth and
final factor was labelled vertical collectivism due to factor loadings from the three remaining VC
items. This factor accounted for 7.74% of the total variance (Extraction SS Loadings = 4.25).
However, the eigenvalue for the VC factor structure following extraction was .680, thereby

suggesting that the VC construct was not strongly represented within the present sample.

Taken together, the patterns of response for the COS parallels with previous research
(Kurman & Sriram, 2002; Lalwani & Shavitt, 2013; Li & Aksoy, 2007; Soh & Leong, 2002; Triandis &
Gelfand, 1998). The factor loadings ranged between reasonable and excellent for the sample (see
Appendix P1 for factor loadings table). However, the communalities of the variables included were
low (M =.399; Range = .249 to .707). Scale items should have communalities of at least 0.400
(Costello & Osborne, 2005; Osborne et al., 2011), although Child (2006) suggests that only items with
communalities lower than .200 should be excluded. Since this is an exploratory study, these items

were considered in subsequent analyses following Child’s (2006) recommendations.
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Measurement equivalence for the COS was established for the individualistic and
collectivistic groups distinguished using Hofstede’s (2017) dimensions as there were similar factor
loadings between both groups (see Appendix P2). However, as seen in Figure 2.2 (A; B), there was a
group difference in the variances of the four factors. The VI and HC factors accounted for most of the
variance on the COS for the individualistic group. In contrast, the horizontal dimensions accounted
for most of the variance for the collectivistic group, suggesting that the collectivistic sample in the
present study may have more salient perceptions of equality. These group differences were explored
further as a supplementary analysis (see Appendix N). Nonetheless, the variance values were not
used as an indicator of measurement equivalence across groups, as this was suggested to be
redundant when making comparisons on psychological constructs (Cheung & Lau, 2012). Instead,
due to the differences in factor structure variances, a supplementary analysis was conducted to

explore the value differences between the differentially defined groups (see Appendix N).

When geographic regions were used as the macro level distinction instead of the
individualism-collectivism constructs, five factor structures were identified for the Asian group
instead of the four factors identified for all participants above (see Appendix P3 and P4 for factor
loading tables). Therefore, as seen in Figure 2.2 (C; D), measurement equivalence could not be
established for the COS when geographical distinctions were used. This discrepancy in findings could
be due to a difference in understanding of the underlying constructs being measured on the COS
when cultural groups were defined by geographical regions (Boer et al., 2018). Therefore, the use of
Asian and Western geographical distinctions could present limitations related to measurement

equivalence, and value differences observed on the COS should be interpreted with caution.
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Figure 2.2

Factor loadings of Triandis and Gelfand's (1998) COS for Individualistic (A) and Collectivistic (B) Groups as well as Western (C) and Asian (D) Groups

(A) [ Individualism ] [ Collectivism } Individualism [ Collectivism ]
17.09% 17.61% 8.45% g V\ 18% 17.91% 10.06%
Horizontal Vertical Horizontal Vertical H_nr_lzont'al \'Ie'rtlca! Horizc:n_tal VETtif?'
Individualism Individualism Collectivism Collectivism Individualism Individualism Collectivism Collectivism
(i) (HC) (ve) (H1) (V1) (HC) (vc)

(2 )(mz (s J(ma ]

494 780 .537 362 538 643 .680 495 573 571 .405 595 532 614 .876 .553 .507 .815 490 310 .562 .41 .661 531 .533 .561 462 572 571 .634 799 .581

B [ Individualism Collectivism ] (D) Individualism Collectivism
(B)
7.38% 16.63% 6.30% 16.29%
9.43%
Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal Horizontal Vertical
Individualism Individualism Collectivism Collectivism Individualism Individualism Collectivism A Collectivism B Collectivism
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(H1) (HC_A) (HC_B)

632  .810 470 579 519 655 475 555 527 512 512 .657 714 .695 .605 .684 597 829 473 605 591 562 422 617 458 872 381 658 705 630 746 729

Note. The percentage values represent the amount of variance each subscale accounted for. Figure 2.2(A) represents the factor loadings for the
individualistic group (n = 182), while Figure 2.2(B) represents the factor loadings for the collectivistic group (n = 168). By geographical regions, Figure 2.2(C)
represents the factor loadings for the Western group (n = 203), while Figure 2.2(D) represents the factor loadings for the Asian group (n = 142). Five factors

were identified for the Asian group instead of the four reported for the other groups.
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Self-Construal Scale. A PAF analysis with a Varimax (orthogonal) rotation of twenty-four
items from the SCS was conducted on data gathered from 363 respondents. The KMO (KMO = .737)
and Bartlett’s Test of Sphericity (p < .001) indicate that the data meets the criteria for a factor
analysis. Despite the purpose of the SCS in assessing only two constructs (independent and
interdependent self-construal), the analysis yielded seven factors? explaining a total of 53.07% of the

variance for all the variables (see Appendix Q1 for factor loadings table).

For the interdependence dimension, the first (related to relational interdependence), fifth
(related to respect for authority figures), and seventh factor (related to a sense of responsibility
towards others), accounting for 13.49%, 4.80%, and 4.29% of variance respectively, consisted of 11
interdependent self-construal items (see Figure 2.3). For the independence dimension, factor two
(related to behavioural consistency and acting the same way), four (related to assertiveness), and six
(related to being distinct) consisted of eight items which accounted for 13.19%, 5.41%, and 4.55% of
the variance. Interestingly, factor three, which accounted for 7.33% of variance, consisted of five
factor loadings — four of which were independent items (related to self-precedence) and one of
which was an interdependent item (INT 3: “I respect people who are modest about themselves”).
This finding was replicated in Wang’s (2000) study. Wang (2000) reasoned that although modesty
has been a highly valued trait in East Asian cultures (e.g., Fu et al., 2016; Koh & Wang, 2012),
American cultures may be reweighting the importance placed on this value. There were also three
complex variables in the dataset which had loadings greater than .300 on two factors, and these
included three interdependent items (INT 3, INT 11, and INT 12). Nevertheless, these complex
variables loaded on factors that consisted of similar items (e.g., an interdependent item loading on

factors that consist of other interdependent items).

2 A parallel analysis (O’Connor, 2000) revealed that up to thirteen factors with eigenvalues above .024 should
be retained. Therefore, all seven factors extracted from the PAF were retained and discussed as the lowest
eigenvalue value observed was 1.03 (see Appendix Q1).
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Figure 2.3

Factor loadings of Singelis' (1994) SCS for all Participants (N = 363)
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Note. The interdependent dimension was composed of three factor structures that consisted of 11
interdependence items from the original SCS (Singelis, 1994). The independent dimension was
composed of four factor structures that consisted of 12 independent items and one interdependent
item (INT 3). There were also three complex variables (red dotted lines) from the interdependence
items, although these loaded on factors that also consisted of interdependence items. The

percentage values represent the amount of variance each subscale accounted for.
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The communalities of the variables included were generally at an acceptable level (Child,
2006), although two items (IND 2: "I feel comfortable using someone's first name soon after | meet
them, even when they are much older than I am." and IND 9: "I value being in good health above
everything.”) had a low amount of variance (15.30% and 16.90%) in common with the other
variables. It is estimated that these items may not be appropriate representations of self-construals.
For example, interest and concern over personal wellbeing are rising, with healthcare information
readily shared and available on platforms such as social media (Ker et al., 2014; Li et al., 2018).
Therefore, the ease and convenience of access to health-related information could have changed
perceptions surrounding good health for the self, hence the low communality for the item. Taken
together, some items on the SCS may be outdated. Furthermore, Wang (2000) also proposed that at
least three items were required to meet a loading criterion, thereby invaliding factors four to seven
for the sample in the present study. As such, a second PAF analysis with varimax rotation was carried

out with a preset for a two-factor solution designated for the SCS (Singelis, 1994).

As seen in Figure 2.4, the analysis revealed two factors, each loaded with 12 items
corresponding to the 12 independent and 12 interdependent self-construal items by Singelis (1994).
Factor loadings on the preset analysis ranged from very weak to good (.262 to .606), indicating
inconsistency and variations in the strength of factor loadings. Indeed, the two factors accounted for
only 26.68% of the total variance. Furthermore, the communalities of the items ranged from .072 to
.267, with twelve items presenting communalities below the 0.200 cut-off point (see Appendix Q2
for factor loadings table). There is a need to evaluate the construction of items in the SCS as it could

impact the interpretation of behavioural findings in cross-cultural comparative research.
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Figure 2.4

Factor loadings of Singelis' (1994) SCS on a Two-Factor Preset for all Participants (N = 363)
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Note. Two factors were identified, with each factor corresponding to the 12 independent and 12
interdependent self-construal dimensions by Singelis (1994). Factor loadings with the preset ranged
from very weak to good, indicating inconsistency and variations in the strength of factor loadings.

The percentage values represent the amount of variance each subscale accounted for.
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To establish measurement equivalence for the SCS when groups were differentially defined
at the macro level, separate factor analyses according to Hofstede’s (1980, 2001) individualism-
collectivism dimensions revealed nine factors for the individualistic group (KMO = .659, p < .001),
while eight factor structures were extracted for the collectivistic group (KMO = .724, p < .001; see
Appendix Q3 and Q4 for factor loadings table). Four factors, including 11 SCS independence items,
accounted for 36.75% of the variance for the individualistic group (n = 182). However, one of the
items (IND 9: “l value being in good health above everything.”) loaded as a standalone single-item
factor. As mentioned earlier, perceptions of health and wellbeing are closely intertwined with
globalisation (Beumer et al., 2018), and socioeconomic, political, and environmental changes have
shifted the discourse around personal health and wellbeing (Martens et al., 2010). Therefore, it is
estimated that the original characterisation of independence and interdependence by Markus and
Kitayama (1991) to differentiate North American and East Asian cultures based on health priorities
may no longer be relevant due to these sociocultural shifts. Indeed, the factor structure identified
from the collectivistic group (n = 169) also could not be clearly defined based on Singelis’ (1994)

independence and interdependence constructs.

Similar findings were also identified for groups differentiated by geographical boundaries.
Although both Western (KMO = .658, p < .001) and Asian (KMO = .717, p < .001) groups exhibited
eight factors respectively on the SCS, the item loadings were not matched between both groups (see
Appendix Q5 and Q6 for factor loadings table). Factor structures and variance for the Western (n =
204) and Asian (n = 140) groups as well as the individualistic and collectivistic groups were similar.
Therefore, due to the general lack of equivalence, any findings related to the SCS, such as those in
Appendix N, should be interpreted with caution as extraneous factors (e.g., misinterpretation of

items between cultural groups) could impact the comparability of findings (Boer et al., 2018).

Analysis-Holism Scale. Twenty-four items on the AHS were factor analysed using PAF with

an Oblimin (oblique) rotation. An oblique rotation was used for the AHS as the four original
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dimensions are conceptually related, where all dimensions contribute to a composite holism score
(Choi et al., 2007). The measure of sampling adequacy (KMO = .764) and Bartlett’s Test of Sphericity

(p <.001) both indicate that the sample of 351 respondents was sufficient for the factor analysis.

The analysis yielded six factors® explaining a total of 55.29% of the variance for all the
variables (see Appendix R1 for pattern matrices). Factor 1 accounted for 17.15% of the total
variance. The item loadings for this factor originated from five attention items (Attention 1, 2, 3, 4,
and 5), and an item from the attitude towards contradiction dimension (Contradiction 5). Factor 2,
which accounted for 12.71% of the variance, consisted of three causality attribution items (Causality
4,5, and 6), one change perception item (Change 5), and one attention item (Attention 6). Five items
from the attitude towards contradiction dimension loaded into two distinct factors, Factor 3
(Contradiction 2, 3, and 4) and Factor 5 (Contradiction 1 and 6), which accounted for 8.11% and
4.96% of the total variance, respectively. Factor 5 consisted of three causality attribution items
(Causality 1, 2, and 3) which accounted for 4.96% of the total variance. Lastly, five change perception
items loaded into Factor 6, which accounted for 4.66% of the variance (Change 1, 2, 3, 4, and 6). The
loadings on the pattern matrix were generally consistent with the structure matrix (see Appendix
R2), except for one item from the contradiction dimension (Contradiction 5) which correlated with

the items in the change perception factor structure.

The communalities of the variables included were generally at an acceptable level. However,
one variable (Contradiction 5: “Choosing a middle ground in an argument should be avoided.”) had a
low amount of variance (16.60%) in common with the other variables in the analysis. In summary, six
factors were identified in the analysis contrary to the four designated dimensions of the scale (Choi
et al., 2007). Furthermore, the item loadings on each factor were also inconsistent with Choi et al.’s

(2007) four original dimensions for the AHS.

3 A parallel analysis (O’Connor, 2000) revealed that up to thirteen factors with eigenvalues above .026 should
be retained. Therefore, all six factors extracted from the PAF were retained and discussed as the lowest
eigenvalue value observed was 1.12 (see Appendix R1).
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Factor Loadings (Pattern Matrix) with a Four-Factor Preset for the AHS (Choi et al., 2007)
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Factor Loadings

AHS Descriptives
1 2 3 4 Communality M SD
Factor 1: Locus of Attention
ATTENTION2 714 -.072 -.127 .143 .559 4,54 1.39
ATTENTION1 .681 .046 .028 .010 444 4.85 1.42
ATTENTION4 .658 -.049 -.024 .049 445 4,53 1.48
ATTENTION3 .634 -.136 -.041 -.001 470 4.83 1.47
ATTENTIONS .375 .032 -.044 -.246 .245 5.18 1.27
Factor 2: Change Perceptions
CHANGE3 .024 .613 .138 .013 .395 4.43 1.53
CHANGE?2 -.008 .585 .080 -.021 .357 4.66 1.44
CHANGE1 -.081 .557 .013 122 .353 4.23 1.57
CHANGE4 -.107 .526 .165 -.119 .360 4.10 1.48
CHANGE®6 -.111 .326 -.029 .188 171 3.81 1.48
CONTRADICTIONS -.195 .292 -.199 .049 .170 432 1.48
Factor 3: Attitude Towards Contradiction
CONTRADICTION3 .055 .025 -.638 -.085 454 5.23 1.28
CONTRADICTION1 .015 -134 -.577 .097 .347 4.68 1.42
CONTRADICTION2 .060 .086 -.569 -.032 .350 5.48 1.19
CONTRADICTION4 -.077 -.027 -.500 -.099 273 5.16 1.24
CONTRADICTIONG6 .096 -.122 -.445 .019 243 4.79 1.56
Factor 4: Causal Attributions
CAUSALITY3 -.091 -.239 -.081 -.653 477 5.08 1.28
CAUSALITY1 -.159 -.129 .003 -.638 .393 5.45 1.26
CAUSALITY6 .046 .094 -.007 -.613 401 5.56 1.03
CAUSALITYS .254 .165 .030 -.583 468 5.61 1.09
CAUSALITY4 .073 .155 -.099 -.538 .370 5.53 1.12
CAUSALITY2 -.008 -.164 .015 -.412 .187 4.70 1.62
ATTENTIONG .011 .298 -.126 -.378 274 6.01 0.89
CHANGES5 .087 .313 -.122 -.340 .261 6.11 0.90
Eigenvalue 4.12 3.05 1.95 1.85
% of Total Variance 17.15 12.71 8.11 7.70
Total Variance 45.67%

Note. Factors were extracted using principal axis factoring and an oblique (Oblimin) rotation. The four-

factor preset revealed structures that were mostly consistent with Choi et al.’s (2007) proposed

dimensions. However, one attitude towards contradiction item loaded on the change perception

factor. One attention item and change perception item also loaded on the causal attribution factor.
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As the factor loadings extracted from the present dataset deviated from the four dimensions
originally proposed for the AHS, a preset four-factor solution was administered. The PAF analysis
with Oblimin rotation revealed that the four factors accounted for 45.67% of the total variance (see
Table 2.7). However, the items loaded on this preset four-factor solution also did not fully match the
four dimensions proposed by Choi et al. (2007) although some similar patterns emerged (see Figure
2.5). Following the factor preset, only three items (Contradiction 5, Attention 6, and Change 5) did
not load on their designated dimensions. The communality for three items were also below .200

when the preset was used.

Figure 2.5

The Structure Matrix of Choi et al.'s (2007) Analysis-Holism Scale on a Four-Factor Preset (N = 351)
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There was also a lack of measurement equivalence for the AHS as the factor structure
extracted for the individualistic group (KMO = .705, p < .001; see Appendix R3 and R4) was not
matched with the collectivistic group (KMO =.711, p < .001; see Appendix R5 and R6). Six factors
were identified for the individualistic group (n = 177), with two causality items (Causality 5 and
Causality 6) and one attention item (Attention 6) accounting for the largest amount of variance
(15.30%). In contrast, eight factors were identified for the collectivistic group (n = 162), where four
attention items (Attention 1, 2, 3, and 4) accounted for the largest variance (19.07%). For the groups
distinguished by geographical regions, both Western (n = 196; KMO = .707, p < .001) and Asian (n =
134; KMO = .688, p < .001) participant groups had seven extracted factors. However, a visual
inspection revealed a discrepancy of the item loadings on each factor between both groups (see
Appendix R7 and R9 for comparison). Therefore, there was also a lack of measurement equivalence
for the geographically distinguished groups. Furthermore, although the dimensions of the AHS
should be correlated (Choi et al., 2007), the factor correlation matrix for the sample in the present

study revealed only small to moderate correlations between the factors (see Table 2.8).

Table 2.8

Correlation Matrix for Extracted Factors on the AHS (Choi et al., 2007) for all Participants

Factors 1 2 3 4 5 6
1 -
2 .072 -
3 -.070 -171 -
4 -.163 -.280 128 -
5 .195 .052 -.344 -.104 -
6 -.326 167 .046 217 -.151 -

Note. The factor correlation matrix for the sample (N = 351) in the present study revealed only small
to moderate correlations between the factors, thereby contradicting Choi et al.’s (2007)

conceptualisation of the AHS.
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The factor analyses suggest that the SCS and AHS may have insufficient construct validity
and a lack of measurement equivalence for cross-cultural group comparisons. In contrast, the overall
data patterns of the COS identified in the present study appears to be consistent with the original
conceptualisation of the scale, albeit with one item deviation. Measurement equivalence was also
established for the macro groups defined by Hofstede’s (2017) individualism-collectivism dimension
for the COS. Nonetheless, the inconsistent factor structures identified for the three measures could
be attributed to cultural shifts or changes in values structures across societies (Chen et al., 2020).
Accordingly, it is important also to consider the demographics of individuals, societies, and nations
that contribute to the multilevel cultural framework. The concurrent and predictive validity of the

SCS, COS, and AHS will thus be examined in the next section.

2.3.3 Examining the Influence of Demographic Variables on Scale Responses and Assessing the

Concurrent and Predictive Validity of the COS, SCS, and AHS

The analyses presented in this section assessed H3 and H4 (see Section 2.1.1). A multiple
regression analysis (enter method) was run to predict COS individualism scores based on gender,
age, ethnicity, living arrangement, years lived outside of the country of birth, geographical
background, and Hofstede’s (2017) individualism-collectivism dimension. These variables did not
predict COS individualism scores (p = .068), although the collectivistic group variable added
statistical significance to the regression model (B = 6.62; p = .038). The regression model for COS
collectivism scores was also not significant (p = .460). However, one variable, living alone (B = -2.90;
p = .035), added statistical significance to this model, suggesting that living alone was predictive of
lower COS collectivism scores. A second regression analysis for the SCS revealed a significant model
for the independence subscale (F(13, 362) = 1.82, p = .039), whereby White ethnicity (B =-.333; p =
.015) was predictive of lower independence scores on the SCS. In contrast, the regression model for
the SCS interdependence scores was not significant (p = .085). The third regression analysis revealed

that the demographic variables were not predictive of AHS holism scores (p = .366).
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Concurrent validity was assessed by comparing participants’ scores on the SCS and COS.
Members of individualistic and Western cultures are associated with more independent self-
construal, while those from collectivistic or Asian cultures are characterised by more interdependent
self-construal (Choi et al., 2007; Markus & Kitayama, 1991; Yu et al., 2021). The COS was designed to
assess the horizontal and vertical attributes of individualism and collectivism, while the SCS
measures adherence to independence and interdependence values. Table 2.9 shows the relationship
between the cultural variables measured by the two scales. As predicted, the COS individualism

scores were significantly correlated with the SCS independence scores (moderate association).

Similarly, there was a significant positive correlation between the COS collectivism and SCS
interdependence scores (moderate-strong association). The positive correlation between COS
collectivism and SCS independence scores seem paradoxical, and it is estimated that this finding
could be attributed to variations in the cultural constructs that each scale is assessing (e.g., cultural
orientation vs social orientation) or the lack of construct validity of the scales (see Section 2.3.2).
Alternatively, the vertical items in the COS collectivism subscale, which relates to the endorsement

of hierarchy, could be linked to values of independence that people may hold.

Table 2.9

Correlation Matrix of all Variables Measured by the COS, SCS, and AHS

AHS Ccos cos SCS SCS
Holism Individualism  Collectivism  Independence Interdependence

AHS Holism -

COS Individualism .047 -

COS Collectivism .164* .067 -

SCS Independence .054 .345%* 213%* -

SCS Interdependence .293** -.07 .524%** -.004 -

*p < .05, **p < .001
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The predictive validity of the COS and SCS was also assessed by examining if holistic thinking
styles could be predicted by COS individualism and COS collectivism or independent and
independent self-construal. The ways in which people from different cultures define the self has
been linked to differences in cognitive styles; interdependent self-construal is related to more
holistic thinking, while independent self-construal has been associated with more analytic thinking
styles (e.g., Choi et al., 2007; Dong et al., 2019; Haberstroh et al., 2002; Krishna et al., 2008; Talhelm
et al., 2014; Uskul, Nisbett, et al., 2008). Indeed, there were significant positive correlations between
holism scores and COS collectivism and SCS interdependence scores (see Table 2.9). A multiple
regression analysis further revealed that the COS individualism and COS collectivism scores and the
SCS independence and SCS interdependence scores could predict AHS holism scores, F(4, 338) =
8.54, p <.001, R?=.092, Adjusted R? = .081. However, only the SCS interdependence scores added

statistical significance to this prediction (B = 4.76; p < .001).

2.4 Discussion

The exploratory nature of this methodological chapter aimed to establish the foundations of a
multilevel framework consisting of micro (individual) and macro (group) level cultural features. The
framework could then support and explain the behavioural findings reported in the subsequent
experimental chapters of this thesis. The measures and instruments used in cross-cultural research
should capture the multifaceted nature of culture to provide a comprehensive narrative of the value
differences that exist across nations and individuals (Dowd & Artistico, 2016; Goodwin et al., 2020;
Lux et al., 2021; Simko & Olick, 2021). Therefore, the present study assessed the measurement
equivalence of micro (individual) level measures such as Triandis and Gelfand’s (1998) COS, Singelis’
(1994) SCS, and Choi et al.’s (2007) AHS when used on groups differentially defined at the macro
level. The macro level examined in the present study was defined by geographical boundaries (Asian
vs Western regions) and Hofstede’s (2017) individualism-collectivism dimensions. The reliability and

validity (construct, concurrent, and predictive) of the COS, SCS, and AHS were also examined to
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assess the utility of these instruments in predicting how adherence to values of individualism,
independence, and holism (Choi et al., 2007; Koo et al., 2018; Na et al., 2020; Singelis, 1994; Triandis
& Gelfand, 1998). This exploratory study has revealed some interesting findings and inconsistencies.
These have implications on how research employing these measures should interpret observed

differences (or lack thereof) between cultural groups.

The AHS, COS, and SCS had moderate internal consistencies that were generally comparable
to previous studies (e.g., Choi et al., 2007; Germani et al., 2020; Hao et al., 2020; Li & Aksoy, 2007;
Stavropoulos et al., 2020; Triandis & Gelfand, 1998). Therefore, H1 was accepted. All three measures
in this study presented moderate levels of reliability. However, some items on the scales may be
outdated following globalisation and sociocultural shifts (Chen et al., 2020; Vignoles et al., 2016).
Irrelevant or uncorrelated items on these cultural scales could significantly reduce the alpha values
and internal consistencies. Cultural measures should thus be systematically revised and updated
following recent research to ensure the reliability of the measures when used in different
populations, especially within cross-cultural comparison research (Lux et al., 2021; Martin-Fernandez
et al., 2022; Minkov et al., 2017). Indeed, the moderate internal consistency foreshadowed the
subsequent construct validity tests that identified several complex variables and scale items that did

not load on their predicted factors.

Cultural instruments should accurately and consistently capture the cultural values and
beliefs that one holds in varying situations and circumstances (Boer et al., 2018; Sivadas et al., 2008).
However, H2a was rejected for all three measures when groups were defined by geographical
regions as the factor structures were not comparable between the Asian and Western groups. H2b
was also only partially accepted for the COS, where measurement equivalence was established for
the groups defined by the individualism-collectivism dimensions (Hofstede, 2017). The lack of
equivalence could be attributed to overly narrow or broad statements that introduce inconsistencies

(Dowd & Artistico, 2016; Hardin et al., 2004; Levine et al., 2003). Indeed, several items in the AHS
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were found to load highly onto factors contrary to the constructs they were designed to measure.
These findings are consistent with Lux et al.’s (2021) assertion that the AHS lacks a clear dimensional
structure due to redundant items, low reliability, and crossover items (variables cross-loading on
different dimensions). Therefore, group comparisons based on the scale measures should be
interpreted cautiously to avoid the misattribution of cultural values to cognition and behaviours
(Boer et al., 2018). Furthermore, culture and social structures are implicit; people may not be aware
of how their thoughts and behaviours are shaped by micro and macro level environmental
influences (e.g., demographic factors). As such, responses on self-report measures may not always

be a complete and accurate reflection of cultural attitudes and beliefs.

The conceptualisation of culture can also encompass geographic (e.g., country of origin,
nationality), associative (e.g., family, living arrangements), and demographic (e.g., ethnicity, age,
gender) factors (Brewer & Venaik, 2011; Chao & Moon, 2005; Goodwin et al., 2020; Heu et al., 2019;
Taras et al., 2016; Vignoles et al., 2016). However, the null hypothesis was accepted for H3 as the
demographic variables were not predictive of scores on the three measures. Collectivistic
backgrounds, living arrangements, and ethnicity contributed to the COS and SCS models.
Nonetheless, the lack of overall significance in the regression models highlights the need to revise
existing measures or develop new instruments that account for economic, social, and political shifts
(Brandt et al., 2014; Wong et al., 2008; Zhou et al., 2018). Indeed, the supplementary analyses
revealed that the COS, SCS, and AHS did not effectively differentiate the individualistic and
collectivistic groups (see Appendix N). Furthermore, although some value differences were observed
between Asian and Western groups on the SCS and AHS, it is estimated that the scales may not be
measuring the intended constructs within different populations (Boer et al., 2018; Hardin et al.,
2004; Soh & Leong, 2002). The conflicting results from the present study suggest a need for further
development and validation of methods to assess the multidimensional features of culture (Lux et

al., 2021; Martin-Fernandez et al., 2022; Sivadas et al., 2008).
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It is also vital to examine and evaluate the concurrent and predictive validity of existing and
future cultural measures, particularly within the current context of rapid globalisation and
sociocultural shifts (Chen et al., 2020; Vignoles et al., 2016). Establishing predictive validity ensures
the practicality of a psychological measure as it enables an extension of significant outcomes from
the scale to other cognitive or behavioural manifestations (Barrett et al., 1981; Bergkvist & Rossiter,
2007). H4 was partially accepted for the present study as positive correlations were observed
between the COS collectivism, SCS interdependence, and AHS holism scores. Furthermore, the SCS
interdependence scores predicted greater holism scores, thus demonstrating its predictive validity.
The COS, in contrast, appeared to lack predictive validity as the COS collectivism scores did not
predict holism scores. Nevertheless, since the cultural dimensions of the COS and SCS were
correlated and informed each other to some extent, concurrent validity was established for both
measures. These findings provide useful evidence of the relationship between these cultural
constructs consistent with previous literature (Koo et al., 2018; Masuda et al., 2008; Na et al., 2020;

Oyserman et al., 2002; Oyserman & Lee, 2008; Senzaki et al., 2014; Yu et al., 2021).

The inconsistencies observed in the present chapter also aligns with previous research
(Dowd & Artistico, 2016; Hardin et al., 2004; Levine et al., 2003; Na et al., 2020; Wang, 2000). As
such, the efficacy of these instruments for differentiating cultural groups based on values and beliefs
may present limitations due to their capacity to fully capture the complexity of culture (Hardin,
2006). For example, clear patterns sometimes do not emerge in cross-cultural research as the
samples may not represent distinct cultural systems (Gudykunst & Lee, 2003). Replication studies in
this domain should thus engage highly diversified samples as it is important to establish an accurate
representation of cultural constructs across different nations, societies, and individuals (Boer et al.,
2018). Indeed, the issue of generalisability in cross-cultural studies is difficult to circumvent. There is
a need to move beyond cross-cultural comparisons involving only two countries (Boer et al., 2018;
Vignoles et al., 2016). A large and diverse sample representative of the population of different

countries as well as from varying age groups, SES, ethnicity, lifestyle, education, amongst others, is
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recommended to improve the generalisability of findings when comparing groups at a macro level
(Germani et al., 2020; Li & Aksoy, 2007). Notably, future research should account for these
multidimensional cultural features at the micro level when making inferences and deductions about

behavioural differences observed across cultures (Boer et al., 2018).

As discussed earlier, individual levels of analyses, in addition to a collective one, is essential
in cross-cultural research to provide an insight into the nature and function of the individual in the
transmission of cultural values, behaviours, and norms (Fischer, 2009). Individuals act as carriers of
culture, although cultural expressions can manifest at the micro and macro levels (Erez & Gati,
2004). However, a lack of consensus of a universal theoretical conceptualisation makes it challenging
to establish a measure that can effectively capture the thoughts and behaviours informed by cultural
influences (Caprar et al., 2015). Therefore, future research can use more complex methods such as a
standardised econometric approach (Fiebig et al., 2010). This approach provides a flexible estimation
of complex aggregate models that incorporates distributions of individual heterogeneity. A Bayesian
modelling approach functions similarly: constructing individual models that operate under varying
assumptions and circumstances based on information that is unique to the individual and
information commonly associated with the population (Vidaurre et al., 2013). The breadth provided
by such models would further our understanding of the multilevel and bidirectional patterns of
culture (Ringle et al., 2010). These are highly advantageous methods that can be applied to future
research to establish a holistic multilevel approach to understanding cultural differences (Boer et al.,
2018; Brewer & Venaik, 2011, 2012; Chen et al., 2020; Goodwin et al., 2020; Steel & Taras, 2010; Van

De Vijver & Leung, 2000; Vignoles et al., 2016).

2.5 Chapter Summary

In conclusion, the moderate internal reliabilities and the concurrent validity tests provided
some evidence of the utility of the COS, SCS, AHS. However, the inconsistent factor structures for the

COS, SCS, and AHS when used on varying macro level differentiations indicate a need to revise these



95

instruments to parallel with current cultural trends across nations, societies, and individuals.
Nevertheless, at the macro level, the individualism-collectivism dimension remains a significant and
influential explanatory construct for describing collective and aggregated features of a nation
(Brewer & Venaik, 2012; Schimmack et al., 2005; Venaik & Brewer, 2013; Venkateswaran & Ojha,
2019). Similarly, considering individual-level variances at the micro level can offer valuable insight
into the dynamic and complex nature of cultural conceptualisations (Boer et al., 2018). Taken
together, the use of a multilevel cultural framework is advantageous since it considers cultural
characteristics at both macro and micro levels (Boer et al., 2018; Brewer & Venaik, 2011, 2012; Chen
et al., 2020; Goodwin et al., 2020; Steel & Taras, 2010; Van De Vijver & Leung, 2000; Vignoles et al.,
2016). Additionally, the findings have established the importance of ensuring measurement
equivalence in future cross-cultural comparative research. The present study provides an important

foundation of knowledge for deciphering the subsequent behavioural studies in this thesis.
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Chapter 3: Cultural Differences in Visual Perceptual Learning of Global Forms

This chapter presents the first examination of cultural differences in VPL using some features
of the multilevel cultural framework assessed in Chapter 2. Specifically, Chapter 3 examines how
people from individualistic or collectivistic backgrounds (macro level) learn to differentiate global
forms embedded in noise. Singelis’ (1994) SCS was also used to assess if differences in performance
could be attributed to independent and interdependent values at the micro level. As mentioned
previously, despite presenting certain limitations, existing cultural measures remain valuable tools
for attributing differences in cognition to specific cultural values (Han & Humphreys, 2016; Lux et al.,
2021; Martin-Fernandez et al., 2022). Only the SCS was first employed in this study to ensure that
the investigation parallels with the widespread use of self-construals in previous culture and
cognition research (e.g., Haberstroh et al., 2002; Kitayama et al., 2017; Kitayama & Park, 2014; Kraus
& Kitayama, 2019; Kihnen & Oyserman, 2002; Ng et al., 2010; Sui & Han, 2007). This chapter will
begin with a review of how the differentiation mechanism of VPL could vary as a function of cultural
differences in cognitive styles. It will focus on the differences between individualistic and
collectivistic cultures despite the GPE and how the present study can investigate these in the context
of VPL. Results are then reported and discussed. The outcomes of this study could present
compelling evidence for using specific cultural constructs (e.g., individualism-collectivism and

independence-interdependence) within a multilevel framework to explain VPL differences.

3.1 Background

As discussed in Chapter 1, VPL represents the acquisition of visual skills through training to
allow individuals to perform an initially difficult visual task relatively precisely (Sagi, 2011; Song et al.,
2007; Watanabe & Sasaki, 2015). One of the ways VPL can occur is through differentiation. The
differentiation mechanism of VPL describes how people learn to distinguish useful specifying
variables from irrelevant nonspecifying variables in complex visual environments (Gibson, 1963;

Goldstone, 1998; see Section 1.1.1 for review). Accordingly, the visual system can focus attention on
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the most pertinent elements of a scene following training (Dosher et al., 2010; Gibson, 1963;
Maniglia & Seitz, 2018; Moore & Zirnsak, 2017; Qu et al., 2017; Rop & Withagen, 2014). Training and
practice support improvements in one’s ability to detect, differentiate and categorise initially
ambiguous visual objects based on specific features and properties (Gibson, 1963; Mayhew et al.,
2012; Pylyshyn, 1999). However, individual and cultural differences in attentional and processing
styles could impact the VPL trajectories in which people learn to discriminate visual stimuli. Cognitive
style differences such as analytic and holistic thinking have been suggested to influence the
informational variables that are detected during perception (Chua et al., 2005; Davidoff et al., 2008;
Goh et al., 2009; Jacobs et al., 2001; Kitayama et al., 2003; Markus & Kitayama, 2010; McKone et al.,

2010; Petrova et al., 2013; van der Kamp et al., 2013).

Western civilizations are generally predisposed to more analytic systems of thought which
relate to more localised and focal attentional patterns, while Asian traditions advocate holistic
thinking and a propensity towards both local features and global contexts during visual perception
(Choi et al., 2007; Masuda et al., 2016; Masuda & Nisbett, 2006; McKone et al., 2010). Cultural
differences in these attentional processes could subsequently support VPL by selecting relevant
sensory information during training. As such, people could exhibit faster improvements within
specific culturally preferred tasks where they have a perceptual advantage. For example, the analytic
processing tendencies amongst Westerners were proposed to support their ability to ignore
irrelevant information to overcome illusory biases. In contrast, East Asians with more holistic
tendencies could not overlook the contextual information that caused the illusory bias during
training (Van der Kamp et al., 2013). Therefore, cultural differences in VPL trajectories could be
linked to differential strategies in information processing as described by the analytic and holistic

systems of thought (Choi et al., 2016; Kim et al., 2010; Masuda & Nisbett, 2006; Nisbett et al., 2001).

Although visual scenes typically contain both global and local information, people tend to

exhibit increased sensitivity to global information, as described by the GPE (Mills & Dodd, 2014;
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Navon, 1977; Rezvani et al., 2020). Nevertheless, some populations demonstrate a prevailing
tendency for either local or global processing due to cultural mediation (Blais et al., 2021; Davidoff et
al., 2008; Trémoliere et al., 2021). Therefore, cultural differences in cognitive styles such as analytic
and holistic thinking may still manifest despite the GPE, especially during culturally preferred or
nonpreferred tasks (Goh et al., 2013; Hedden et al., 2008). An evidence-based selection of tasks is
thus essential; selecting tasks that engage specific culturally mediated cognitive processes could
present robust evidence of prevailing cultural influences on information processing (Cramer et al.,
2016; Lao et al., 2013; Petrova et al., 2013; Ueda et al., 2018). For instance, investigating VPL
trajectories using tasks that compel people to engage in global processing could reveal whether
global precedence is a stable phenomenon across cultures. Alternatively, it could reveal if cultural
variations in thinking styles have a dominating influence on behaviour. Importantly, the information
or cues in the task stimuli should be neutral and uninformative to minimise biases such as language
or education levels that could impact task performance (Brants et al., 2016; Doherty et al., 2008;
Dosher et al., 2010; Dosher & Lu, 1998; Kourtzi et al., 2005; Mayhew et al., 2010; McKone et al.,

2010; Millar et al., 2013; Savani & Markus, 2012; Westheimer & Lavian, 2013).

The Glass (1969) pattern discrimination task is an example of a visual categorisation task
that requires global processing to overcome sensory uncertainty (Frangou et al., 2019; Garcia et al.,
2013; Li et al., 2012; Mayhew et al., 2012; Wang et al., 2017). Radial and concentric patterns are
embedded in noise, and observers must extract relevant features to effectively discriminate these
global patterns. Observers learn how to translate sensory inputs into meaningful categories despite
the perceptual uncertainties induced by noisy backgrounds through the process of differentiation.
However, cultural differences in visual processing styles may impact how people perceive and
discriminate these patterns during learning (Caparos et al., 2012, 2020; Davidoff et al., 2008; van der
Kamp et al., 2013). Specifically, the analytic and holistic processing differences between cultures
described above could influence sensitivity to informational variables in the stimuli and impact VPL

trajectories. Therefore, cultural differences in how people process global information could manifest
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during training when people learn to effectively differentiate ambiguous visual stimuli such as the

Glass (1969) patterns.

To recap, the general emphasis of collectivism in East Asian cultures encourage
interdependent self-concepts at the individual level. In contrast, the emphasis on individualism in
Western societies encourage independent self-concepts (see Chapter 1 for further details). These
cultural and self-construal variations can also be associated with differential processing styles (e.g.,
Grossmann & Jowhari, 2018; Han & Humphreys, 2016; Kitayama et al., 2017; Kitayama & Park, 2010,
2014; Kraus & Kitayama, 2019; Kiihnen & Oyserman, 2002; Kuwabara & Smith, 2012; Lin & Han,
2009; Ng et al., 2010; Sui & Han, 2007; Zhu et al., 2016). Therefore, it is essential to consider both
individual and group level cultural differences as they may differentially impact VPL. The
individualism and collectivism constructs (Hofstede, 2017) discussed in Chapter 2 will be used as a
macro level distinction to provide a generalized view of cultural group characteristics (Daniels &
Greguras, 2014). The independence and interdependence self-construals (Singelis, 1994) will be
applied as micro level differentiation to allow the attribution of behaviours to independent and
interdependent self-construals (Kim & Sasaki, 2014; Kitayama & Uskul, 2011; Li et al., 2018; Voyer &
Franks, 2014). Due to the novelty of the research on culture and VPL, self-construals were employed
as the micro level characteristic in the first experimental study to ensure consistency in the

interpretation of findings with previous literature (e.g., Kitayama & Park, 2010).

The underlying cultural influences on VPL remain an enigma; there is a lack of research on
how differential analytic and holistic tendencies across individualistic and collectivistic cultures may
influence VPL. Culture shapes our perceptions, cognitions, and behaviours consistent with unique
cultural systems and conventions (Bang, 2015; Park & Huang, 2010; Wang, 2016). Indeed, the human
brain is sensitive to environmental and ecological demands (Boyke et al., 2008; Morishita & Hensch,
2008; Park & Huang, 2010). Therefore, experience, socialisation, or identification with a cultural

system has been proposed to regulate cognitive, behavioural, and brain responses that are
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observable even in simple and abstract tasks (Hedden et al., 2008). The present study thus aims to
identify if cultural backgrounds — represented by the individualism-collectivism constructs and
independent and interdependent self-construals — can mediate VPL in the Glass (1969) pattern
discrimination task. Any differences in performance when differentiating these global patterns
during training can be attributed to the analytic and holistic processing tendencies prevalent in

individualistic and collectivistic cultures.

3.1.1 Aims of Study

The Glass (1969) pattern discrimination task will be employed to identify cultural differences
in VPL through comparisons of perceptual accuracy. The Glass (1969) patterns are neutral and
cannot be associated with any semantic meaning (Doherty et al., 2008; McKone et al., 2010; Savani
& Markus, 2012). Therefore, participants have an equal advantage as differences in skills, expertise,
and qualifications should not interfere with task performance. Singelis’ (1994) self-construal scale
will be used to assess the differences in independent and interdependent self-construal held by the
participants. As mentioned above, collectivists and those with interdependent self-construal tend to
perceive holistically compared to individualists or those with independent self-construal. Therefore,
it is hypothesised that the collectivistic group and those with interdependent self-construal would
exhibit greater accuracy improvements in the global pattern discrimination task. The present study

would broaden our knowledge of prevailing cultural influences on VPL despite the GPE (Bang, 2015).

3.2 Method

3.2.1 Participants

Participants were recruited through opportunity sampling in a UK university. Eighty-three
participants were recruited for the present study. Among these, 41 were international students (18
Malaysians, 13 Chinese, 7 South Asians, 1 Vietnamese, 1 Emirati, and 1 Azerbaijani) who were
studying in the UK and had lived in the UK for less than five years (M = 18.44 months; SD = 16.18)

representing the collectivistic group, while 42 were British or European students representing the
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individualistic group. The European students from countries such as Spain, Romania, Sweden,
Bulgaria, Cyprus, and Denmark had been in the UK for 18 months to 17 years. Two students, both
aged 22, who were native English speakers, reported that they were not born in the UK; one
participant who was born in Jamaica had been living in the UK for 13 years, while the other who was
born in Tanzania had been living in the UK for 20 years. Both have spent most of their youth in the

UK, so they were assigned to the individualistic group.

Due to the difficulty of the task, participants who scored two standard deviations from the
mean of the first run (Run 1) were excluded from the analysis. Additionally, one participant was
further excluded for performing below chance level throughout training, suggesting they did not
understand the task instructions. Therefore, six participants were excluded, and the analysis was
conducted on seventy-seven participants who had a mean age of 21.31 (SD = 2.55) from
individualistic (n = 40) and collectivistic (n = 37) backgrounds based on their nationalities. All

participants had normal or corrected-to-normal vision and did not use special-coated eyewear.

3.2.2 Design

The present study employed a between-subjects design comparing two groups from
different cultural backgrounds defined by nationalities; half originated from collectivistic
backgrounds, while the other half were from individualistic backgrounds. Response accuracy was
recorded following previous work on the glass patterns (Frangou et al., 2019; Garcia et al., 2013;
Mayhew et al., 2012; Mayhew & Kourtzi, 2013). Response accuracy was compared between
individualistic and collectivistic cultures to investigate cultural differences in VPL trajectories. The
experiment also adopted a cued-response design with a delay between stimuli presentation and
response. This standardisation feature ensured similar RTs when participants were making a
response (Li et al., 2012). Therefore, although RTs were recorded, these were not a reflection of
learning ability but rather a measure of participant’s motor response (keypress) to the cue. Taken

together, the independent variables in the present study are individualism-collectivism cultural
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backgrounds and independent-interdependent self-construals, while the dependent variable is

performance accuracy and learning rates in the Glass (1969) pattern discrimination task.

3.2.3 Materials

Demographics Questionnaire. The questionnaire identified background information such as
nationality, gender, age, language, ethnic background, birthplace, and years lived in the UK
(Lawrence et al., 2020; Yeh, 2003). Birthplace and years lived in the UK were used to assign

participants to the corresponding experimental groups (individualistic or collectivistic backgrounds).

Singelis’ (1994) SCS. The SCS was used to identify self-construal differences between the
individuals of both experimental groups (see Appendix F). Cronbach’s reliabilities for the overall
scale were .732. Specifically, a values for the 12 independent and 12 interdependent items were
.785 and .665, respectively. These were comparable to the a values reported in Chapter 2 for the
SCS. Figure 3.1 shows that the individualistic group of participants were equally likely to hold
independent or interdependent self-construal, whereas the collectivistic group appeared more likely
to hold interdependent self-construal. However, there was no statistically significant association
between the SCS and background variables, x? (1, N = 74) = 1.58, p = .209, thus indicating that both
individualists and collectivists were equally likely to possess independent and interdependent self-
construal. Nevertheless, past studies have similarly reported inconsistent findings between
independent and interdependent self-construal constructs (Kitayama et al., 2019; Magid et al., 2017;
Marquez & Ellwanger, 2014; Na et al., 2020), and these can be attributed to factors that will be

detailed further in the discussion (see Section 3.4).
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Figure 3.1

Self-Construal of Participants from Individualistic and Collectivistic Backgrounds

25 ~

20 ~

15 -
O SCS Independence

10 - O SCS Interdependence

Number of Participants

Individualistic Collectivistic

Background

Note. The collectivistic group were more likely than the individualistic group to hold interdependent

self-construals. However, these differences were not significant.

Stimuli. MATLAB 2015a (The MathWorks Inc., 2015) was used in conjunction with
Psychtoolbox-3 (Brainard, 1997; Kleiner et al., 2007; Pelli, 1997) for stimulus generation and
presentation. Participants were tasked with discriminating radial and concentric Glass (1969)
patterns to identify the cultural differences in perceptual learning processes. Specifically, the
discrimination task was adapted from (Mayhew et al., 2012) experimental paradigm to assess how
observers learn to extract global shapes embedded in cluttered backgrounds. Each stimulus
consisted of pairs of dots (2.3 x 2.3 arc min?) or dot dipoles that were aligned according to the
specified spiral angle (signal dipoles), displayed within a square aperture (7.9°x7.9°) against a black
background (100% contrast). Dot density was set at 3%, and the distance between the dot dipoles
was 16.2 arc min (Frangou et al., 2019). The spiral angle for each dot dipole is characterised by the
angle between the dot dipole orientation and the radius from the centre of the dipole to the centre
of the stimulus aperture (Frangou et al., 2019). Concentric patterns were formed by tangentially
placed dipoles, while radial patterns were constructed by orthogonally placed dipoles. In the present

study, radial patterns were generated using a spiral angle of +0°, whereas concentric patterns were
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generated using a spiral angle of £90°. These patterns had 35% or 40% signal (i.e., aligned dot
dipoles) and were embedded in a background of randomly positioned and oriented dipoles (noise).
Patterns were rotated clockwise or anticlockwise across trials in a randomised order (see Figure 3.2).
Spiral angles were jittered across stimuli (+3°) to control for potential local adaptation and ensure
that participants would learn to discriminate global shapes rather than just local features during

stimulus categorisation (Garcia et al., 2013).

Figure 3.2

Example of Radial and Concentric Glass (1969) Patterns

Stimulus Prototypes Signal-in-noise

Radial

Concentric

Note. The radial (top) and concentric (bottom) patterns are presented with inverted contrast for
illustration purposes. The stimulus prototypes with 100% signal are also shown for comparison

purposes only. The signal-in-noise patterns are generated with 37.5£2.5% signal.
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A total of four experimental runs were administered for each participant. Each run

constituted 108 trials that were randomised between two stimulus conditions (radial and

concentric). Figure 3.3 presents the sequence of events for each trial in the Glass (1969) pattern

discrimination task. Each trial consisted of a 200 ms stimulus presentation followed by a 1300 ms

fixation. A response cue then appeared for 1000 ms to prompt participants to identify the pattern by

pressing key ‘1’ for radial patterns and key ‘2’ for concentric patterns. The fixation between stimulus

presentation and the response cue ensures that RTs are standardised across participants and groups.

A 500 ms fixation dot was displayed on the screen before the next trial onset.

Figure 3.3

Glass (1969) Pattern Discrimination Task Sequence of Events

Remains on screen until

Ready to Start ====== Ready to Start ‘spacebar’ key is pressed.
Initial Fixation =~ ====== - 3000ms
First Stimulus Onset ====== - 200ms
(DeIaF\;X::s(;r;nse) ------ . 1300ms
Response Cue ====== o 1000ms
Pre-Stimulus Fixation =m=mm== - 500ms

Next Stimulus Onset ===

- L 200ms
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The experiment also consisted of a familiarisation phase that was time-constrained in the
same way as the experimental phase to ensure that participants were aware of the actual speed of
the experimental trials and familiarised themselves with the response keys. The trials in the
familiarisation phase consisted of an image of the sun to represent radial patterns and an image of a

target to represent concentric patterns (see Figure 3.4).

Figure 3.4

Stimuli Presented During the Familiarisation Phase

Q U
=0

Note. The image of the sun represents radial patterns, while the image of the target represents
concentric patterns. The trials in the familiarisation phase were time-constrained in the same way as

the experimental trials.

Equipment. The experiments were carried out on a 22” Lenovo ThinVision coloured monitor

with a 1920x1080-pixels resolution and a frame refresh rate of 60Hz.

3.2.4 Procedure

Once informed consent was obtained, participants were instructed to complete the

demographics questionnaire and SCS. Participants were assigned to either the collectivistic condition
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or the individualistic condition, depending on the background information provided in the
demographic questionnaire. The computer task began with an initial familiarisation phase consisting
of 15 mock presentation trials of the sun (representative of radial patterns) and a target
(representative of concentric patterns) to familiarise participants with the keypresses. Results were
not recorded during the familiarisation phase. Participants then completed four experimental runs
with breaks in between each run. Response accuracy (number of correct pattern identifications) for
each participant was recorded. Participants were debriefed upon completion of the study. All the

experiments were conducted in a dark room.

3.2.5 Data Analysis

The data, which met parametric assumptions, was analysed in four steps. First, an analysis
was conducted to test the hypothesis and identify if participants from collectivistic backgrounds had
greater response accuracy than participants from individualistic backgrounds across each run. The
second analysis examined cultural group differences in learning rates to substantiate the findings of
the initial analysis. Learning rates in the present study was defined as the slope of the linear line
fitted for accuracy across four runs. A third analysis was then carried out to identify whether
accuracy differences could be attributed to independent or interdependent self-construals. Three
participants whose scores were equal on both subscales were excluded from the third analysis as
these participants could not be classified into either category. Lastly, a regression analysis revealed if
cultural background and SCS values were predictive of overall accuracy and learning rates. Overall
accuracy and learning rates (slope) represent different learning indices; the former reflects the
general ability of participants to engage in global processing to support overall learning, while the
latter reflects the rate at which participants learned to discriminate the patterns. The background

and SCS categories were coded into dummy variables for this analysis.
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3.2.6 Ethical Considerations

Ethical approval was granted by the university’s research ethics committee (Reference:
PSY_BSc_OCT17_001; see Appendix H2). Written consent was needed, and participants could leave
at any time without consequence. Participants were looking at the computer screens for at least 60
minutes. Therefore, they were advised to refrain from participating in the experiment if they could
not look at computer screens for extended periods. Participants are allowed breaks of 60 seconds
per experimental block (there are four blocks in total) with a longer break of 180 seconds halfway
through the experiment to avoid fatigue. The experimenter was always present to address any

concerns or issues participants may have.

3.3 Results

3.3.1 Macro Level Comparison of Response Accuracy for Individualistic and Collectivistic Groups

A 2 (Background: Individualistic or Collectivistic) x 4 (Run: 1, 2, 3 and 4) mixed-measures
ANOVA was first run to compare response accuracy between the individualistic (n = 40) and
collectivistic (n = 37) groups. The results revealed an interaction between background and runs
(F(2.58, 193.72) = 3.95, p = .013, n?, = .050, Greenhouse-Geisser Corrected), suggesting learning
differences between the individualistic and collectivistic groups. A main effect of runs (F(2.58,
193.72) =59.19, p < .001, n?, = .441, Greenhouse-Geisser Corrected) indicated that both groups
improved during training, while a main effect of cultural background (F(1,75) = 7.30, p = .009, n?, =
.089) indicated that individualistic and collectivistic groups differed significantly in performance
accuracy (see Figure 3.5). Importantly, post-hoc t-tests with multiple comparison adjustments
(Bonferroni corrections) revealed that although both groups initially exhibited similar accuracy
performance at Run 1 (p =.381) and Run 2 (p = .087), the collectivistic group subsequently exhibited
significantly better performance than the individualistic group at Run 3 (t(75) = 9.59; p = .001;
Cohen’s d = .756) and Run 4 (t(75) = 8.83; p = .005; Cohen’s d = .664). These results suggest that the

collectivist group had greater improvements during training compared to the individualistic group.
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Figure 3.5

Response Accuracy of Individualistic and Collectivistic Groups
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Note. The performance of the collectivistic (n = 37) group were consistently better than the

individualistic group (n = 40). Response accuracy data is presented in percentages. The error bars

represent standard errors.

3.3.2 Macro Level Comparison of Learning Rates between Individualistic and Collectivistic Groups

Learning rates (slope of accuracy across runs) were also examined to further explore cultural
group differences in improvement during training. A Welch's t-test for unequal variances conducted
on the learning rates revealed a significant difference between the individualistic (M = 3.78; SD =
3.44) and collectivistic (M = 6.26; SD = 4.72) groups, t(75) = 7.00; p = .011; Cohen’s d = .600, where
the collectivistic group exhibited higher learning rates. These findings validate the interaction
reported for the ANOVA above and illustrate the influence of culture on VPL. Indeed, the absence of

cultural group differences in RTs across all runs suggest that the cultural variations in task
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performance are not confounded by the effects of differential RTs (p = .926; see Figure 3.6). It can
thus be presumed that the behavioural differences in accuracy performance and learning rates can

instead be attributed to cultural group differences in global processing strategies.

Figure 3.6

Reaction Times of Individualistic and Collectivistic Groups Across all Runs
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Note. The absence of group differences in RTs suggest that the cultural variations in performance are

not confounded by the effects of differential RTs. The error bars represent standard errors.

3.3.3 Miicro Level Comparison of Response Accuracy and Learning Rates Between Individuals

with Independent or Interdependent Self-Construal

The following analysis of participants’ responses on Singelis’ (1994) self-construal scale
revealed that more participants identified with an interdependent self-construal (n = 46) than with
an independent self-construal (n = 28), while three participants identified with both categories. A
mixed-measures ANOVA revealed a non-significant interaction between self-construal and response
accuracy (p =.792; see Figure 3.7), while the between-subjects effect only approached significance
(p=.091). A Welch's t-test on learning rates also revealed no significant difference between the

independent (M = 4.43; SD = 4.29) and interdependent (M = 5.08; SD = 4.25) groups (p = .524).
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Figure 3.7

Comparison of Response Accuracy Between Those with Independent or Interdependent Self-Construal
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Note. There were no group differences in response accuracy between those with independent (n =

46) and interdependent self-construals (n = 28). The error bars represent standard errors.

Taken together, it appears that the SCS cannot be used as dichotomous categories to explain
the cultural differences in VPL. However, since independent and interdependent SCS constructs can
also be analysed as continuous value dimensions rather than categorical traits at the individual level
(Oyserman et al., 2002), people can adhere to both values in varying degrees on a continuum. A
regression analysis was thus carried out to identify if variability in independent and interdependent
scores, used as continuous rather than binary regressors, in addition to cultural background, could

be associated with overall performance and learning rates.

3.3.4 Examining the Influence of Sociocultural Variables on Task Performance

For the first regression analysis, accuracy scores across all runs were collated to determine
overall accuracy. Using the enter method, a multiple regression was run to predict the variability in
overall accuracy (M = 267.25; SD = 43.36) using cultural background (individualistic or collectivistic),

as well as independent (M = 4.96; SD = .808) and interdependent self-construal (M = 5.16; SD = .637)
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as predictor variables for the model (see Figure 3.8 and Figure 3.9). The assumptions relating to
multicollinearity and independence of observations were met. Together, the predictor variables
explained 17.2% (Adjusted R? = .172) of the variability in overall accuracy. The overall association
between the predictor variables and accuracy performance was significant, F(3, 76) = 6.28, p = .001.
Specifically, the individualistic (b = - 23.97; p = .011) and independence (b = - 18.32; p = .002)
variables had a significant and negative association with overall accuracy. Since both variables have
been linked to analytic thinking (Choi et al., 2007), the lower predicted accuracy could be due to
conflicting thought processes during VPL of global patterns. However, the interdependent scores

were not predictive of overall accuracy (b = 3.97; p = .585).

Figure 3.8
Scatterplot Depicting the Relationship between SCS Independence Scores, Cultural Background, and

Overall Response Accuracy
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Note. Individualistic cultural backgrounds and independence SCS scores were significant and negative

predictors of overall accuracy.
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Figure 3.9
Scatterplot Depicting the Relationship between SCS Interdependence Scores, Cultural Background,

and Overall Response Accuracy
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Note. SCS interdependent scores were not predictive of with overall accuracy.

The second regression analysis on learning rates revealed that the predictor variables
explained 8.2% (Adjusted R? = .082) of the variability in learning rates, F(3, 76) = 3.26, p = .026.
However, only individualistic backgrounds had a significant and negative association with learning
rates (b = - 2.23; p = .021). Singelis’ (1994) independence (b = -.635; p = .279) and interdependence
scores (b = .995; p = .188) did not contribute significantly to this model. The inconsistent predictive
influence of independent self-construal on different learning indices, i.e., overall accuracy and learning

rates, will be considered in the discussion.

3.4 Discussion

The present study aimed to identify the influence of macro and micro cultural characteristics
on VPL using the Glass (1969) pattern experimental paradigm. As hypothesised, the collectivistic

group had greater performance accuracy in this discrimination task than the individualistic group.
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These findings are compelling as cultural differences in VPL emerged despite evidence of the GPE
(Gerlach & Starrfelt, 2018; Liu & Luo, 2019; Mills & Dodd, 2014; Navon, 1977; Rezvani et al., 2020).
Although all participants learned to differentiate the global visual forms, the learning trajectory
eventually diverged as the experiment progressed. There were clear differences in VPL trajectories
between both cultural groups. Therefore, these findings are consistent with the notion that culture
can shape cognition and behaviours (Caparos et al., 2012, 2020; Davidoff et al., 2008; Trémoliére et
al., 2021; van der Kamp et al., 2013). Indeed, the VPL differences in the present study can be
associated with previous cross-cultural findings that suggest collectivists are more holistic and
attuned to the relationships between objects and events in the environment (e.g., Caparos et al.,
2020; Jenkins et al., 2010; Kim et al., 2009; Koo et al., 2018). It is thus proposed that differential

cognitive strategies resulted in the divergence in performance between both cultural groups.

The outcomes of the present study are significant as it demonstrates that culture can indeed
underlie VPL abilities. Specifically, the macro level cultural conceptualisation using the individualism
and collectivism framework has revealed a fundamental processing difference between cultures that
inform VPL under specific task conditions. The group differences in the learning of the global Glass
(1969) patterns support the proposition that collectivists, represented by the international student
sample, are indeed more holistic (Jenkins et al., 2010; Masuda & Nisbett, 2006). In contrast, the
individualists, represented by European students, could be impeded in their learning due to greater
propensities for analytic thinking (Kitayama et al., 2019; Kitayama & Uskul, 2011; Nisbett et al.,
2001). As such, this study suggests that individualistic and collectivistic environments can inform the
cognitive and behavioural strategies that people from different cultures adopt (Caparos et al., 2020;
Davidoff et al., 2008; Markus & Kitayama, 2010; Trémoliere et al., 2021). However, although these
results indicate that collectivists are more holistic than individualists, there was no direct assessment
of analytic or holistic tendencies to link performance to these cognitive styles. Future studies should
thus utilise other measures to capture the multiple facets of culture that could influence VPL. Taken

together, the individualism and collectivism dimensions are useful for group analysis at the macro
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level of culture. However, macro level analyses may be reductive as it assumes that all members of a
culture share similar abilities and motivations (Rogoff & Gutierez, 2003; Taras et al., 2016).
Therefore, a micro level of analysis was also applied in the present study to examine the dynamic

influence of individuals on cultural systems, cognition, and behaviour.

A standardised individual-level measure at the micro level of culture can account for
individual variations in goals, abilities, attitudes, and beliefs (Singelis et al., 1995). For example, self-
construal influences have been observed in physiological and psychological manifestations (Chiao et
al., 2013). However, contrary to previous research (Goto et al., 2010; Han & Ma, 2014; Hedden et al.,
2008; Ma et al., 2014), the present study did not find differences between participants with
independent or interdependent self-construal as measured using Singelis (1994) SCS. As discussed in
Chapter 2, this could first be due to limitations of the SCS and its possible insensitivity in measuring
cultural distinctions (Levine et al., 2003). Additionally, more participants in the present study had
inclinations towards interdependent values regardless of cultural backgrounds. It is estimated that
participants in cross-cultural research are often highly susceptible to confounding variables such as
cultural shifts, sociohistorical backgrounds, linguistic abilities, and ecological differences (Chen et al.,
2018; Grossmann et al., 2012). Future studies should thus employ alternative individual level
differentiations such as cognitive style measures (e.g., Choi et al., 2007) or visual tests (e.g.,

Kitayama et al., 2003) that may be more representative of individual level distinctions of culture.

There could also be a deficiency of cultural influences at the individual level on VPL abilities
(Magid et al., 2017; Marquez & Ellwanger, 2014). The international student sample, for instance,
may have influenced the results of the present study, as individuals who voluntarily immigrated to
another culture may have psychological affinities to the culture that they chose to live in (Kitayama
et al., 2003). They may also amass multiple cultural identities through acculturation and exposure to
varying sociocultural contexts (Hong et al., 2000; Mok & Morris, 2012; Xi et al., 2018). Contradictory

evidence of cultural differences should thus be interpreted with caution. Nevertheless, the present
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study still serves as an intriguing foundation for expanding research in this interdisciplinary domain
of culture and VPL, as the value of independence was observed to be a predictor of poorer task
performance. To circumvent some individual level confounds, future investigations could be directed
on people who have lived in more than one culture (i.e., bicultural individuals). This population may
internalise multiple cultural identities due to the integration of values from their early cultural
experiences with the values adopted from the host country. Consequently, these internalised
cultural systems can be activated at different times and contexts through primes or environmental

triggers such as language (Mok & Morris, 2012; Ng et al., 2010; Xi et al., 2018).

Since population samples may not always represent distinct cultural systems (Gudykunst &
Lee, 2003), individual-level analyses thus remain indispensable for examining the dynamic nature of
culture (Matsumoto et al., 2001). For example, although individuals may have stronger inclinations
towards a specific cultural orientation to guide behaviour, these values can shift according to varying
social environments (Grossmann & Jowhari, 2018; Hong et al., 2000; Kiihnen & Oyserman, 2002;
Wang et al., 2013). As mentioned previously, individuals can internalise multiple cultural identities
and mental representations that are dynamic and can manifest differentially under varying contexts
(Brewer & Gardner, 1996; Mok & Morris, 2012; Ng et al., 2010; Xi et al., 2018). Priming self-construal
could thus allow for a causal examination of the relationship between specific cultural characteristics
and VPL processes (Han et al., 2013). Interdependence priming, for instance, has been found to
induce broader attention scopes (Lin & Han, 2009). Wang (2008) also reported that Asian Americans
primed to identify more strongly as Americans recalled more self-oriented memories, whereas those
primed to identify as Asians recalled more socially oriented memories. Clearly, priming techniques
are an important commodity for cross-cultural research as it allows researchers to make direct
inferences about how cultural characteristics such as self-construals can influence behaviour and
neural responses (Lin et al., 2008; Ng et al., 2010; Sui & Han, 2007; Xi et al., 2018). Studies using
priming methodologies could reveal the intricate interaction of social, individual, and situational

factors that govern the manifestation of culture in human behaviour and cognition.
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The present study adds to our knowledge of cultural diversity in the community (Santamaria,
2009). Research that seeks further knowledge and acceptance of cultural distinctiveness in cognition
and behaviours represents an important foundation for establishing universal training programmes
and interventions that ensure learning success for all (Weber et al., 2015). Acknowledging learning
barriers could encourage the accommodation of more diverse needs within multicultural learning

environments (Sharma et al., 2019).

3.5 Chapter Summary

Despite considerable reports of individual differences in perceptual learning trajectories
(Hansen et al., 2012; Rop & Withagen, 2014; Withagen & Caljouw, 2011; Withagen & van
Wermeskerken, 2009), there is a lack of research within this domain in the context of culture. Due to
the complexity of culture and its differential impact on human psychological processes, there is a
great theoretical interest in exploring if the processes underlying VPL can also vary as a function of
culture. Information processing strategies can vary significantly due to cultural mediation (Blais et
al., 2008, 2021; Caparos et al., 2020; Davidoff et al., 2008). Indeed, the present study reported
greater improvements in response accuracy for the collectivistic group in differentiating complex
stimuli, reflecting their increased tendency to attend to global information. Notably, it provides
compelling preliminary evidence that culturally informed cognitive strategies could influence VPL
trajectories despite the GPE. Nevertheless, the lack of differences between individuals with
independent and interdependent self-construal reflects a need for further research employing
priming procedures or neural measures to explore the dynamic multilevel influence of culture that
could impact VPL. Based on the outcomes of the present study and its limitations, the following
study will employ a priming procedure to enable a causal examination into the impact of micro level

cultural characteristics on VPL in the Glass (1969) pattern discrimination task.
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Chapter 4: The Influence of Self-Construal Priming on Visual Perceptual Learning

Based on the findings in Chapter 3, further exploration of micro level influences on VPL is
needed to address the limitations associated with the representativeness of participant samples.
Indeed, culture is dynamic (Briley et al., 2014); people can internalise multiple cultural identities and
value structures based on their exposure to varying sociocultural contexts (Hong et al., 2000; Mok &
Morris, 2012; Xi et al., 2018). These identities can be made salient through priming manipulations to
examine the influence of specific cultural values on cognition, behaviours, and neural processes
(Brewer & Gardner, 1996; Kiihnen & Oyserman, 2002; Matsumoto & Kupperbusch, 2001; Mok &
Morris, 2012; Ng et al., 2010; Wang et al., 2013; Xi et al., 2018). Therefore, extending on the finding
that independence values are predictive of poorer performance on the Glass (1969) pattern
discrimination task (see Section 3.3.4), this chapter presents a causal examination into the influence
of independence-interdependence cultural values on VPL processes using a cultural priming
procedure. This chapter will begin with an overview of the dynamicity of culture and the importance
of this dynamic view in examining cultural differences in cognition and behaviour. Past research will
be evaluated, with a specific focus on priming methodologies designed to investigate the dynamic
nature of culture. The justifications for a priming study are then presented. The study outcomes are

reported and discussed in the final section of this chapter.

4.1 Background

Cultures evolve and transform in response to globalisation and environmental changes at
micro and macro levels (Erez & Gati, 2004). Traditional static views of culture such as Hofstede’s
(1980) national cultural index assume that cultural values are stable structures that remain
consistent across time and space. However, there is a progressive shift of research from static to
dynamic views to account for our increasingly diverse societies (Gelfand et al., 2017; Greenfield,
2018; Kwon et al., 2021; Kashima et al., 2019). The dynamic view contrasts with traditional static

approaches that assume culture to be composed of discrete and rigid constructs rather than
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integrated and domain-general constructs (Bruner, 1990). An individual could thus embody multiple
cultural identities that become operative in guiding behaviour and the construction of meaning in
different contexts (Hong et al., 2001; Oyserman & Lee, 2008). According to the dynamic view of
culture, these cultural knowledge and identities are accessible, flexible, and dynamic (Briley et al.,
2014). Therefore, researchers can identify the circumstances in which cultural differences may arise

or disappear (Briley et al., 2014).

As discussed in Chapter 1, the dynamic view of culture is supported by two cognitive models
that describe culture as a diffused network of knowledge structures that can be activated according
to situational or environmental demands to influence cognition and behaviour (Briley et al., 2014).
The situated cognition model (Oyserman & Sorensen, 2009) and the dynamic-constructivist model
(Chiu & Hong, 2006; Hong & Chiu, 2001) contributes to a compelling avenue for research on the
dynamic influence of culture in different contexts (see Section 1.2.4). Indeed, the priming techniques
derived from the cognitive approach are important as it assumes that people can dynamically
integrate or dissociate from some features of their cultures (Benet-Martinez et al., 2002; Hong et al.,
2000). Priming has thus been widely used in cross-cultural research to allow the experimental

isolation of cultural influences on psychological processes (Flinkenflogel et al., 2019).

Priming allows the attribution of cultural values to a wide range of behaviours such as
relational and categorical thinking (Ji et al., 2000, 2004), perceptual processing styles (Lin et al.,
2008; Miyamoto et al., 2006), as well as in neural representations of the self and others (Ng et al.,
2010; Wang et al., 2013). During priming, individuals are exposed to stimuli related to a specific
cultural construct, thereby making salient the knowledge structures of specific cultural systems to
temporarily identify its influence on cognition or behaviour (Briley et al., 2014). An essential feature
of the priming procedure is that the task is typically presented as an independent and unrelated
exercise. Participants are usually unaware of its true purpose in shifting cultural identities. It is

anticipated that priming will induce a spread of activation from one construct to another within a



120

psychologically linked network of constructs (Chiu & Hong, 2006; Hong & Chiu, 2001; Oyserman &
Sorensen, 2009). Priming effects can then be assessed using a dependent measure to establish

causal links between cultural values and psychological manifestations (Han, 2015).

To further illustrate priming methodologies within cross-cultural research (see Section 1.2.4

lllll

for additional examples), Hong et al. (2001) used an “I” or “we” manipulation adapted from the
twenty-statement task (Kuhn & McPartland, 1954) to activate the cultural identities of bicultural
Chinese Americans. Participants made a comparable number of collective and individualistic
statements when their American identity was made salient. However, participants generated more

collective statements when primed with cues related to their Chinese cultural identity. Evidently,

priming is useful for studying culture as a dynamic construct.

Bicultural individuals exposed to Chinese or Western pictorials also exhibited changes in
brain activity linked to the inclusiveness of the self with significant others, thereby providing neural
evidence for the prominence of interdependent cultural values (Ng et al., 2010). Using the pronoun
circling task (Gardner et al., 1999), Lin et al. (2008) further reported significant neural differences in
ERPs amongst Chinese participants primed with independence versus interdependence in a global
and local target discrimination task. These studies provide neural evidence for Markus and
Kitayama’s (1991) independent and interdependent self-construal constructs. However, Ng et al.
(2010) and Lin et al. (2008) did not report significant behavioural differences following priming.
Therefore, the apparent neural difference remains speculative. Indeed, the inconsistencies across
methodologies and findings necessitate further research on the efficacy of a priming approach in
linking sociocultural orientations to cognition and behaviours (Grossmann & Jowhari, 2018; Li et al.,

2018; Magid et al., 2017; Marquez & Ellwanger, 2014; Oyserman & Lee, 2008; Xi et al., 2018).

Regrettably, the replication crisis in social psychology research has cast doubts on the
efficacy of priming despite the priming effects identified in past studies (Aarts et al., 2015; Wiggins &

Christopherson, 2019). For example, Magid et al. (2017) observed that neither solitary nor collective
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settings, replicating herding and rice-farming practices within laboratory conditions, could prime
social orientations and cognitive styles. Working alone or together did not induce the independence-
analytic or interdependence-holistic tendencies held by different cultural groups. It was proposed
that priming may be insufficient for simulating subsistence-related behaviours as laboratory
conditions do not mirror the intensity of real-world scenarios. Furthermore, historical determinants
may not generalise to the contemporary populations. Climate and differential pathogen exposure
(Fincher et al., 2008), socioeconomic disparities (Grossmann & Varnum, 2015), or shifts in learning
systems (Chang et al., 2011) could influence modern-day variations in social orientations or cognitive
styles. Therefore, cultural influences may not always manifest behaviourally, as they may operate on
distinct processes which are not yet identified. Future research should administer systematic
approaches in exploring the dynamicity of culture and its specific impact on implicit and manifested
psychological processes. Specifically, in the context of the present thesis, furthering research in this

domain could offer causal evidence of micro level cultural influences on VPL.

This chapter seeks to expand existing research on cultural priming into the domain of VPL
and address inconsistencies in the efficacy of priming (Grossmann & Jowhari, 2018; Li et al., 2018;
Magid et al., 2017; Marquez & Ellwanger, 2014; Oyserman & Lee, 2008; Xi et al., 2018). The
proposed research will present a novel investigation into the link between independent-
interdependent cultural values and analytic and holistic tendencies that could impact VPL in the
Glass (1969) pattern discrimination task. Research is needed to supplement the dynamic models of
culture to identify the specific characteristics of culture which influence VPL. Behaviours can stem
from conscious and unconscious processes, and culture can govern these processes in different ways
(Briley et al., 2014). Therefore, it is worthwhile to employ priming techniques to identify the
explanatory constructs that inform cross-cultural differences. Since Chapter 3 reported evidence of
macro level cultural influences on VPL, the present study will focus on micro level characteristics of

independence and interdependence and how these can inform VPL trajectories.
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4.1.1 Aims of Study

The present study builds on Chapter 3 and aims to further explore the influence of self-
construals (micro cultural characteristics) on VPL. The priming of independent and interdependent
self-construal can temporarily alter an individual's perception of the self, thus revealing the
manifestation of thoughts and behaviours characteristic of independent and interdependent values
(Hong et al., 2000; Kiihnen & Oyserman, 2002; Oyserman & Lee, 2008). As a priming manipulation
check, Singelis' (1994) SCS will be used to assess the differences in independent and interdependent
self-construal held by the participants following priming. The AHS (Choi et al., 2007) and COS
(Triandis & Gelfand, 1998) were also used as manipulation checks to assess if responses on these
constructs could be linked to the priming procedure. The Glass (1969) pattern discrimination task
was used to examine the effects of independence and interdependence on VPL. The endorsement of
independence in mainstream Western cultures has been associated with more analytic thinking,
whereas the widespread interdependence in Asian cultures has culminated in holistic thinking styles
(Kitayama et al., 2009). Therefore, it is hypothesised that those primed with interdependence would
exhibit greater accuracy and RT improvements in the global pattern discrimination task that requires
holistic processing compared to those primed with independence. To minimise the confounding
effects associated with diverse participant samples (Matsumoto & Kupperbusch, 2001; Wang et al.,

2013; Wang et al., 2017), all participants recruited for this study were Westerners.

4.2 Method

4.2.1 Participants

A power analysis on G*Power estimated that a sample size of 45 participants is needed for
an effect size of .250 (Faul et al., 2007; see Appendix S). Subsequently, sixty-one participants with a
mean age of 22.17 (SD = 6.12) were recruited through a UK institution’s Research Participation
Scheme. Credits were rewarded to participants upon completion of the study. Participants in this

study were British or European students who were randomly assigned to one of three experimental
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groups: independence priming, interdependence priming, or the control condition. The European
students (n = 6) who were from countries such as Lithuania, Romania, Portugal, and Germany had
been in the UK for between 1 month to 20 years. A further four participants (2 Indians, 1
Zimbabwean, 1 Zambian, 1 Nigerian) were British nationals who were born elsewhere but had lived
in the UK for 7 to 17 years. One participant born in India had been in the UK since they were 11,
while the participant born in Nigeria had been in the UK since they were 14. All participants had
normal or corrected-to-normal vision. Table 4.1 presents a breakdown of participant demographics.
One participant was excluded from all subsequent analyses as the participant made the same

keypress for 98% of the trials.

Table 4.1

Sociodemographic Characteristics of Participants

Characteristics n
Gender
Female 56
Male 4
Handedness
Right 53
Left 7

Living Arrangement

Alone 3
Significant Others 33
Housemates 22
Other 2
Language
English 54
Other 6
Ethnicity
White 32
Black 5
Asian 21
Mixed 1

Other 1
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4.2.2 Design

The present study employed a between-subjects design comparing three groups of
participants; two groups were differentially primed with independence (n = 20) or interdependence
(n = 20) values, while a third group was assigned to the control (n = 20) condition. Brewer and
Gardner’s (1996) pronoun circling task was used to prime values of independence or
interdependence. Additionally, three measures — Singelis’ (1994) SCS, Triandis and Gelfand’s (1998)
COS, and Choi et al.”s (2007) AHS — served as manipulation checks to assess the value systems held
by participants following priming (see Chapter 2 for a review of these measures). Response accuracy
and RTs of correct pattern discriminations were recorded for each participant to compare VPL
differences between the three experimental groups. The cued-response design (delay between
stimuli presentation and response) was removed from the present study to enable a comparison of
RTs. The RTs could represent an additional indicator of VPL. Taken together, the independent
variable in the present study is cultural priming, while the dependent variables are performance

accuracy and RTs in the Glass (1969) pattern discrimination task.

4.2.3 Materials

Demographics questionnaire. The questionnaire identified background information such as
nationality, gender, age, language abilities, ethnic background, and birthplace (Lawrence et al., 2019;
Yeh, 2003). This information was collected to identify the influence of variables that could confound

the results.

Singelis (1994) SCS. The SCS was used to identify self-construal differences between the
individuals of the different experimental groups after the priming procedure. One participant had
equal scores on both subscales. Cronbach’s reliability for the overall scale was .622; Specifically, a
values for the 12 independent and 12 interdependent items were .638 and .792, respectively. The o

values were comparable to those identified in Chapters 2 and 3 for the SCS.
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Triandis and Gelfand’s (1995) COS. The COS assessed individualism and collectivism on four
dimensions: HI, VI, HC, and VC (see Chapter 2). Cronbach’s reliability for the overall scale in the
present study was .700. Specifically, a values for the HI, VI, HC, or VC dimensions were .620, .421,
.767, and .742, respectively. The reliability of the VI dimension was within an unacceptable range.
Removing one item (VI 3: “Competition is the law of nature.”) increases reliability to .565, which still
constitutes poor reliability. Similarly, for the composite individualism (sum of HI and VI) dimension,
reliability was .454. The collectivism (sum of HC and VC) dimension had reliabilities of .809. These
reliabilities are inconsistent with those reported in Chapter 2. As such, the individualism constructs
could not be consistently identified from the responses of the current sample, thereby presenting

implications for the interpretation of findings associated with this scale.

Choi et al.’s (2004) AHS. The AHS measures holistic thinking on four dimensions (see
Chapter 2). Cronbach’s reliability for the overall scale was .628, consistent with the values reported
in Chapter 2. Alpha values were .614, .608, .660, and .699 for the dimensions of causality,

contradiction, change perception, and attention, respectively.

Pronoun Circling Task. The pronoun circling task is a cultural priming tool whereby
participants count the number of pronouns within a descriptive paragraph about a trip to the city to
prime independent or independent cultural values (Brewer & Gardner, 1996). The paragraph
contained 19 pronouns that were varied according to the priming conditions. Singular pronouns such
as ‘me’, ‘', or ‘mine’ were used to prime independence, while plural pronouns such as ‘we’, ‘our’, or
‘us” were used to prime interdependence. An additional control condition that primed neither value

required participants to identify ‘it’ pronouns within the paragraph.

Stimuli. MATLAB 2015a (The MathWorks Inc., 2015) was used in conjunction with
Psychtoolbox-3 (Brainard, 1997; Pelli, 1997; Kleiner et al., 2007) for stimulus generation and
presentation. Participants were tasked with discriminating radial and concentric Glass (1969)

patterns to identify the cultural differences in perceptual learning processes. Specifically, the
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discrimination task was adapted from Mayhew et al.’s (2012) experimental paradigm to assess how
observers learned to extract global shapes embedded in cluttered backgrounds. Each stimulus
consisted of pairs of dots (2.3 x 2.3 arc min?) or dot dipoles that were aligned according to the
specified spiral angle (signal dipoles), displayed within a square aperture (7.9°x7.9°) against a black
background (100% contrast). The spiral angle for each dot dipole is characterised by the angle
between the dot dipole orientation and the radius from the centre of the dipole to the centre of the
stimulus aperture (Frangou et al., 2019). Concentric patterns were formed by tangentially placed
dipoles, while radial patterns were constructed by orthogonally placed dipoles. In the present study,
radial patterns were generated using a spiral angle of £0°, whereas concentric patterns were
generated using a spiral angle of £90°. These patterns had either 35% or 40% signal and were
rotated clockwise or anticlockwise across trials in a randomised order (see Figure 3.2). Spiral angles
were jittered across stimuli (£3°) to control for potential local adaptation and ensure that
participants would learn to discriminate global shapes rather than just local features during stimulus

categorization (Garcia et al., 2013).

The main experimental design consisted of four experimental runs. Each run had a total of
108 trials that were randomised between two stimulus conditions (radial and concentric). The order
of trials was matched for history, such that each trial was equally likely to be preceded by any of the
conditions. Two initial trials were added in each run to balance the history of the second trial; these
were excluded in the final analysis. Each trial consisted of a 200 ms stimulus presentation followed
by a 1300 ms fixation dot which was a cue for response. Participants made a response on key ‘1’ for
radial patterns and key ‘2’ for concentric patterns. A 500 ms fixation dot was displayed on the screen
before the next trial onset. Each experimental run began and ended with a 3000 ms fixation (see
Figure 4.1). The study also consisted of a familiarisation phase where participants were presented
with an image of the sun to represent radial patterns, and an image of a target to represent

concentric patterns (see Figure 3.4). The trials in the familiarisation phase were time-constrained in
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the same way as the experimental trials to ensure that participants were aware of the actual speed

of the experimental trials and familiarised themselves with the response keys.

Figure 4.1

Glass (1969) Pattern Discrimination Task Event Sequence

Remains on screen until

Ready to Start ====== Ready to Start ‘spacebar” key is pressed.
Initial Fixation —====== . 3000ms
First Stimulus Onset ====== - 200ms
Response Cug ====== - 1300ms
Pre-Stimulus Fixation ====== - 500ms
Next Stimulus Onset ====== Ly 200ms

Note. The experimental design in the present study did not include a cued-response design (delay
between stimuli presentation and response). Therefore, unlike the experiment in Chapter 3,

participants were asked to make an immediate judgement following stimulus presentation.

Equipment. The experiments were carried out on a 22” Lenovo ThinVision coloured monitor
with a 1920x1080-pixels resolution and a frame refresh rate of 60Hz. A chin rest was used to ensure
that participants were constantly at 47 cm from the monitor to ensure that distance from the screen
was not a confounding variable which would impact participant’s performance in the computer task

(Garcia et al., 2013; Mayhew et al., 2012).
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4.2.4 Procedure

Once informed consent was obtained, participants were randomly assigned to either the
independent or interdependent priming condition or the control condition. Participants were then
instructed to complete the pronoun circling priming task (Brewer & Gardner, 1996) as a part of a
proofreading and word search activity. Next, participants completed the familiarisation phase for the
main experiment, followed by the four experimental phases with breaks in between each run.
Response accuracy and RTs for each participant were recorded. The demographics questionnaire
and three cultural measures (SCS, COS, and AHS) were then completed, and participants were

debriefed. All experiments were carried out in a dark room.

4.2.5 Data Analysis

The data, which met parametric assumptions, were analysed using the IBM SPSS Statistic for
Windows, Version 25.0 (IBM, 2017). First, a manipulation check was conducted to assess the value
systems held by participants following the priming procedure. Next, an analysis was conducted to
identify if participants primed with interdependence had greater response accuracy following
training than the control group or those who were independently-primed. Overall accuracy was also
calculated (sum of correct responses across four runs) and compared between the different priming
conditions. As mentioned in Chapter 3 (see Section 3.2.5), the overall accuracy score represents the
general ability of participants to engage in global processing to support accurate discrimination of
the global forms. The third analysis examined group differences in RTs when making correct
responses. Overall RTs were also calculated (average RTs for correct responses across four runs) for
comparison between groups. The overall RT index also represents the average time for participants
to differentiate the global patterns and make accurate perceptual judgements. Lastly, a regression
analysis explored the predictive influence of sociodemographic variables on overall accuracy and

overall RTs. All categorical variables were coded into dummy variables for the analysis.
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4.2.6 Ethical Considerations

Ethical approval was granted by the university’s research ethics committee (Reference: Chua
#011.18; see Appendix H1). Participants were advised to refrain from participating in the experiment
if they could not look at computer screens for prolonged periods. The chin rest was disinfected
between each use. Participants are allowed breaks of 60 seconds per experimental block (there are
four blocks in total) with a longer break of 180 seconds halfway through the experiment to avoid
fatigue. The experimental procedure was explained thoroughly to participants before they provided
written consent, and the experimenter was always present to address any concerns or questions.
Contact details of the primary researcher, supervisors, and the ethics committee were provided to
participants during the debrief. Participants could withdraw their data at any time, although data

analysed collectively cannot be removed as they can no longer be identified individually.

4.3 Results

4.3.1 Priming Manipulation Checks

Before conducting the primary analyses, manipulation checks were performed to assess if
the cultural values held by participants were consistent with their respective priming conditions.
Although participants were primed with either independence or interdependence values, the SCS,
COS, and AHS that measured self-construal, cultural orientation and holistic thinking were
administered. Chapter 2 had established concurrent and predictive validity for these measures.
Therefore, examining responses on all three measures were estimated to provide a more

comprehensive insight into the influence of priming.

Singelis (1994) SCS. Participants who had been independently primed were more likely to
hold interdependent self-construal. In contrast, interdependently primed participants were more

likely to hold independent self-construal according to the SCS (see Appendix T1). However, as seen in
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Figure 4.2, there was no statistically significant association between SCS self-construals and
priming conditions, ¥?(2, N = 59) = 2.17, p = .338, thus indicating that those primed with
independence, interdependence, as well as the control group were equally likely to possess

independent and interdependent self-construal as measured by the SCS.

Figure 4.2

Self-Construals (Singelis, 1994) of Participants According to Priming Conditions
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Note. Participants were equally likely to hold independent and interdependent self-construal

regardless of priming conditions.

Triandis and Gelfand’s (1995) COS. Separate scores were calculated for an individualism
(sum of Hl and VI) and collectivism (sum of HC and VC) dimension. The aggregated scoring procedure
reduced the number of uncategorised participants from 13.3% (n = 8) to 3.3% (n = 2). However, a
chi-square analysis revealed that participants regardless of priming condition were equally likely to
hold individualistic or collectivistic values, ¥?(2, N = 58) = 1.32, p = .517 (see Appendix T2). A further
examination of the data by priming condition revealed a significant difference between the priming

groups in individualism scores, F(2, 57) = 7.29, p = .002, n?, = .204. Participants in the control group
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(M =51.95; SD = 7.01) were significantly more individualistic than the independently (M = 45.35; SD

= 4.85) and interdependently- (M = 46.45; SD = 5.50) primed groups (see Figure 4.3).

Figure 4.3

Cultural Orientation (Triandis & Gelfand, 1998) of Participants According to Priming Conditions
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Note. Participants were equally likely to hold independent and interdependent self-construal

regardless of priming conditions.

Choi et al.’s (2004) AHS. The mean score on this measure was 118.50 (SD =9.81). The
interdependently-primed group had lower scores (M = 116.60; SD = 10.14) than the independently-
primed group (M = 119.40; SD = 9.59) and the control group (M = 119.50; SD = 9.91). However, there
were no significant differences in holism scores between the priming conditions (p = .577).

The manipulation checks revealed that the independence-interdependence priming
procedure did not impact participants’ responses on all three measures (SCS, COS, and AHS).
Although the control group demonstrated significantly greater individualistic orientations on the
COS than the experimental groups, these findings should be interpreted cautiously due to the poor

reliabilities reported for the COS individualism dimension. Taken together, the lack of significant
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differences in the value orientations between the experimental groups following priming presents
implications for the interpretation and validity of findings related to the main experimental data (see

Section 4.4 for a detailed discussion).

4.3.2 Comparison of Performance Accuracy Between Priming Groups

A 3 (Priming: Independence, Interdependence, or Control) x 4 (Run: 1, 2, 3, and 4) mixed-
measures ANOVA was run to compare response accuracy between the independent (n = 20),
interdependent (n = 20), and control (n = 20) groups. As seen in Figure 4.4, all participants exhibited
learning as the experiment progressed from the first to the last run, F(2.36, 134.57) = 28.05, p < .001,

n?» = .330 (Greenhouse-Geisser Corrected).

Figure 4.4
Response Accuracy of Participants Across Four Runs
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Note. No significant group differences were observed. The error bars represent standard errors.

Generally, the interdependently-primed group had better response accuracy in the
discrimination task than the other groups (see Appendix T3 for scores in each run). However, there
were no significant interactions between the effects of priming and response accuracy (p = .798),
indicating that the priming manipulation was not effective in influencing performance in the
discrimination task. Indeed, a one-way ANOVA on the overall accuracy scores (sum accuracy across

four runs) revealed no significant differences between the three conditions (p =.322), indicating a
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lack of group differences in the general ability to discriminate the global patterns. As no interaction

effects or group differences were observed, learning rates were not analysed in the present study.
4.3.3 Comparison of Reaction Times for Correct Responses Between Priming Groups

The third analysis consisted of a 3 (Priming: Independence, Interdependence, or Control) x 4
(Run: 1, 2, 3 and 4) mixed-measures ANOVA to identify group differences in RT for correct responses.
RTs did not change between runs (p = .246), suggesting consistency in making correct responses
throughout the experiment. Interestingly, as seen in Figure 4.5, the independently-primed group had
consistently faster RTs than the interdependently-primed and control group across the four runs
(see Appendix T4 for RTs in each run). There was a main effect of priming (F(2,57) = 3.60, p = .034,
n?» = .112), indicating a group difference between the priming conditions. The post-hoc analysis with
Bonferroni corrections revealed that the independently-primed group had significantly faster RTs
than the control (p = .021) and interdependently-primed (p = .046) groups in Run 2. However, there
were no significant interactions between the priming conditions and RTs across the four runs, F(4.38,

124.81) = .622, p = .662, n?, = .021 (Greenhouse-Geisser Corrected).

Figure 4.5

Reaction Times of Correct Responses Across Four Runs for Priming and Control Groups
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Note. The independently-primed group had significantly faster RTs in Run 2 compared to the

interdependently-primed and control groups. The error bars represent standard errors.
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The overall RTs for all correct responses across the four combined runs was thus calculated
to assess the general time taken for each group to make accurate judgements of the global patterns.
A one-way ANOVA revealed a statistically significant effect of priming on the overall RTs, F(2, 57) =
3.59, p =.034, n?, = .112. The effect size was medium to large. A post-hoc test with multiple
comparison adjustments (Bonferroni corrections) revealed that the independently-primed group (M
=.553; SD = .163) was significantly faster than the control group (M = .658; SD = .113) when making
correct responses in the task (p = .041; see Figure 4.6). The interdependently-primed group (M =
.635; SD = .110) also appeared to make slower responses compared to the independently-primed
group. However, these differences were not significant (p = .154). There were also no differences

between the interdependently-primed group and the control group (p < .999).

Figure 4.6

Overall RTs of Correct Responses for Priming and Control Groups
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Note. The independently-primed group had significantly faster RTs than the control group when

making accurate perceptual judgements. The error bars represent standard errors.
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4.3.4 Examining the Influence of Sociocultural Variables on Task Performance

Table 4.2 shows the relationship between the dependent variables (overall accuracy and RT)
and the cultural values measured by the COS, SCS, and AHS following the priming procedure.
Independence priming was found to be significantly associated with shorter overall RTs and lower
COS individualism and SCS independence scores. In contrast, the control condition was associated
with longer overall RTs and increased COS individualism and COS collectivism scores. Correlations
between the cultural scales generally replicated the findings from Chapter 2, whereby COS
individualism scores were positively associated with SCS independence scores (see Section 2.3.3).
Likewise, the COS collectivism scores were positively correlated with SCS interdependence scores

and AHS holism scores.

An analysis was then carried out to identify if group differences in accuracy and RTs could be
predicted by the priming manipulations, the values measured by the COS, SCS, and AHS, and the
demographics of participants. Data for overall accuracy was normally distributed, while overall RT
data were skewed (Skewness = -.919; SE = .309). A preliminary regression analysis (enter method)
indicated that demographic predictors including age, handedness, living arrangements, language,
and ethnicity did not contribute significantly to the model for both overall accuracy (p = .349) and
overall RTs (p = .129). Therefore, the subsequent regression analyses focused on the main effects of

priming and the cultural measures.



Table 4.2

Correlation Matrix of Task Performance, Priming Conditions, and Cultural Variables
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Independence Interdependence Control Cos Ccos SCS SCS AHS
Prime Prime Prime Individualism  Collectivism  Independence Interdependence  Holism
Overall RT -.327* .103 224 .079 .160 -.049 .064 172
Overall Accuracy -121 .196 -.074 -.154 -.167 .180 .071 -.097
Independence Prime -
Interdependence Prime -.500** -
Control Prime -.500** -.500** -
COS Individualism -.284* -.162 446* -
COS Collectivism -.050 -.207 257* .205 -
SCS Independence -.221* 124 .097 .376* -.011 -
SCS Interdependence .046 -.013 -.033 -.058 .562** -.169 -
AHS Holism .065 -.138 .073 .009 .347* -.196 A445** -

* significance at <.05, ** significance at <.001
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A multiple regression using the enter method was first applied to predict the variability in
overall accuracy as a function of priming and responses on the COS (individualism and collectivism
scores), SCS (independence and interdependence scores), and AHS (holism score). However, these
variables were not predictive of better response accuracy in the Glass (1969) pattern discrimination
task (p = .277). A second multiple regression (enter method) using the same variables also did not
reveal a significant model for overall RTs (p = .375), although independence priming was found to be
a significant predictive variable (p = .034; M = .615; SD = .137). These findings could be attributed to
the unsuccessful manipulation checks related to the three measures. Therefore, a separate
regression analysis on only the priming conditions revealed a significant model, F(2, 59) = 3.59, p =
.034. Specifically, there was a significant negative association between the independence priming
variable and RT (b = - .327; p = .014). The model explained 8.2% (Adjusted R? = .081) of the variability

in overall RT in the task (see Figure 4.7).

Figure 4.7

Scatterplot Depicting the Relationship between Priming Conditions and Overall RT
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Note. The trendline of the interdependent and control group are not displayed in the figure above

as these variables did not contribute significantly to the regression model.
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4.4 Discussion

The present study employed a priming methodology to establish a causal link between
independent or interdependent self-construal and VPL processes in the Glass (1969) pattern
discrimination task. The endorsement of independence in mainstream Western cultures has been
associated with more analytic thinking, whereas the widespread ideology of interdependence in
Asian cultures has culminated in a tendency for holistic cognition and more global distributions of
attention (Han & Humphreys, 2016; Kitayama et al., 2009). Therefore, the interdependently-primed
group was hypothesised to exhibit greater accuracy and faster RTs in differentiating global forms due
to an increased tendency for global processing. However, the priming manipulation did not impact
response accuracy. Furthermore, the manipulation checks revealed that the priming conditions did
not align with responses on the SCS, COS, and AHS, thereby casting doubt on the efficacy of the
priming manipulation on shifting participants’ cultural identities. These findings are inconsistent with
previous reports that cultural priming can provide direct evidence of cultural influences on different
psychological processes (Benet-Martinez et al., 2002; Choi et al., 2016; Hoersting et al., 2021; Lin et

al., 2008; Ng et al., 2010; Sui & Han, 2007; Wang et al., 2013, 2014).

Contrary to the hypothesis, the independently-primed group also had significantly faster RTs
than the control group, and independent priming was predictive of faster RTs when making correct
responses in the discrimination task. Since the manipulation checks were unsuccessful, the RT
differences could be attributed to other factors. For one, the significantly faster responses indicate
an underlying cultural mechanism or construct linked to independence priming that was not
assessed. For example, faster RTs could be associated with increased confidence in judgements
(Ratcliff & Starns, 2013; Voskuilen & Ratcliff, 2016). Indeed, independent self-construal has been
linked to the need for autonomy and competence (Tanaka, 2020). It is also predictive of greater
expressions of confidence and competence (Lalwani & Shavitt, 2009) and a greater pursuit of

achievement to demonstrate proficiency (Luo et al., 2011; Wang et al., 2021). Therefore, increasing



139

the saliency of the independent self through priming could enhance confidence which contributed to
faster RTs. Alternatively, slower RTs have previously been attributed to wider attentional spread
(Boduroglu & Shah, 2017; Lawrence et al., 2019). Therefore, the faster RTs exhibited by the
independently-primed group indicates a narrower attentional spread consistent with analytic
thinking styles (Choi et al., 2007; Koo et al., 2018). Since VPL trajectories were consistent across
priming conditions, it is estimated that the analytic thinking style induced by independence priming
only manifested in RTs differences. However, these explanations are speculative and warrant further
research to identify the role of self-construal, confidence, and cognitive styles on task performance,

as these were not captured or assessed in the measures used in the present study.

Finding behavioural variations even within a single culture would provide compelling
evidence of the psychological processes which vary as a function of underlying sociocultural
characteristics (e.g., Choi et al., 2016; Han & Humphreys, 2016; Lin et al., 2008; Wang et al., 2013).
The recruitment strategy in this study (i.e., recruiting participants from only Western backgrounds)
mirrors previous approaches of treating independent and interdependent values as an individual
difference variable within a single culture (Matsumoto & Kupperbusch, 2001; Wang et al., 2013;
Wang et al., 2017). Since recruitment was focused on the UK and Europe, participants were assumed
to be inclined towards values associated with Western cultures, such as independence and analytic
thinking. Therefore, the control group should exhibit similar behavioural patterns as the
independently-primed group. However, the control group were instead significantly slower than the
independently-primed group, with RTs being more like the interdependently-primed group. The
discrepancy in RTs could be due to minor performance deteriorations, as small processing errors are
magnified over repeated interactions with the stimuli (O’Reilly, 2001; O’Reilly et al., 2013). The
slower RTs could also be attributed to more conscientious perceptual decision-making (Hansen et
al., 2012). The inability to link the behavioural findings to any of the administered cultural measures
once again illustrates the need for further research investigating the underlying characteristics of

culture that could inform VPL processes (e.g., conscientiousness; Chen et al., 2014).
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The present study has revealed the limitations of the COS, SCS, and the AHS, which could not
be meaningfully associated with priming or task performance. Due to unprecedented rates of
globalisation and an expansion of multiculturalism (Chen et al., 2020; Hong & Cheon, 2017; Vignoles
et al., 2016), a dynamic transaction occurs between individuals and their changing environments
(Wang et al., 2017). People who have been exposed to multiple cultural environments can
internalise different cultural frames and dispositions. The means by which populations navigate local
ecologies may then transfer to how they navigate the social realm through specific scripts of thinking
and doing that are consistent with the values in their respective cultures (Kitayama et al., 2009).
Indeed, the micro-macro contexts of culture that are embedded in multiple dynamic layers of values
and practices can mediate information processing (Bruner, 1990; Wang & Brockmeier, 2002). The
self and cultural systems thereby become mutually constitutive (Wang et al., 2017). However, this
dynamic interaction has yet to be captured by a cultural instrument that can provide a holistic,

accurate, and consistent reflection of the values that people from different cultures may hold.

Future research should seek to identify the circumstances in which the effect of activating
cultural knowledge and concepts may persist as a long-term or short-term implication (Briley et al.,
2014). The lack of behavioural differences in accuracy indicates a deficiency in priming efficacy. For
instance, the Glass (1969) patterns that were degraded with noise may lead to perceptual
uncertainty, thus demanding more attention for accurate identification. A lack of focused attention
may disrupt the contents of visual memory or increase susceptibility to stimuli replacement
(Pylyshyn, 1999). Consequently, priming could be insufficient in the context of the present study due
to the task difficulty, and differences in VPL may not be immediately evident. Indeed, situationally
induced knowledge accessed using cultural primes decays more quickly than chronically accessible
knowledge that is more frequently accessed (Briley et al., 2014; Chiu & Hong, 2006; Hong & Chiu,
2001; Oyserman & Sorensen, 2009). The long experiment duration may thus have weakened the
efficacy of priming; this could further explain the lack of behavioural differences and the poor

associations between independence or interdependence priming with the cultural measures.
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However, the speculative nature of these considerations necessitates additional research to identify
a prime that can directly activate self-construal to influence VPL. Priming in cross-cultural research
remains an intriguing avenue for future research as the effects of priming could instead manifest in

implicit neural and physiological responses (Han & Ma, 2014; Lin et al., 2008; Ng et al., 2010).

The priming of independent and interdependent self-construal has been found to initiate
changes in brain activation rather than manifested behaviours (e.g., Lin et al., 2008; Ng et al., 2010;
Sui & Han, 2007). As mentioned in the introduction, individuals exposed to a different host culture
may adopt distinct cultural identities that can be activated in varying contexts (Brewer & Gardner,
1996). Priming procedures thus allow researchers to infer a causal relationship between culture and
brain activity rather than simple correlational approaches typically used in cross-cultural research
(Han & Humphreys, 2016). Therefore, future research could advance the present study from the
functional neural level to identify our sensitivity to cultural processes at an implicit level. The
systematic application of cultural priming methodologies in research still has the potential to provide

invaluable evidence of culturally influenced neural and psychological responses (Han et al., 2013).

To summarise, the present study has provided some evidence that priming cultural values of
independence can be associated with VPL processes as reflected in the RTs. At the individual (micro)
level, although it is assumed that people have a dominant identity that presents itself in normal
circumstances, these cultural identities can be adapted in response to the environment and context
(Benet-Martinez et al., 2002; Lin et al., 2008; Ng et al., 2010; Wang et al., 2014; Wang, 2008).
Priming techniques thus present important opportunities to examine how social, individual, and
situational factors interact to govern behaviours and attitudes (Syed & Azmitia, 2010). The present
study represents an extension to Chapter 3, and it highlights the importance of examining the
multilevel influence of culture on behaviour (Wang, 2008). The present study contributes important

findings to the thesis as it delves into the influence of culture on behaviour at the individual level.
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4.5 Chapter Summary

In conclusion, the present study represents a critical investigation into the link between
independent-interdependent cultural values on VPL in the Glass (1969) pattern discrimination task.
The outcomes of this chapter contribute to the existing literature on the efficacy of cultural priming
(e.g., Grossmann & Jowhari, 2018; Ji et al., 2000, 2004; Li et al., 2018; Ng et al., 2010; Wang et al.,
2013; Xi et al., 2018), and presents some implications for future research. The limitations associated
with priming, such as the observed inconsistencies in behavioural manifestations (accuracy and RTs),
indicates the need for further research (Aarts et al., 2015; Wiggins & Christopherson, 2019). For
example, the differential RTs between the experimental groups following priming could be
attributed to external cultural factors which were not assessed in the present study. Indeed, the
poor relationship between independence and interdependence priming with the values measured
by the COS, SCS, and the AHS suggests that an alternative measure could more accurately explain
the cultural differences in RTs. Additionally, the lack of manifested behavioural differences in
response accuracy reflects a need to extend the investigation to other VPL domains or employ
neuroscientific techniques such as EEG or fMRI. Nevertheless, as demonstrated in the present study,
although the efficacy of cultural priming remains debatable, unexpected, or discrepant outcomes
within the cross-cultural domain could still contribute evidence for the dynamic nature of culture

and its influence on people’s thoughts and behaviours.
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Chapter 5: Examining the Unitisation Component of VPL using a Symbol Sequence Learning Task

Following the change in research direction (see COVID-19 Impact Statement), the scope of
the investigation was expanded to include the unitisation mechanism of VPL to achieve the aim and
objectives of the present thesis (see Chapter 1). The unitisation mechanism of VPL was incorporated
to ensure continuity as it could also be affected by cognitive style variations. To this end, a symbol
sequence learning task (SLT; Wang et al., 2017) that engages global processing mechanisms like the
Glass (1969) pattern discrimination task was used to investigate cultural differences in VPL. Unlike
the discrimination task that engaged the differentiation mechanism of VPL (ambiguous stimuli
become distinguishable following training), the SLT implicates the unitisation mechanism whereby
complex event configurations are integrated into perceptual wholes to inform accurate predictions.
Furthermore, the SLT engages perceptual processes related to both spatial contexts and temporal
sequences, contributing further novelty to the present investigation. This chapter will begin with a
review of the unitisation mechanism of VPL and how culture could be implicated during training to
impact learning trajectories. The experimental design of the SLT and the study outcomes will then be
presented and evaluated in the later sections of the chapter. The present study aims to expand on

previous findings of how culture can operate on VPL within a different task domain.

5.1 Background

The unitisation mechanism of VPL describes the integration of complex sequences or
configurations into a singular unitised representation following an extended period of training
(Goldstone, 1998, 2000; Liang et al., 2020). Indeed, people can learn to detect the contingencies of
co-occurring stimuli by identifying repetitive patterns or associative pairings (Wang et al., 2017).
There is an increase in task efficiency as people learn to perceive complex visual events or structures
by detecting only a single unit within the composite stimuli. For instance, Pevtzow and Goldstone
(1994) reported that observers were significantly quicker at recognising specific parts of a stick figure

following training involving different combinations of three contiguous lines. The increasing
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familiarity with specific stimuli features or dimensions following training allowed observers to carry
out tasks in a relatively automatic manner, as reflected in their decaying RTs (Cock & Meier, 2007;

Pevtzow & Goldstone, 2019; Schyns et al., 1998). Therefore, frequent exposure and experience with
visual objects through training can enhance perceptual abilities by shifting the direction of attention

towards more specific and relevant components in the stimuli (Schyns et al., 1998).

People can exploit previous knowledge to inform learning of higher-order structures (Wang
et al., 2017). For example, despite the absence of trial-by-trial feedback during training, observers
learned to extract the relevant temporal statistics and probabilistic structure underlying a sequence
of unfamiliar symbols to inform their predictions about upcoming symbols in the sequence (Wang et
al., 2017). Consistent with the unitisation mechanism, it is proposed that observers had, either
implicitly or explicitly, formed an integrated configural representation of apparently single events
(i.e., unfamiliar symbols) to inform their predictions about the overall sequence of events. Indeed,
the accumulated experience with the stimuli was reflected in increased prediction accuracy and
decaying RTs. Since learning often occurs incidentally (Cock & Meier, 2007), it is vital to establish
clear learning indicators (Nissen & Bullemer, 1987). Experiments such as the SLT would thus be a
valuable assessment of learning as it can reveal accuracy and RT improvements in predicting event

sequences following training (Robertson, 2007; Wang et al., 2017).

RT measures provide a trial-by-trial index of predictive and statistical learning in tasks such
as the SLT, where stimuli are presented in a probabilistic sequence (Bornstein & Daw, 2012). People
can track the co-occurrence of stimulus elements through mere observations. Consequently, the
recurring configuration of the stimuli increases its subjective similarity (Welham & Wills, 2011), thus
supporting statistical learning of event sequences and improving RTs. Indeed, faster RTs for more
probable stimuli is representative of predictive learning. The delta rule explains the mechanisms
underlying this learning process; there is a gradual decaying influence of previously observed stimuli

(Bayer & Glimcher, 2005; Lau & Glimcher, 2005). These exponentially decaying weights are
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characteristic of an error-driven learning procedure (Danielmeier & Ullsperger, 2011). Therefore, the
errors that occur when people learn the underlying conditional probabilities of events are part of the

unitisation process that enhances the accuracy of future predictions (Bar, 2009; Dale et al., 2012).

There are individual differences in strategies for learning predictive structures; faster
learners were proposed to employ a probability-maximisation strategy to extract the most probable
outcomes from a complex structure of events (Wang et al., 2017). In contrast, others may attempt to
learn all possible statistical contingencies to match the exact sequence statistics during predictive
learning. However, there is a lack of research on the process of unitisation in learning predictive
structures within the context of culture. It is hypothesised that cultural differences in analytic and
holistic cognitive styles could also impact the process of unitisation processes during VPL in the SLT,

as evidenced in the previous studies within this thesis.

An analogy that can relate unitisation processes to analytic and holistic thinking styles is in
word perception. A combination of letters become unitised through learning as one becomes more
familiar with different letter arrangements that form coherent words (Allen et al., 1995, 2002;
Ganayim, 2015; Johnson et al., 1986; Tao et al., 1997). Increased familiarity results in an increased
redundancy of the letters within words. Consequently, words are often identified faster than its
letters (Johnson, 1975). This word-level processing represents holistic or global processing. However,
disrupting the higher-level appearance of words by using mixed-cased letters, for instance, leads to
slower processing at the letter level (Allen et al., 1995, 2002; Ganayim, 2015; Johnson et al., 1986;
Tao et al., 1997). This letter-level processing reflects analytic processing. Taken together, the
unitisation process that occurs during VPL could be impacted by differences in analytic and holistic
thinking. Similarly, the sequence of events (i.e., stimuli) in the SLT becomes uninformative if
perceived analytically as independent occurrences. It needs to be perceived holistically as a series of

interconnected elements consistent with global perceptual processes. Therefore, the present study
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would examine the unitisation mechanism of VPL while accounting for the analytic-holistic cognitive

style variations between cultures (Choi et al., 2007; Koo et al., 2018).

The utility of the SLT for examining cultural differences in VPL is consistent with the previous
investigations in this thesis, as it also compels participants to engage in global or holistic processing.
Consequently, any observed differences between people from varying cultural backgrounds would
present further evidence of the dominant influence of culture in varying task domains despite the
GPE. Indeed, in contrast to the Glass (1969) pattern discrimination task which engages low-level
percepts in a top-down manner, the SLT engages processes related to the formation of high-order
associations (unitisation) in a bottom-up fashion (Chafee & Ashe, 2007; Keele et al., 2003).
Therefore, the present study contributes diversity to the investigations in this thesis as the SLT
engages the unitisation mechanism of VPL using a task that implicates both spatial contexts and
temporal sequences (i.e., participants must configure the spatial relationships of distinct events that
manifest based on underlying temporal statistics). Examining both temporal and spatial modalities
has important implications for understanding higher-order cognitive functions and the meaningful
integration of complex event structures (Liang et al., 2020; Powers et al., 2016; Shin & lvry, 2002;
Wang et al., 2017). The outcomes could translate into real-world training paradigms that require
sequential and ordered execution, such as linguistics, reading, musical ability, and sports activities

(Polat, 2009; Shin & Ivry, 2002; Smyth & Naveh-Benjamin, 2018; Wang et al., 2017).

Collectively, in addition to the real-world applications, employing the SLT to test implicit
learning is significant because automatic cognition depends on covert or implicit cultural knowledge
structures such as analytic-holistic thinking (Chua et al., 2005; Park & Huang, 2010). Park et al. (2016)
have also proposed that cultural groups were better differentiated by implicit rather than explicit
tendencies. Therefore, measures such as RTs and accuracy may reduce artefacts like demand
characteristics, social desirability, and reference group effects that manifest in explicit measures

such as questionnaires (Han, 2015; Park et al., 2016). Although the design of the SLT appears
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relatively simple, it could represent the processing of short-term event sequences or structures that
cognitive systems may encounter during daily activities (Botvinick & Plaut, 2004; Dale et al., 2012).
The present study is thus a simplified representation of this ecological context where learning

manifests through the detection of regularities in the environment (Dale et al., 2012).

5.1.1 Aims of Study

The present study aimed to examine implicit multilevel cultural influences on the unitisation
mechanism of VPL. Learning will be represented by performance index following training, RT
improvements, and learning rates in predicting context-dependent event sequences. The SLT is a
test of implicit memory and statistical learning, as reflected in participants' speed of predicting
patterns in a structured sequence of stimuli (Wang et al., 2017). In the present study, participants
from individualistic and collectivistic cultural backgrounds (the macro level of culture) were trained
to predict upcoming stimuli as accurately as possible based on learning from previously presented
stimuli sequences. Unbeknownst to participants, set probabilities govern the sequence in which
specific stimuli may appear. Performance index and improvements in RTs would thus reveal if
participants learned the implicit probabilities of the presented stimuli. Performance index should
progressively increase, while RTs should decrease as participants learn the governing probabilities
underlying the sequence of events through a unitisation process. Additionally, it would be intriguing
to examine if cultural differences at the micro level as defined by holistic thinking (Choi et al., 2007),
social orientation (Singelis, 1994), and cultural orientations (Triandis & Gelfand 1998) could also be
linked to the unitisation mechanism of VPL. Participants from collectivistic backgrounds where
holistic thinking is prevalent and those with interdependent self-construal are predicted to be better
at integrating the underlying probabilities of single events into whole configural units. It is estimated
that participants would make faster and more accurate predictions following unitisation, as
indicated by increasing performance indices and decaying RTs, compared to their individualistic

counterparts and those who have independent self-construal.
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5.2 Method

5.2.1 Participants

Sixty-four participants were recruited using Prolific (www.prolific.co) — an online participant

recruitment platform. The sample size was determined based on a power analysis on G*Power (Faul
et al., 2007; see Appendix U), and based on previous research (Wang et al., 2017). A custom pre-
screening feature available on Prolific was applied to recruit Western individualist and Eastern
collectivist participants. Specifically, for the collectivistic group, the study was made available to
users who were nationals were from Bangladesh, Cambodia, China, Hong Kong, India, Indonesia,
Japan, Korea, Macau, Malaysia, Myanmar, Pakistan, Philippines, Singapore, Sri Lanka, Taiwan,
Thailand, and Vietnam. An additional screening criterion was applied to only include participants
who identified as monocultural individuals. The remaining pool of eligible participants following the
custom pre-screening was 322 individuals. Similarly, the monocultural criterion was applied for the
individualistic group. Users who reported nationalities from the UK, Ireland, Germany, France,
Belgium, Denmark, Finland, Italy, Netherlands, Norway, Poland, Sweden, and Switzerland were
invited to participate in the study. The pool of eligible participants following the monocultural and
nationality pre-screening for the individualistic sample was 20,469 individuals. Participants recruited

on Prolific were reimbursed £6.00 for their participation in the hour-long experiment.

Of the 64 participants, two participants — one from the individualistic group and one from
the collectivistic group — were excluded from analysis as they did not engage in the instructional call
for the main learning task. Therefore, they may present as outliers due to a lack of understanding of
the task requirement. The mean age of the remaining participants (33 females, 29 males) was 28.05
+ 9.34 years. Among these, 44 spoke English as their first language, while the remaining 18
participants had spoken English for 13.89 + 7.15 years with an average confidence of 4.14 (SD = .723)
out of a score of five. Additionally, 44 participants reported playing games (M = 10.48 hours per

week; SD = 10.56). Table 5.1 below shows further details of participant demographics.
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Table 5.1

Participant Demographics

Descriptors n

Handedness
Right 53
Left 7
Ambidextrous 1

Living Arrangement

Alone 9
Significant Others 39
Housemates 14
Ethnicity
White 26
Black 3
Asian 32
Mixed 1

Educational Attainment

Higher Education 43
College 12
High School 7

Household Income

Below £10,000 7
£10,001 - £20,000 16
£20,001 - £30,000 4
£30,001 - £40,000 4
£40,001 - £50,000 10
£50,001 to £150,000 13
Above £150,000 3
Prefer not to say 5

Participants were categorised into two experimental groups based on their self-reported
nationalities. The individualistic group consisted of 32 participants, while the collectivistic group

consisted of 30 participants. Table 5.2 below shows the breakdown of participants based on self-
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reported nationalities. For the collectivistic group, participants consistently reported that they spent
most of their youth in their birth country and the places where they held citizenship (see Appendix V
for further details). However, some reported that they were currently residing in other countries.
Nonetheless, as these participants had reportedly spent most of their youth in their birth countries,
they were categorised into the collectivistic group for the purposes of the present experiment (Chen
et al., 2021). Implications of the diversity in the sample are considered in the Discussion (see Section

5.4) and in Chapter 7 (see Section 7.3.2).

Table 5.2

Nationalities of Participants

Nationalities n
Collectivistic
India 11
Malaysia 8
Vietnam 4
China 3
South Korea 3
Taiwan 1
Individualistic
United Kingdom (UK) 26
Europe 6

Note. The European category includes countries such as the Netherlands (n = 1), Belgium (n = 1),

Finland (n = 2), France (n = 1), and Italy (n = 1).

5.2.2 Design

The present study employed a between-subjects design comparing two groups from
individualistic and collectivistic groups based on their self-reported nationalities. RTs and
performance index were recorded and calculated for each participant to compare VPL differences in

sequence learning between participants from individualistic and collectivistic cultures. Additionally,
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participants were also categorised based on their responses on the SCS (independence-
interdependence), COS (horizontal and vertical individualism-collectivism), and AHS (analytic-holistic
thinking) to compare performance at the individual level. Collectively, the independent variables in
the present study are individualism-collectivism cultural backgrounds (macro level) and individual
level differentiations measured by the SCS, COS, and AHS (micro level). The dependent variable is

the performance index and RTs across five runs in the symbol SLT.

5.2.3 Materials

The self-report measures from earlier chapters were also used in the present experiment,
including the demographics questionnaire, Singelis’ (1994) SCS, Triandis and Gelfand’s (1998) COS,
and Choi et al.’s (2007) AHS (see Appendix E to G). Cronbach’s reliabilities for each measure are
reported below. Some additional questions were included in the demographic questionnaire (see
Appendix W) to ascertain SES (based on household income), educational attainment, dominant
hand, video gaming habits, and where participants had spent most of their youth. These factors
could add an unaccounted source of variance to the data (Boer et al., 2018), and were thus

examined as predictor variables in the regression analyses (see Section 5.3.6).

Singelis (1994) SCS. The SCS was used to identify self-construal differences between the
individuals of the different experimental groups. Cronbach’s reliability for the overall scale was .669;
Specifically, a values for the 12 independent and 12 interdependent items were .768 and .702,

respectively. These were comparable with the reliabilities reported in Chapter 2.

Triandis and Gelfand’s (1998) COS. The COS assessed cultural orientation values on four
dimensions: VI, HI, VI, and VC. Cronbach’s reliability for the overall scale was .703. Specifically, a
values for the HI, VI, HC, or VC dimensions were .667, .764, .676, and .776, respectively, and these
were also comparable with the reliabilities reported in Chapter 2. As 10 participants could not be

categorised due to similar scores on more than one subscale, separate scores were calculated for
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the individualism (sum of HI and VI) and collectivism (sum of HC and VC) dimensions. The number of
uncategorised participants following the aggregated scoring procedure was reduced to two. The

individualism and collectivism dimensions had reliabilities of .697 and .778, respectively.

Choi et al.’s (2007) AHS. The AHS assessed thinking styles on four dimensions: causal
perception, attitude towards contradiction, perception of change, and locus of attention. Cronbach’s
reliability for the overall scale was .631. Alpha values for the four dimensions (causality,

contradiction, change perception, and attention) were .611, .667, .585, and .690, respectively.

Sequence Learning Task. The symbol SLT was administered on the i-ABC online website
(Adaptive Brain Lab, University of Cambridge, UK). In this task, participants were exposed to a
sequence of four symbols and were subsequently asked to predict which symbol should appear next.
The SLT employed in this chapter was adapted from Wang et al.’s (2017) study. The stimuli consisted
of Ndjuka syllabary (Turk-Browne et al., 2009), and the symbols were presented against a mid-grey
background to ensure discriminability. Three sets of the stimuli, each consisting of four symbols,
were randomly assigned to participants to ensure that any cultural differences did not stem from
effects of familiarity (see Figure 5.1). The random set selection assigned to each participant at the

beginning was maintained across all runs.

Figure 5.1

Experimental Stimuli (Ndjukd syllabary; Turk-Browne et al., 2009)
A B C

Note. Participants were randomly one of the three sets of stimuli (set A, B, or C). Each stimulus set

consisted of four Ndjukd symbols.
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For the current experiment, participants completed five test runs, and each run consisted of

60 trials (approximately eight minutes per run). Each trial consisted of a variable sequence length (9

to 13 symbols). The variable length was to sustain the participant’s attention in the task (Wang et al.,

2017). Figure 5.2 shows the sequence of events for the SLT.

Figure 5.2

The Sequence of Events for the SLT

Ready to Start
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Note. Figure 5.2(A) shows the sequence of events presented on a white background for illustration

purposes. Figure 5.2(B) shows the sequence of events presented to participants on the i-ABC

platform (Adaptive Brain Lab, University of Cambridge, UK).

Each symbol (item) appeared one at a time and remained on the screen for 100 ms. There

was a 400 ms interstimulus gap between each item. Following presentation of the symbol sequence,

a small red circle appeared on the screen for 400 ms as a cue for participants to make a response.

The response screen then displayed all four symbols randomly in a two-by-two grid for 2000 ms or

until participants indicated using a mouse press which symbol should appear next in the sequence. A

white highlight around the chosen stimuli appeared for 300 ms following participant’s responses.

Alternatively, the response screen would time-out after 2000 ms if no stimuli were selected and a
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null response was recorded. There was a 150 ms interval before the next trial onset. Following Wang
et al.’s (2017) study, trial-by-trial feedback was not provided. Instead, block feedback was presented
to participants at the end of each test run.

Unbeknownst to participants, the sequence of events was generated using a first-order
(Level 1) Markov model that manipulated the probabilistic order in which the symbols appeared
(Karlaftis et al., 2019; Wang et al., 2017). Specifically, the memory order of the symbol sequence,
also called the context length, was manipulated to generate the statistics that determine which
symbol should appear next based on the immediately preceding symbol. This underlying Markov
model can be defined by the following formula (Wang et al., 2017), where i refers to time, k refers

to the order of the model (k = 1 in the present study), and s(i) refers to the target symbol at time i

P(s@|s(i—1),s( —2),..,s(1) = P(s@|sCi = 1),s( — 2), ..,s(i — k), k < i.
As seen in the formula, the preceding k-tuple of symbols (s(i — 1),s(i — 2), ..., s(i — k)) represents
the context. For a level-1 model, this would mean that the target participants needed to identify was
conditional on the previous symbol. Indeed, the context-based statistic generated stipulates that the
participants could either select the high probability target (80%) or the low probability target (20%).
For example, as seen in Figure 5.3, if symbol A was presented, symbols B or C could follow, with

symbol B being 80% more likely to occur than symbol C, which has a 20% occurrence probability.

Figure 5.3

First-Order Markov Model (Wang et al., 2017)

Target
Level-1
0.8 | 0.2

0.8 | 0.2
Note. The four symbols (assigned with letters A, B, C, and D) have different conditional probabilities

Context

0.2 0.8
0.8 | 0.2

O|loo|®m | >

based on the immediately preceding symbol.
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5.2.4 Procedure

All participants provided informed consent and completed all the self-report measures
(demographics, SCS, COS, and AHS). Upon completing the questionnaires, participants were
provided with a link to a Microsoft Teams call with the researcher. The researcher then instructed
participants to set up an account on the i-ABC experimental platform using their anonymised Prolific
code. Once logged onto the i-ABC, participants were provided with instructions for the SLT. All
participants then familiarised themselves with the task procedure by completing a mandatory
practice phase that consisted of five trials of a randomised stimuli sequence. Participants could then
choose to complete additional practice phases. Following the practice, participants proceeded to the
test phase of the SLT, which consisted of five experimental runs. Responses were made using the left
button on the mouse while all responses and RTs were recorded. The test phase took approximately
40 minutes, with short breaks between each run to prevent fatigue. The researcher remained on the
call to resolve any issues or address any questions throughout the study. Participants were thanked,

debriefed, and reimbursed for their time upon completion of the experiment.

5.2.5 Data Analysis

MATLAB 2020a (The MathWorks Inc., 2020) and IBM SPSS Statistic for Windows, Version
25.0 (IBM Corp., 2017) were used for data analysis. The data which met parametric assumptions
were analysed in six steps. The first analysis was to examine individual-level differences on the SCS
(Singelis, 1994), COS (Triandis & Gelfand, 1998), and AHS (Choi et al., 2007) measures. Next, a set of
three analyses were conducted to identify if there were any group and individual level differences in
performance in the task. Macro level group differences were defined by individualistic and
collectivistic backgrounds (Hofstede, 2017), while individual-level differences were defined by the

SCS (independence-interdependence) and COS (individualism-collectivism) categories.

A performance index (Pl) was calculated to quantify performance for each participant. The

contingency table (context-target frequency) of responses were compared to the context-target
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frequency table for the presented trial sequences (see Figure 5.3). The absolute Euclidean distance
was first computed across 60 trials per run using the following formula, where the distribution of

participant responses was subtracted from the distribution of the presented sequence:
AbDist(context) = Yiarget |Presp(target|context) — P,,.s(target|context)

Next, Pl for each context was calculated to identify the minimum overlap between the response

distributions (AbDist) and presented sequence distributions using the following formula:
PI(context) = Yiarget Min (Presp(target|context), Pyres(target|context))
Note that the formula can also be represented by:
Pl(context) = 1 — AbDist(context)/2.

Finally, overall Pl in each run was calculated by averaging the performance indices across contexts,

PI(context), weighted by the corresponding stationary context probabilities:

PI = Y context PI(context) - P(context)

Each participant thus had an absolute PI for all runs. The calculations above show that the Pl reflects
the match between response distributions with the presented symbol distributions. This method of
computing performance accounts for the probabilistic nature of the event sequences instead of
using just a simple correct or incorrect measure of accuracy (Wang et al., 2017). Additionally, to
account for possible confounding effects of random-guesses, a relative Pl was computed by
subtracting random-guess baselines (Pl,.;,4 = 0.45) from the absolute PI. The relative Pl represents

a normalised Pl measure that reflects performance relative to random guessing in each run.

Collectively, one analysis was used to compare task performance as defined by absolute PI
and relative Pl between individualistic and collectivistic groups at the macro level of culture (see
Section 5.3.2). Consistent with the micro (individual) level analysis procedure in Chapter 3 (see
Section 3.3.3), performance was also compared between those with independent and

interdependent self-construals (see Section 5.3.3), and those with individualistic or collectivistic
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cultural orientations (see Section 5.3.4). RTs between groups were also reported for each analysis to

assess if participants' responses varied as a function of cultural differences.

The third analysis examined cultural group differences in overall Pl and learning rates.
Learning rates are defined as the slope of the linear line fitted for the absolute Pl across five runs for
each participant. Alternatively, to account for the non-linear changes in performance amongst
participants, an integral curve difference (ICD) between absolute Pl and random PI was also
calculated. The integral of the random-guess baseline curve was subtracted from the integral of each

participant’s Pl curve to obtain the overall Pl for each participant.

The fourth and final analysis was a regression analysis to examine the relationship between
overall Pl and learning rates on the SLT with variables such as SCS, COS, and AHS scores. Additional
predictor variables such as SES, educational attainment, years lived in a different country, and
ethnicity, were also included in the model to identify if these moderated the effects of learning.

Categorical data were coded into dummy variables for the regression analysis.

5.2.6 Ethical Considerations

Ethical approval was granted by the university’s research ethics committee (Reference:
Chua/#7658/sub2/R(A)/2020/Dec/BLSS FAEC; see Appendix H3). Written consent was required for
participation. Participants were advised to refrain from participating if they could not look at
computer screens for extended periods. There were breaks between each experimental block (every
8 minutes) to avoid fatigue, but participants could leave the study at any time. The study was
explained thoroughly to participants before they provided consent. The experimenter was also
present on a Microsoft Teams call to address any concerns or questions throughout the study.
Contact details of the research team and the ethics committee were provided to participants in the
debriefing. Participants could withdraw their data at any time, although data analysed collectively

cannot be removed as they can no longer be identified individually.
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5.3 Results

5.3.1 Comparison of Responses on the Self-Report Measures

The following analyses were carried out to identify if participants from individualistic and
collectivistic cultures held values consistent with their cultural backgrounds as measured by the SCS,

COS, and AHS (i.e., independence-interdependence, individualism-collectivism, holism).

Singelis (1994) SCS. More participants in the individualistic group had independent self-
construals, while the collectivistic group consisted of more participants who had interdependent
self-construals (see Table 5.3). However, a chi-square analysis revealed that the association between
SCS self-construal and cultural group only approached significance, y(1, N = 62) = 3.14, p = .076. The
individualistic group (M = 4.95; SD = .873) had generally higher scores on the SCS independence
subscale than the collectivistic group (M = 4.71; SD = .682), although this difference was not
significant (p = .236). Additionally, the differences between the individualistic (M = 4.65; SD = .709)
and collectivistic (M = 4.98; SD = .597) group on the SCS interdependence subscale only approached

significance (p = .051).

Table 5.3

Participant’s Self-Construals (Singelis, 1994) According to Cultural Groups

Self-Construal n Percentage (%)

Individualistic Group

Independence 20 62.5

Interdependence 12 37.5

Collectivistic Group

Independence 12 40.0

Interdependence 18 60.0




159

Triandis and Gelfand’s (1998) COS. Table 5.4 shows a breakdown of the cultural orientations
held by participants from different cultural backgrounds. However, a chi-square analysis revealed
that participants, regardless of background, were equally likely to hold individualistic or collectivistic
values on the COS (p = .795). A further examination of the data revealed no significant differences in

the aggregated individualism (p = .619) or collectivism (p = .073) scores between both groups.

Table 5.4

Participant’s Cultural Orientations (Triandis & Gelfand 1998) According to Cultural Groups

Cultural Orientation n Percentage (%)

Individualistic Group

Individualism 14 43.8
Collectivism 16 50.0
Missing 2 6.3

Collectivistic Group
Individualism 13 433

Collectivism 17 56.7

Choi et al.”s (2007) AHS. The mean score of respondents on this measure was 118.13 (SD =

10.38). There was no significant difference in holism scores between both groups (p = .661).

5.3.2 Comparison of Performance Index and RT at the Macro Level

First, a 2 (Culture: Individualistic or Collectivistic) x 5 (Run: 1, 2, 3, 4, and 5) mixed-measures
ANOVA was run to compare the absolute Pl between the individualistic (n = 32) and collectivistic (n =
30) groups. All participants exhibited learning as the experiment progressed from the first to the last
run, F(2.66, 159.34) = 15.46, p < .001, n?, = .205 (Greenhouse-Geisser Corrected). However, as seen

in Figure 5.4(A), there were no significant interactions between the cultural groups and absolute PI
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across five runs (p = .432; see Appendix X1 for detailed scores). These findings indicate no

differences in performance between the individualistic and collectivistic groups at the macro level.

Figure 5.4

Absolute and Relative Performance Index of Participants Across Five Runs
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Note. Figure 5.4(A) presents the data for absolute PI, while Figure 5.4(B) presents the data for
relative PI. Relative Pl reflects performance relative to random guessing. All participants exhibited
learning as the experiment progressed from the first to the last run. However, there were no group

differences in both absolute and relative Pl. The error bars represent standard errors.

A 2 (Culture: Individualistic or Collectivistic) x 5 (Run: 1, 2, 3, 4, and 5) mixed-measures
ANOVA was also run to compare the relative Pl between the individualistic and collectivistic groups
(see Figure 5.4(B)). As mentioned previously, the relative Pl reflects a normalised indicator of task
performance relative to random guessing (Relative Pl = Absolute Pl — Random Guess; Wang et al.,
2017). All participants exhibited learning as the experiment progressed from the first to the last run,
F(2.81, 168.39) = 16.46, p < .001, n?, = .215 (Greenhouse-Geisser Corrected). Like the absolute PI,
there were no significant interactions between the cultural groups and relative Pl across the five
runs (p = .466), thereby indicating a lack of cultural groups differences at the macro level in the SLT

(see Appendix X2 for detailed scores).
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The third analysis consisted of a 2 (Culture: Individualistic or Collectivistic) x 5 (Run: 1, 2, 3, 4,

and 5) mixed-measures ANOVA to identify if there was a group difference in RTs for making

responses (see Figure 5.5 or Appendix X3). RTs significantly decreased across runs, F(2.58, 154.64) =

22.04, p < .001, n?, = .269 (Greenhouse-Geisser Corrected). However, there were no significant

interactions between the cultural groups and RTs across the five runs (p = .948).

Figure 5.5

Reaction Times of Individualistic and Collectivistic Groups Across Five Runs
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Note. RTs significantly decreased across runs, but no group differences were observed. The error

bars represent standard errors.

5.3.3 Comparison of Performance Index and RT at the Micro Level: Independent and
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Interdependent Self-Construals (Singelis, 1994)

A 2 (Self-Construal: Independence or Interdependence) x 5 (Run: 1, 2, 3, 4, and 5) mixed-

measures ANOVA was run to compare the absolute Pl between those with independent (n = 32) and

interdependent (n = 30) self-construal as measured on the SCS. Levene’s test for equality of

variances was met. All participants exhibited learning as the experiment progressed from the first to
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the last run, F(2.78, 166.90) = 16.56, p < .001, n%, = .216 (Greenhouse-Geisser Corrected).
Importantly, there was a significant interaction between self-construal distinctions and absolute PI
across the five runs, F(2.78, 166.90) = 3.58, p = .018, n%, = .056 (Greenhouse-Geisser Corrected). As
seen in Figure 5.6(A), those with interdependent self-construal had significantly better performance
in the SLT than those holding independent self-construal (see Appendix X4 for detailed scores).
Specifically, performance began to diverge from the third run. Post-hoc t-tests revealed group
differences in Run 3, t(60) = 2.39, p =.020, d = .606 (medium effect size), and Run 5, t(60) = 2.66, p =
.010, d = .676 (medium effect size). However, the p-value was adjusted to .010 (Bonferroni
corrections) to control for errors related to multiple comparisons (Lee & Lee, 2018). As such, the
group differences were not significant. Alternative learning indices (overall Pl and learning rate)

were thus compared between the independent and interdependent groups (see Section 5.3.5).

Figure 5.6
Absolute and Relative Performance Index of Participants with Independent and Interdependent Self-

Construal (Singelis, 1994) Across Five Runs
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Note. Figure 5.6(A) presents the absolute PI, while Figure 5.6(B) presents the data for relative PI.
There were significant interactions between self-construal distinctions and absolute Pl (p =.018), as

well as relative Pl (p = .048). The error bars represent standard errors.
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A 2 (Self-Construal: Independence or Interdependence) x 5 (Run: 1, 2, 3, 4, and 5) mixed-
measures ANOVA was also run to compare the relative Pl between the independent and
interdependent groups. Levene’s test for equality of variances was met. Like the absolute PlI, all
participants exhibited learning as the experiment progressed from the first to the last run, F(2.92,
174.89) = 17.41, p < .001, n?, = .225 (Greenhouse-Geisser Corrected). There was also a significant
interaction between self-construal distinctions and relative Pl across the five runs, F(2.92, 174.89) =
3.02, p =.033, n?, = .048 (Greenhouse-Geisser Corrected). As seen in Figure 5.6(B), those with
interdependent self-construal had better performance in the SLT than those with independent self-
construal (see Appendix X5 for detailed scores). However, post-hoc t-tests with multiple comparison
adjustments revealed group differences that only approached significance in Run 3, t(60) = 2.36, p =
.022, d =.598, and Run 5, t(60) = 2.50, p = .015, d = .636. To control for Type 1 errors related to
multiple comparisons (Lee & Lee, 2018), the statistical significance for the post-hoc analyses were
also set at p =.010 (Bonferroni corrections). A third mixed-measures ANOVA analysis revealed no
significant interactions between the self-construal groups and RTs across the five runs (p = .831; see
Appendix X6 for RTs in each run). Nonetheless, RTs significantly decreased across runs, F(2.58,
154.80) = 21.96, p < .001, n?, = .268 (Greenhouse-Geisser Corrected), indicating learning across all

participants as the study progressed.

5.3.4 Comparison of Performance Index and RT at the Micro Level: Individualism and

Collectivism Cultural Orientations (Triandis & Gelfand, 1998)

A 2 (Cultural Orientation: Individualism or Collectivism) x 5 (Run: 1, 2, 3, 4, and 5) mixed-
measures ANOVA was run to compare the absolute Pl between those with individualistic (n = 27)
and collectivistic (n = 33) cultural orientation as measured by the COS (see Appendix X7 for detailed
scores). All participants exhibited learning as the experiment progressed from the first to the last
run, F(2.73,158.11) = 15.71, p <.001, n?, = .213 (Greenhouse-Geisser Corrected). However, there
were no significant interactions between cultural orientation distinctions and absolute Pl across the

five runs (p =.781). As seen in Figure 5.7(A), there were no differences in absolute Pl between those
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with individualistic and collectivistic cultural orientations. Figure 5.7(B) shows a similar pattern of

findings for relative Pl across the five runs (p = .776; see Appendix X8).

Figure 5.7
Absolute and Relative Performance Index of Participants with Individualistic and Collectivistic Cultural

Orientations (Triandis & Gelfand, 1998) Across Five Runs

A B

— .700 A .250 +

b T

3 2

o .650 ® .200 -

< &

— .600 A -

E 3 150 -

£ 550 - £

g g .100 -

é .500 - é

S 450 4 — - 5 050 - — -

< - —e—COS Individualism| —e—COS Individualism

& —e— COS Collectivism Q —e— COS Collectivism
-400 T T T T T 1 .000 T T T T T 1

1 2 3 4 5 1 2 3 4 5
Runs Runs

Note. Figure 5.7(A) presents the data for absolute PI, while Figure 5.7(B) presents the data for
relative PI. All participants exhibited learning as the experiment progressed from the first to the last
run. However, there were no absolute and relative Pl differences between groups defined by cultural

orientation distinctions. The error bars represent standard errors.

A third mixed-measures ANOVA analysis revealed no significant interactions between groups
distinguished by cultural orientations and RTs (p = .254; see Appendix X9 for RTs in each run).
Nonetheless, like the previous analyses, RTs significantly decreased across runs, F(2.64, 153.24) =
22.97, p<.001, n?, = .284 (Greenhouse-Geisser Corrected), indicating learning across all participants

as reflected by the decaying RT following training.
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5.3.5 Comparison of Overall Performance Index and Learning Rates (Slope of Performance Index)

This part of the analysis examined group differences in overall Pl and learning rates. As
detailed in the Methods (see Section 5.2.5), overall Pl is defined by the ICD between the Pl curve and
the random-guess baseline curve. In contrast, learning rates were defined as the slope of the linear
line fitted for Pl across five runs. A t-test conducted on the overall Pl (p = .514) and learning rates (p
=.601) revealed no significant difference between the individualistic and collectivistic cultural
groups. Similarly, no significant differences were found for the groups distinguished by the COS on
overall Pl (p =.993) and learning rates (p = .459).

A t-test comparing groups with independent (M =.014; SD = .014) and interdependent (M =
.037; SD = .039) self-construal as defined by the SCS revealed significant differences in learning rates,
t(60) =2.47, p = .017, d = .625 (see Figure 5.8(A)). There was also a significant difference in overall Pl
between both groups, t(60) = 2.00, p =.0495, d = .509. As seen in Figure 5.8(B), the interdependent

group (M = .765; SD = .544) had higher overall Pl than the independent group (M = .488; SD = .545).

Figure 5.8

Differences in Learning Rates and Overall Performance Index for Individuals with Independent and

Interdependent Self-Construal (Singelis, 1994)
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Note. There was a significant difference in learning rates and overall Pl between independent and

interdependent groups. The error bars represent standard errors.
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To further explore the relationship between the SCS groups and learning on the SLT, a k-
means cluster analysis was applied to the data on learning rates to classify participants as fast or
slow learners. A chi-square test for association revealed a statistically significant association
between SCS self-construals and learning rates, y%(1) = 11.39, p = .001, Cramer’s V = .429. The
strength of association between the variables is medium to large. Specifically, individuals with
independent self-construal were more likely to be slow learners than those with interdependent
self-construal (see Figure 5.9). A supplementary analysis was conducted to identify if the differences
in task performance were attributed to variations in individual learning strategies instead of the
independence and interdependence cultural constructs (see Appendix Y). The findings revealed that
most participants (n = 50) adopted a similar matching strategy for completing the task. Therefore,
the observed behavioural differences are attributed to values of independence-interdependence

rather than differences in individual learning strategies.

Figure 5.9

Learning Rate Data Clusters for Participants with Independent and Interdependent Self-Construal
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Note. A k-means cluster analysis categorised the independent and interdependent participants into
a fast learner or slow learner category. Individuals with independent self-construal were more likely

to be slow learners compared to those with interdependent self-construal.
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5.3.6 Examining the Influence of Sociocultural Variables on Task Performance

The final analysis was used to identify if group differences in overall PI (ICD between
absolute Pl and random PI) and learning rates (slope of Pl) in the SLT could be predicted by the
values measured by the COS, AHS, SCS, and demographics of participants. Data for the overall Pl and
learning rates were normally distributed. Preliminary analysis of the correlation matrix (see
Appendix Z) revealed that there was a significant negative association between overall Pl and SCS
independence scores, r(60) = -.293, p = .010 (moderate effect size). However, the negative
association between learning rates and SCS independence scores only approached significance (p =
.053). There was also a significant negative association between COS individualism score and

learning rates, r(60) = -.217, p = .045 (small to medium effect size).

The first regression analysis (enter method) examined if demographic predictors including
age, gender, living arrangements, years lived in a different country, language, ethnicity, dominant
hand, gaming habits, education level, and household income level were predictors of overall PI.
These variables accounted for 15.4% (Adjusted R? = .154) of variation in the model. However, the
regression model was not significant (p = .115). A separate regression analysis (enter method) to

predict learning rates based on the same demographic variables was also not significant (p = .445)

A second regression analysis (enter method) with predictors such as SCS independence and
interdependence scores (Singelis, 1994), COS individualism and collectivism scores (Triandis &
Gelfand, 1998), AHS holism scores (Choi et al., 2007) was conducted to identify if these cultural
measures contributed to the model predicting overall Pl and learning rates. Collectively, these scores
contributed 8.3% (Adjusted R? = .083) of variation for overall Pl, with SCS independence scores
observed to be a significant predictor for the model (B = —.244; p =.026). However, the regression
model was not significant (p = .079). Similarly, the regression model for learning rates with the SCS,

COS, and AHS scores as predictor variables was not significant (p = .350).
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5.4 Discussion

As part of the overarching aim of this thesis, the present study examines the unitisation
component of VPL using the multilevel cultural framework. The use of the SLT to examine the
unitisation process differs from the Glass (1969) pattern discrimination task as it evaluates
participants' abilities to perceive and integrate separate events into perceptual wholes. Instead of
learning to discriminate global patterns embedded in noise, participants learned to integrate the
underlying probabilities of single events presented sequentially to inform their predictions for an
upcoming stimulus. The use of the SLT adds novelty to the investigation in the present thesis as it
represents a task that incorporates both spatial contexts and temporal sequences. Examining these
processes within a cultural context contributes important insights into how people from different
backgrounds integrate complex event structures and detect regularities in the environment despite

the GPE (Liang et al., 2020; Powers et al., 2016; Wang et al., 2017).

At the macro group level, it was hypothesised that people from collectivistic cultures would
exhibit better task performance due to their increased tendency for global and holistic processing
compared to people from individualistic cultures (Koo et al., 2018). At the micro individual level,
those with interdependent self-construal (SCS; Singelis, 1994) and collectivistic cultural orientations
(COS; Triandis & Gelfand, 1998) were also predicted to exhibit faster learning trajectories than those
with independent self-construal and individualistic cultural orientations. Other sociodemographic
variables such as ethnicity, living arrangements, education, and holistic thinking styles (AHS; Choi et
al., 2007) were also examined to assess their influence on VPL. Of these, only one hypothesis was
accepted, that is, micro level variations in independent and interdependent self-construals were

associated with differences in task performance.

Generally, although there was a decay in RTs following training, there were no group
differences at the macro and micro levels. RTs are an important behavioural index that can reflect

processing differences; however, RTs do not always correlate with accuracy performance
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(Danielmeier & Ullsperger, 2011). Therefore, the comparable RTs between the different cultural
groups suggest that the differences in Pl could be attributed to an underlying variation in
participants’ unitisation abilities rather than processing speed differences. Furthermore, task
performance could not be attributed to holistic thinking, demographic variables, or individual

learning strategies, thus providing further support for the micro level self-construal influence on VPL.

Holistic and global processing tendencies have been associated with interdependent self-
construal (Koo et al., 2018; Masuda et al., 2008; Na et al., 2020; Nisbett et al., 2001; Oyserman et al.,
2002; Oyserman & Lee, 2008; Senzaki et al., 2014; Yu et al., 2021). Holistic tendencies are proposed
to support the learning of the complex event sequences in the SLT due to differences in loci of
attention towards the ‘big picture’ compared to its individual parts. On this basis, the
interdependent participants may have unitised the probabilistic pattern of seemingly distinct events
early in training due to their holistic processing tendencies. Indeed, there was a divergence in
performance between those with independent and interdependent self-construal despite the GPE.
Furthermore, independent self-construal was linked to slower learning rates and was predictive of
poorer performance on the SLT. Interestingly, besides locus of attention, the linear versus cyclical
change perception mechanisms of holistic thinking could also explain the differences in task
performance (Choi et al., 2007; Koo et al., 2018). A cyclical view relates to an expectation of
fluctuations in interacting events, while a linear view assumes a consistent trajectory of events that
do not deviate over time (Ji et al., 2001; Lu & Xie, 2019; Votruba & Kwan, 2018; Yama & Zakaria,
2019). Therefore, the cyclical view, typically preferred by collectivists and interdependent
individuals, could support the VPL of complex event structures. In contrast, those with linear change
perceptions may inherently expect stable patterns when predicting future events, thus explaining
the slower learning trajectories. However, the influence of these thinking styles on VPL is speculative

as the AHS did not predict learning rates or overall PI.
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The inconsistency of behavioural findings when culture is differentially defined (micro versus
macro level) suggests the need for further examining the complex interaction of cultural processes
implicated during VPL. For instance, unlike the SCS, the COS and AHS scores were not predictive of
overall performance or learning rates in the SLT. Indeed, despite the correlations between the COS
and SCS subscales, which suggest some degree of overlap between both measures, the cultural
constructs assessed by the COS and AHS could be insufficient for explaining performance differences
due to the measurement limitations discussed in Chapter 2. Similarly, although the Western
individualistic group were generally more independent, there was a lack of association between the
SCS self-construals and the individualistic and collectivistic cultural groups. Generally, the lack of
significant findings suggests that experimental settings may be insufficient for replicating real-world
learning conditions in different cultures (Magid et al., 2017). Nonetheless, the medium effect sizes in
task performance between those with independent and interdependent self-construals should not
be neglected as this would discount potentially important cultural findings (Kitayama et al., 2019; Na
et al., 2020; Tanaka, 2020). It is thus essential to consider alternative sociocultural variables

accounting for the differences in performance on the SLT.

The present study, which was administered online, allowed for the recruitment of a more
representative sample beyond the student population sampled in the other studies in this thesis.
The sample thereby increases the generalisability of findings. However, cultural shifts may also
contribute to a more homogenous sample when participants from different nations are grouped
under Hofstede’s (2017) individualistic and collectivistic cultural umbrella. Consequently, these shifts
may introduce sampling errors (i.e., representativeness) that limit the attribution of culture as a
moderating factor in observed psychological differences (Boer et al., 2018; Field et al., 2021). As
demonstrated in the present study, independent and interdependent micro level attributes were
better predictors of VPL trajectories in the SLT than macro level attributes (individualism-
collectivism) that were better predictors of VPL in the Glass (1969) pattern discrimination task. These

findings indicate a complex interaction of sociocultural variables that manifest under varying
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contexts and task conditions. Indeed, social orientations and cognitive styles could change following
sociopolitical upheavals resulting from differential pathogen exposure (Fincher et al., 2008; Rotella
et al., 2021; Thomson et al., 2018), socioeconomic disparities (Grossmann & Varnum, 2015),
modernisation (Hamamura et al., 2021; Hamamura, 2012), or shifts in learning systems (Chang et al.,
2011). Once again, it is evident that advancing research using a dynamic multilevel cultural
framework is important to better capture the complex interactions of sociocultural variables that

inform cognition and behaviour under varying contexts and situations (Kwon et al., 2021).

Research on the multilevel influence of culture on the unitisation mechanism of VPL could
establish an important foundation of knowledge that considers the various cultural constructs and
determinants that differentiates individuals and societies. These findings could then translate into
more inclusive training programmes that require sequential and ordered execution such as
linguistics, reading, musical ability, and sports activities (Polat, 2009; Shin & Ivry, 2002; Smyth &
Naveh-Benjamin, 2018; Wang et al., 2017). Indeed, examining both temporal and spatial modalities
using the SLT could reveal the learning process which occurs when people from different cultural
backgrounds integrate information into superordinate concepts or how they meaningfully integrate
complex event structures (Liang et al., 2020; Powers et al., 2016; Wang et al., 2017). Notably, to
provide further evidence of these behavioural observations (or the lack of it), it would be beneficial

to supplement research findings in this domain with neurobiological evidence (Kwon et al., 2021).

Consistent with the micro level differences observed in the present study, neural activations
in specific brain regions may depend on the cultural values held at the individual level (Hedden et al.,
2008). Reduced cortical volume in the orbitofrontal cortex was linked to interdependent tendencies
whereby individuals holding interdependent self-construal exhibited a greater attunement towards
surrounding information and a reduced self-interest in pursuing goals (Kitayama et al., 2017).
Interestingly, this study also found that self-interest was lowered automatically for those holding

interdependent self-construal, suggesting that the act of reducing self-interest was an implicit
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disposition. These findings demonstrate that cultural values can manifest in neural functions,
behaviours, and self-representations. Within the context of unitisation, Liang et al. (2020) also
observed neural changes in the posterior ventral visual stream and perirhinal cortex in response to
learning. These changes were associated with more rapid processing of familiar features in
multifeatured conjunctions. Collectively, neuroscientific methods could be helpful for corroborating

cross-cultural evidence of how people learn to identify spatial and temporal regularities.

There is little work exploring the explicit role of VPL in the acquisition of higher-level
expertise and skills in the context of culture. Therefore, cross-cultural research in the unitisation
domain of VPL presents opportunities for expanding knowledge in this field using more advanced
methodologies or neuroscientific methods. Indeed, learning is often isolated into perceptual,
attentional, or procedural components, which results in the neglect of potentially critical links
between the three divisions (Goldstone, 1998, 2000). Research on unitisation is thus crucial as
perceptual learning can influence behaviour by shaping early information processing mechanisms as
well as subsequent cognitive and procedural processes. Specifically, VPL enables one to overcome
inherent limitations and acquire expertise by forming meaningful configurations from a complex set
of features (Chase & Simon, 1973; Pevtzow & Goldstone, 2019; Smyth & Naveh-Benjamin,

2018). Accordingly, research in this domain has real-world applications as it represents an analogue
for the proceduralisation of a task whereby practice induces a more economical and efficient

sequence of responses and actions.

5.5 Chapter Summary

Although further research is needed to strengthen the overall evidence, the attribution of
independent and interdependent self-construals on learning in the SLT has provided novel evidence
for a micro level cultural influence on VPL despite the GPE. Notably, as discussed in Section 5.1, this
chapter extends the cross-cultural investigation on VPL by examining the unitisation mechanism. As

such, the SLT, which incorporates both temporal and spatial modalities, has contributed further
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novelty to the investigation. However, the inconsistency in findings for cultural groups defined at the
macro and micro levels suggest the need for further research in this domain. The rise of more
globalised communities in line with widespread immigration and technological advances has made it
increasingly challenging to define culture while accounting for key cultural features that evolve as
people navigate through the new social realms (Kitayama et al., 2009; Schaller & Muthukrishna,
2021; Sheetal & Savani, 2021; Votruba & Kwan, 2018; Wang et al., 2017; Wang & Brockmeier, 2002).
It is thus increasingly pertinent to adopt a dynamic multilevel cultural framework to reflect the
evolution of culture and how it operates differentially within varying cognitive and task domains. To
this end, future studies examining the unitisation component from a cross-cultural perspective could
examine alternative cultural characteristics and employ neuroscientific methods to provide more
robust evidence of cultural influences on VPL (Kwon et al., 2021). Further research in this area is
necessary as the outcomes could reveal the prevailing influence of culture on VPL within different
task domains. These findings could subsequently inform real-world training paradigms that involve
detecting and integrating spatial and temporal regularities (Polat, 2009; Shin & Ivry, 2002; Smyth &

Naveh-Benjamin, 2018; Wang et al., 2017).
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Chapter 6: Towards a Cultural Neuroscience Perspective — Exploring an EEG Study Design for

Examining Cultural Differences in VPL

As discussed in Chapter 5, neuroscientific methods could reveal the neurobiological
underpinnings of culture (see Section 5.4), especially when behavioural differences are inconsistent
or absent (Ng et al., 2010; Sasaki & Kim, 2017). Indeed, cultural influences on behaviour and
cognition have a biological basis that can manifest in psychophysical and neuroscientific measures
(Kim & Sasaki, 2014; Kitayama et al., 2019; Sasaki & Kim, 2017). Therefore, this chapter aims to
explore and develop an EEG study for examining cultural differences in the temporal dynamics of
global shape processing during VPL. The chapter begins with a recap of the literature on the early or
late processing differences identified under varying task conditions (see Section 1.3.2). Next, the
importance of systematic task selection is discussed in the context of analytic-holistic thinking and
the GPE (Alotaibi et al., 2014; Mills & Dodd, 2014; Navon, 1981; Rezvani et al., 2020). Three pilot
studies were then conducted as a preliminary exploration into the design of an EEG study. The Glass
(1969) pattern discrimination task parameters were adapted to ensure that its design aligns with the
aim of the present chapter. Due to the interruptions to data collection (see COVID-19 Impact
Statement), the findings and outcomes of the pilot studies are reported and discussed at face value
to avoid broad generalisations. An overview of the insights and future directions derived from the

mini exploratory studies are presented at the end of this chapter.

6.1 Background

The application of neuroscientific techniques such as EEG has provided evidence of neural
plasticity culminating from exposure to cultural systems and experiences (Han et al., 2013; Kitayama
& Park, 2014; Kitayama & Uskul, 2011). As mentioned in Chapter 1 (see Section 1.3.2), the P1 ERP
component, which peaks at 70 — 120 ms after stimulus presentation, is associated with attentional
processes as the magnitude of P1 is larger for attended rather than unattended information (Luck et

al., 2000). In cross-cultural research, differences in the magnitude of P1 when Asians and Westerners
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perceive global or local features indicates an underlying difference in attention modulation (e.g.,
Han et al., 2000; Lao et al., 2013; Lin et al., 2008; Lin & Han, 2009). Furthermore, the occurrence of
the P1 coincides with the distinct temporal component reported by Mayhew et al. (2012) at 105 +
16.1 ms poststimulus presentation following training in the Glass (1969) pattern discrimination task.
The early latency identified in Mayhew et al.’s (2012) study was linked to global form processing and
integration (Ostwald et al., 2008). Collectively, the cross-cultural evidence observed for the P1 and
the neural findings observed by Mayhew et al. (2012) indicates an important opportunity for
investigating how cultural differences in global perceptual biases can inform early sensory

processing changes in the discrimination task following VPL.

The second temporal component reported by Mayhew et al. (2012) at 242 + 19.2 ms
poststimulus presentation has been related to perceptual classification judgements (Das et al., 2010;
Ohla et al., 2005; Tanskanen et al., 2008). Notably, the later latencies around the second component
identified by Mayhew et al. (2012) coincide with the P3 component, which reflects task-relevant
processing (Risto, 2018). Indeed, the P3 ERP component reflects cultural differences in later stages
of perceptual processing (Goto et al., 2010; Lewis et al., 2008; Na & Kitayama, 2011). For example,
Lewis et al. (2008) reported that Asian Americans exhibited enhanced novelty P3 amplitudes for
perceptually discrepant events compared to European Americans, indicating that Asian Americans
were more sensitive to contextual information. Interestingly, the effects were also mediated by
interdependent self-construal, thereby suggesting an individual level influence on perceptual and
neural processes. Cumulatively, like the early component, the Glass (1969) pattern discrimination
task could also reveal if cultural influences at macro and micro levels can operate in later stages of

global form processing following VPL (Mayhew et al., 2012).

Further research in this domain could provide neurobiological indications of how cultural
differences impact the distribution of processing resources during VPL, particularly if there is

inconsistent behavioural evidence. To this end, appropriate task selection and experimental designs
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are especially crucial for reconciling the inconsistent and contradictory evidence from past research
(Dale & Arnell, 2014, 2015). Indeed, although it seems easy to make population comparisons using
the cultural modes of thought assumed to operate pervasively across different psychological
domains, researchers should continuously adapt or advance existing research methods (Cole &
Packer, 2019). Within a cross-cultural context, careful consideration of experimental methodologies
is especially pertinent due to the extraneous impact of cultural factors such as language, familiarity,

skills, and expertise that could affect task performance (Ueda et al., 2018).

Evidence for cultural differences in visual cognition has been inconsistent (e.g., Rayner et al.,
2009), especially across different measures (Hakim et al., 2017). For example, Hakim et al. (2017)
reported no cultural differences in the Navon task, which contradicts McKone et al.’s (2010) study
that observed a stronger global advantage amongst East Asians. Additionally, a replication of
Boduroglu et al.’s (2009) study revealed that native Chinese participants consistently outperformed
American participants in a colour change detection task that assesses global/local processing (Hakim
et al., 2017). These findings suggest an underlying mechanism supporting the global and local
advantage of native Chinese participants in this task (Dale & Arnell, 2014; Lewis et al., 2009).
Americans also outperformed Asian international students in the ‘expand’ condition that engages
global processing, again contradicting Boduroglu et al.’s (2009) findings that Westerners had a
greater tendency for local processing. Generally, the inconsistent evidence of cultural differences in
visual cognition suggests that behavioural manifestations are not always observed due to internal
(e.g., age, gender, culture) and external (e.g., nature of tasks and stimuli) factors (Lawrence et al.,
2020; Poirel et al., 2008; Rezvani et al., 2020). Appropriate experimental designs are thus needed to

better capture cultural influences on VPL processes.

In the context of the present thesis, stimuli and task parameters and the experimental
procedure need to be carefully designed to ensure that it can examine cross-cultural differences in

the early and late processing mechanisms of VPL. For example, employing stimuli that engages
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global processing could contribute important knowledge of the dominant influence of culture on
perceptual processing despite the GPE. Notably, the use of stimuli such as Navon figures revealed
that the global advantage described by the GPE could manifest in early perceptual mechanisms and
later identification processes (Flevaris et al., 2011; Mills & Dodd, 2014; Navon, 1977; Poirel et al.,
2008). Similarly, the Glass (1969) pattern discrimination task that compels participants to engage in
global processing could reveal the time course of early perceptual processes and later perceptual

judgments that vary across cultures.

To this end, varying the signal-to-noise ratios (SNRs) of the Glass (1969) pattern
discrimination task will allow an examination into the time course of VPL. Faster perceptual
processing and integration of the signal embedded within easy patterns (high SNR) would reveal the
fundamental difference in how people preferentially attend to global information. Indeed, more
cognitive resources are needed for participants to process visual features that contradict their
preferred processing styles (Goh et al., 2013; Hedden et al., 2008). Therefore, participants with
greater tendencies for holistic thinking should process the global features of the stimuli faster than

those with analytic thinking styles during initial perception, as reflected in early ERP components.

To examine the later processing mechanism underlying VPL, the design of the Glass (1969)
pattern discrimination task should further incorporate difficult (low SNR) stimuli with easy (high SNR)
ones. Priming participants to engage in global processing using the easy stimuli would lower the
detection thresholds for the difficult stimuli and facilitate learning transfer (Flevaris et al., 2011). This
top-down effect operating on perceptual sensitivity following priming could thus reveal how the GPE
induced by the Glass (1969) patterns can also operate on later perceptual processing (Flevaris et al.,
2011). Furthermore, resistance to priming (as reflected in slower VPL trajectories) would reveal trait-
like dispositional biases for local processing strategies. Clearly, cross-cultural experimental studies
should be carefully designed to align with research aims and address inconsistencies in previous

research (Alotaibi et al., 2014; Hakim et al., 2017). Importantly, incorporating neuroscientific
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methods such as EEG could supplement any behavioural findings and provide neural evidence of the

time course in which cultural differences may arise during VPL (see Chapter 3; Sasaki & Kim, 2017).

6.1.1 Aims of Study

This chapter presents a series of pilot experiments with varying task parameters to build an
EEG experiment that would reconcile the discourse surrounding the time course of VPL within a
cross-cultural context. Chapter 3 reported cultural differences in manifested behaviour following
VPL. Building on these findings, the use of EEG would provide further cross-cultural evidence of the
temporal dynamics of global shape processing during VPL. This chapter thus explores the feasibility
and design of the proposed EEG study. Experiment 1 aimed to identify if cultural differences in VPL
would manifest under conditions of greater perceptual uncertainty. The Glass (1969) pattern
discrimination task parameters were adapted to include only difficult stimuli with low SNRs. It was
hypothesised that although greater cognitive resources are needed for participants to learn how to
differentiate difficult patterns, cultural differences in global or holistic processing tendencies would
support VPL of the difficult stimuli. Experiment 2, built upon the outcomes of Experiment 1, aimed to
establish the occurrence of VPL when three stimuli conditions (easy, difficult, and control) were
combined during training. It was estimated that the easy condition could prime global processing
and induce learning transfer to the difficult stimuli. A control condition, which had stimuli with no
signal, was included as a baseline comparison for keypresses between the stimuli conditions. Finally,
Experiment 3 employed the experimental paradigm of Experiment 2 while EEG recordings were

obtained. The method, results, and discussion of each experiment is discussed below.

6.2 Experiment1

Chapter 3 presented evidence of the prevailing influence of culture on VPL despite the GPE
when participants learned to discriminate global patterns under relatively easy task conditions.
Therefore, the aim of Experiment 1 was to identify if cultural differences in VPL would still manifest

under conditions of greater perceptual uncertainty. The Glass (1969) pattern discrimination task
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parameters were adapted to include only difficult stimuli with low SNRs. It was hypothesised that
although greater cognitive resources are needed for participants to learn how to differentiate the
global forms, cultural differences in global or holistic processing tendencies would support VPL
despite the increased task difficulty. The outcomes of this pilot study would also inform the design of

an EEG study for investigating cross-cultural differences in the time course of VPL.

6.2.1 Method

Participants. Thirty participants were recruited for Experiment 1, and the sample had a
mean age of 21.13 + 4.04 (3 males, 27 females). Twenty-two participants in this study had British or
European (EU) nationalities, while eight were international students from countries such as Malaysia
(n =6), India (n = 1), and Indonesia (n = 1). The international sample had been in the UK for a mean
duration of 1.45 years. One EU participant from Portugal had been in the UK for 1.5 years, while the
three British nationals who were not born in the UK were from Zimbabwe (in the UK for 15 years),
Bangladesh (in the UK for 19.5 years), and Pakistan (in the UK for nine years since age 10). Non-
native English speakers (n = 7) have spoken English for 11.57 + 5.65 years and rated their confidence
in the language at 3.85 + .690 out of a score of 5. Due to a disruption in data collection (see Covid-19
Impact Statement), there was an unequal sample size for the individualistic and collectivistic
experimental groups. Therefore, eight participants were randomly selected from the individualistic

(UK/EU) sample to match the collectivistic sample.

Design. Experiment 1 employed a between-subjects design comparing participants from
individualistic and collectivistic cultural backgrounds. Participants from the UK and Europe were
categorised as the individualistic group, while those from countries such as Malaysia, Indonesia, and
India were categorised as the collectivistic group. Response accuracy and RTs were recorded to
enable a comparison of VPL differences between the individualistic and collectivistic groups. The
Glass (1969) patterns generated for this experiment were more difficult than those employed in

Chapters 3 and 4 as these had low SNRs (23-25%). Taken together, the independent variables in the
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present study are cultural backgrounds as defined by individualism and collectivism at the macro
level, as well as social orientations (independence-interdependence; Singelis, 1994), cultural
orientations (individualism-collectivism; Triandis & Gelfand, 1998) and analytic-holistic distinctions
(Choi et al., 2007; Kitayama et al., 2003) at the individual level. The dependent variables are

performance accuracy and RTs of correct responses.

Materials. The self-report measures described in the earlier chapters were also used for the
experiments in the present chapter; this included the demographics questionnaire, Singelis’ (1994)
SCS, Triandis and Gelfand’s (1998) COS, and Choi et al.’s (2007) AHS (see Appendix D to G). The
experiment was carried out on a 22” Lenovo ThinVision coloured monitor with a 1920 x 1080-pixels

resolution and a frame refresh rate of 60Hz.

Framed-Line Test (FLT). The FLT was an additional measure employed in Experiment 1 to
assess dispositional tendency for global or local processing based on ability to estimate line lengths
embedded within frames of variable sizes (Kitayama et al., 2003). The response format of the FLT
(participant-generated drawing) compared to the Likert-type responses to the cultural
guestionnaires (SCS, COS, and AHS) allows researchers to assess the behavioural profiles of
participants (Na et al., 2019). Performance on the FLT could thus be used to associate analytic-
holistic cognitive styles to performance in the Glass (1969) pattern discrimination task. The FLT,
adapted from Hakim et al.'s (2016) task protocol, was coded in Python version 3.7 and implemented

with PsychoPy toolbox version 3.2.4 (Peirce et al., 2019).

Figure 6.1 shows the sequence of events for the FLT. The FLT consisted of 12 trials — six
absolute trials and six relative trials. Participants were shown two squares in each trial: the first
square contained a vertical line drawn within it from the top centre, and the second square without
a line was either bigger, smaller, or the same size as the first square. The squares and lines were
drawn in black against a white background. For the absolute condition, participants were instructed

to reproduce a line in the second square which had the same absolute (exact) length as the line from



the first square. For the relative condition, participants were asked to reproduce a line with the

same relative (proportional) length as the line in the first square. The absolute and relative

conditions were presented in a randomised order.

Figure 6.1

Sequence of Events for the Framed-Line Test

Task Instructions ======

pre—.

Remains on screen until
‘spacebar’ key is pressed.

First Trial Onset
(Square + Line)

3000ms

Line Mask ======

500ms

Behavioural

ResSponse wmmmm=

(Square only)

Blank Screen

Next Trial Onset
(Square + Line)

] Remains on screen until
‘return’ key is pressed

500ms

3000ms
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Note. The FLT was presented to participants to estimate analytic or holistic tendencies through their

performance on absolute and relative trials. Participants with greater error scores on the absolute

condition (estimating exact line lengths within varying contexts) were proposed to possess more

holistic thinking styles, while participants with greater error scores on the relative condition

(estimating line lengths proportional to the context) are more analytic (Kitayama et al., 2003).

Participants were first presented with illustrated examples of the stimuli to ensure that they

fully understood the response requirements (see Appendix AA). The ‘up’ and ‘down’ arrow keys on

the keyboard increased and decreased the line length by one pixel, while the ‘right’ and ‘left’ arrow
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keys increased and decreased the length by ten pixels. Participants pressed the ‘space’ bar to begin
the task. Six trials of each task (absolute and relative) were presented in a randomised order. For
each trial, a square with a line first appeared on the screen for 3000 ms, followed by a distractor
mask composed of arbitrary lines that lasted for 500 ms. The second square then appeared in one of
the four quadrants of the screen. This design was an adaptation of the original study where
participants moved across the room between stimuli presentations to ensure iconic memory did not
impact performance (Kitayama et al., 2003). The size of the second square was determined based on

the dimensions of the previous square and line combination (see Appendix BB).

When the second square appeared, participants adjusted the line length drawn from the top
centre of the square. Once satisfied with their estimations, participants pressed on the ‘return’ key
to move on to the subsequent trial. A blank screen was presented for 500 ms before the next trial
onset. Participants’ responses were recorded, and the absolute and relative errors were calculated.
Performance was assessed based on two outcomes: differences in relative judgment errors and
differences in absolute judgment errors. Participants with greater error scores on the absolute task
(estimating exact line lengths within varying contexts) were proposed to possess more holistic
thinking styles. In comparison, participants with greater error scores on the relative task (estimating
line lengths proportional to the varying context) are more analytic (Kitayama et al., 2003).

Glass (1969) Pattern Discrimination Task. MATLAB 2015a (The MathWorks Inc., 2015) was
used in conjunction with Psychtoolbox-3 (Brainard, 1997; Kleiner et al., 2007; Pelli, 1997) for
stimulus generation and presentation. Stimuli features such as the dot dipoles and pattern rotations
were consistent with those generated for Chapter 3 (see Section 3.2.3). The only change in task
parameter for the present study was the lower SNR (23-25% signal) compared to the easy patterns
(35-40% signal) used in Chapters 3 and 4 (see Figure 6.2). Participants were tasked with
discriminating the radial and concentric patterns across several runs to investigate the perceptual
learning processes that occur through training in difficult task conditions. All experiments were

carried out in a dark room, and the viewing distance was maintained at 47 cm.
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Figure 6.2

Different Signal Levels of Radial and Concentric Glass (1969) Patterns

Control Condition Difficult Condition Easy Condition
(0% signal) (23% signal) (40% signal)

Note. The control condition stimuli do not contain any signal as these were used as baseline
comparisons of random guesses. The difficult condition stimuli had 23% signal, while easy condition
stimuli had 40% signal. The top row represents radial patterns, while bottom row represents

concentric patterns. The stimuli are presented in inverted contrast for illustration purposes only.

Participants completed four experimental runs. Each run had 108 trials randomised between
radial and concentric patterns. The order of trials was matched for history; each trial was equally
likely to be preceded by any of the conditions. Two initial trials were added in each run to balance
the history of the second trial; these were excluded in the final analysis. Figure 6.3 shows the
sequence of events for Experiment 1. Each trial consisted of a 200 ms stimulus presentation
followed by a 1300 ms fixation dot representing a response cue. Participants made a response on
key ‘1’ for radial patterns and key ‘2’ for concentric patterns. A 500 ms fixation dot was displayed on

the screen before the next trial onset. Each run began and ended with a 3000 ms fixation.
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Figure 6.3

Glass (1969) Pattern Discrimination Task Event Sequence for Experiment 1 (Chapter 5)

Remains on screen until

Ready to Start =—===-- Ready to Start pacabar’ key |5 pressed,
Initial Fixation —====== . 3000ms
First Stimulus Onset ====== » 200ms
Response Cue ====== - 1300ms
Pre-Stimulus Fixation ====== - 500ms
Next Stimulus Onset ====== # 200ms

Procedure. All participants completed an initial familiarisation phase to familiarise
themselves with the task procedure and sequence of events (see Figure 3.4). Following this,
participants completed the Glass (1969) pattern discrimination task while response accuracy and RTs
were recorded. The demographics questionnaire and the cultural measures (COS, SCS, AHS, and FLT)

were subsequently completed and followed by a debrief.

Data Analysis. IBM SPSS Statistic version 25.0 (IBM Corp., 2017) was used to analyse the
data. As mentioned earlier, eight participants were randomly selected from the individualistic
sample to match the sample size of the collectivistic group. The data which was normally distributed
were analysed in two steps. The first analysis was a descriptive and reliability analysis of responses
on the cultural measures (SCS, COS, AHS, and FLT). Due to the small sample and the lack of power,

the outcomes of the first analysis revealed unequal sample sizes when groups were categorised
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based on the cultural measures. Therefore, individual level analyses were not conducted for
Experiment 1. A second analysis was conducted to identify individualistic and collectivistic macro

group level differences in response accuracy and RTs.

Ethical Considerations. Ethical approval was granted by Birmingham City University’s
research ethics committee (Reference: Chua #011.18; see Appendix H1). The ethical considerations

of Experiment 1 were consistent with those Chapter 3 (see Section 3.2.6).

6.2.2 Results

The following analysis presents data of 16 participants — eight of whom were from
collectivistic backgrounds and eight who were randomly selected from a sample of 22 participants

from individualistic backgrounds.

COS. Cronbach’s reliabilities for the overall scale was .827. Specifically, a values for the Hl,
VI, HC, or VC dimensions were .625, .696, .764, and .654, respectively. Three participants were
categorised into the HI dimension, ten on the HC dimension, and two on the VC dimension. Separate
individualism and collectivism scores were also calculated, and the a values for these dimensions
were .723 and .792, respectively. The resulting scores revealed that two participants were

categorised as individualistic, 13 were collectivistic, and one could not be categorised.

SCS. Reliability for the overall scale was .737, while the 12 independent and 12
interdependent items had a values of .587 and .687, respectively. Five participants had independent
self-construal, and ten had interdependent self-construal according to the SCS scores. One
participant could not be classified due to equal scores on both subscales. Specifically, the
individualistic group had three participants with independent self-construal and five with
interdependent self-construal. The collectivistic group had two participants with independent self-

construal, five with interdependent self-construal, and one who could not be classified.
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AHS. Reliability for the overall scale was .719. Alpha values for the four dimensions of
causality, change perception, contradiction, and attention were .449, .602, .398, and .652,
respectively. The reliability for the attitudes towards contradiction dimension was in an

unacceptable range.

FLT. Each participant had six relative error and six absolute error scores in this task. The
mean absolute and relative error scores were calculated for each participant by averaging the six
trial scores in each condition. Additionally, to standardise the error scores, a ratio was calculated by
dividing the error score by the correct line length of each trial. The individualistic group had greater
absolute error scores (M = 23.98; SD = 14.53) and lower relative errors (M = 4.06; SD = 41.27). These
findings indicate that they had more holistic thinking styles, which is consistent with the GPE but
contradicting previous cross-cultural research (Choi et al., 2007; Kitayama et al., 2003). In contrast,
the collectivistic group exhibited similar patterns of error in both the absolute (M = 6.96; SD = 39.66)
and relative (M = 8.98; SD = 21.67) tasks. However, between and within-group differences in
absolute and relative error scores were not significant. The implications of these findings will be

discussed further in the General Discussion (see Section 6.5).

Generally, the unequal and small sample sizes informed by the cultural measures in the
present study (COS, SCS, AHS, and FLT) indicate that individual level analyses could not be conducted

due to violations of assumptions and lack of power.

Response Accuracy. A 2 (Culture: Individualistic or Collectivistic) x 4 (Run: 1, 2, 3, and 4)
mixed-measures ANOVA was first carried out on response accuracy data of individualistic and
collectivistic participants. The interaction between cultural backgrounds and runs were not
significant (p =.271). As seen in Figure 6.4(A), there were no significant differences between the runs
(p =.422) or between the cultural groups (p = .106), thereby indicating that participants did not

improve in the task following training, and this was consistent for both groups.



Figure 6.4

Task Performance for Individualistic and Collectivistic Groups Across Runs
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Note. There were no group differences in response accuracy (A) and RTs (B) between those from

individualistic and collectivistic backgrounds. The error bars represent standard errors.

Reaction Times. A 2 (Culture: Individualistic or Collectivistic) x 4 (Run: 1, 2, 3, and 4) mixed-

measures ANOVA was also conducted for the RTs. There were no significant interactions between

the experimental groups and runs (p = .621). As seen in Figure 6.4(B), there were no observed

differences between cultural groups (p = .693) or runs (p = .487).

6.2.3 Discussion

Experiment 1 was a pilot study that followed the experimental design of Chapter 3, whereby

task performance was compared between participants of different cultural backgrounds

(individualistic versus collectivistic). However, the task presented in this study employed difficult

stimuli with lower SNRs. Since the collectivistic group had previously been identified to perform

better than the individualistic group in the Glass (1969) pattern discrimination task, this experiment

aimed to identify if the cultural differences in VPL would still manifest under conditions of greater

perceptual uncertainty. The results of this study could be used to inform the design of the EEG study
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as previous research has often reported conflicting behavioural and neural outcomes (e.g., Ng et al.,
2010). However, the accuracy and RT findings indicate an absence of cultural differences in the
learning of difficult patterns with low SNRs. Contrary to the findings in Chapter 3, the collectivistic
group did not perform better than the individualistic group, and task performance remained at a

chance level across all runs as the experiment progressed.

It is estimated that learning did not occur in the present study due to the increased task
difficulty. Consistent with the RHT and GPE, VPL could occur in a top-down fashion whereby learning
of easy task conditions supports learning in difficult tasks (Ahissar & Hochstein, 1997, 2002, 2004;
Ding et al., 2003). For example, eureka or priming presentations whereby easy stimuli are first
administered before more complex stimuli are presented have been found to facilitate learning of
the difficult stimuli through generalisations (Ahissar & Hochstein, 1997; Dale & Arnell, 2014).
Learning transfer occurs considerably faster within these easy task conditions due to modifications
within the generalised receptive fields of higher cortical areas. In contrast, difficult task conditions
demand more learning specificity both in terms of spatial position and orientation, which has been
related to changes in the localised receptive fields of lower cortical regions. Therefore, if training is
administered with only difficult stimuli in the absence of feedback, there may be a lack of
behavioural improvements due to the specificity of learning. On this basis, the outcomes of
Experiment 1 suggest a need to incorporate easy stimuli with difficult ones to enable learningin a
top-down fashion. Training with easy conditions could decrease the learning thresholds to inform
learning in more difficult conditions as supported by previous priming studies (e.g., Dale & Arnell,

2014; Flevaris et al., 2011) and the RHT (Ahissar & Hochstein, 1997, 2002, 2004; Ding et al., 2003).

6.3 Experiment 2

Experiment 2 (the EEG behavioural pilot), built upon the outcomes of Experiment 1, was
aimed at establishing the occurrence of VPL when three stimuli conditions (easy, difficult, and

control) for the discrimination task were combined during training. It was estimated that the easy
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condition could prime participants to perceive global patterns and induce learning transfer for the
difficult stimuli. The control stimuli condition with no signal was also included as a baseline

comparison reflecting random guesses.

6.3.1 Method

Participants. Eleven participants with a mean age of 20.73 £ 3.58 (six females) were
recruited for the EEG behavioural pilot study. All participants were British nationals (6 White, 5

Asians) and native English speakers.

Design. The experiment employed a within-subjects desigh comparing task performance on
three different stimuli conditions: easy (high SNRs), difficult (low SNRs), and a control condition (no
signal). The control condition served as catch trials and provided a baseline marker of comparison
for participants’ keypresses. Response accuracy and RTs of correct pattern discriminations were
recorded for each participant to compare VPL differences between the stimuli conditions. Taken
together, the independent variable in the present study was the stimuli conditions (easy, difficult,

control), while the dependent variables are performance accuracy and RTs of correct responses.

Materials. The self-report measures described in Experiment 1 was also used for the present
study. This included the demographics questionnaire, Singelis’ (1994) SCS, Triandis and Gelfand’s
(1998) COS, Choi et al.’s (2007) AHS, and the FLT (see Appendix D to G). The experiment was carried
out on a 22” Lenovo ThinVision coloured monitor with a 1920 x 1080-pixels resolution and a frame

refresh rate of 60Hz. All experiments were carried out in a dark room at a viewing distance of 47 cm.

Glass (1969) Pattern Discrimination Task. MATLAB 2015a (The MathWorks Inc., 2015) was
used in conjunction with Psychtoolbox-3 (Brainard, 1997; Kleiner et al., 2007; Pelli, 1997) for
stimulus generation and presentation. In addition to the difficult stimuli (23-25% signal) employed in
Experiment 1, the present study also integrated an easy (35-40% signal) and control (0% signal or
100% noise) condition. Each experimental run consisted of 48 trials per stimuli condition (see Figure

6.2). The order of trials was matched for history, and two initial trials were added in each run
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(excluded from analysis). Collectively, participants completed 864 trials carried out over six
experimental runs (144 trials per run). As this experiment was a behavioural pilot for an EEG study,
the number of trials was increased to ensure sufficient data quality and statistical power (Boudewyn
et al., 2018). Participants were tasked with discriminating the radial and concentric patterns across
several runs to investigate the perceptual learning processes that occur through training under
varying task conditions. Each trial consisted of a 200 ms stimulus presentation, followed by a 1300

ms fixation dot representing a response cue (see

Figure 6.5). Participants made a response on key ‘1’ for radial patterns and key ‘2’ for
concentric patterns. A variable intertrial interval of 1200-1800 ms was displayed before the next trial

onset. Each run began and ended with a 3000 ms fixation.

Figure 6.5

Glass (1969) Pattern Discrimination Task Event Sequence for Experiment 2 and 3

Remains on screen until

Ready to Start ===m=m== Ready to Start ‘spacebar” key is pressed.
Initial Fixation =~ ====== = 3000ms
First Stimulus Onset ===-==- " 200ms
Response Cue ===m=== - 1300ms
1200 - 1800ms
Pre-Stimulus Fixation ====== - (Variable Intervals)

Next Stimulus Onset ====== S 200ms
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Procedure. All participants completed the initial familiarisation phase to familiarise
themselves with the task procedure and sequence of events (see Figure 3.4). Following this,
participants completed the Glass (1969) pattern discrimination task while response accuracy and RTs
were recorded. The demographics questionnaire and the cultural measures (COS, SCS, AHS, and FLT)

were subsequently completed and followed by a debrief.

Data Analysis. IBM SPSS Statistic for Windows, Version 25.0 (IBM Corp., 2017) was used to
analyse the data. The first analysis was a descriptive and reliability analysis of responses on the
cultural measures (SCS, COS, AHS, and FLT). The small sample and the poor reliabilities indicated that
the individual level data are not suitable for further analysis. The second analysis aimed to identify
response accuracy and RT differences between the easy and difficult stimuli conditions. Data for the
control condition (no signal stimuli) were also analysed to identify the participant’s pattern of
responses. Response accuracy in run 3 (Skewness = .996; SE = .661) and overall accuracy for the easy
condition (Skewness = .941; SE = .661) were slightly skewed and kurtotic but it does not differ

significantly from normality (Cramer & Howitt, 2011).

Ethical Considerations. Ethical approval was granted by Birmingham City University’s ethics
committee (Reference: Chua/1877/R(A)/2019/Mar/BLSS FAEC; see Appendix H4). Ethical

considerations for this behavioural pilot were consistent with Experiment 1 (see Section 6.2.1).

6.3.2 Results

Building on the previous study, Experiment 2 employed a combination of easy (high SNR)
and difficult (low SNR) stimuli, as well as an additional control condition whereby the stimuli had no
signal (100% noise). The stimuli in the control condition were included for random guess baseline
comparison purposes with the other signal conditions. It also served as catch trials to identify if
participants were making unbiased responses (e.g., making an equal number of responses using both
keys). This experiment was informed by Experiment 1, which did not find VPL when only difficult

stimuli were administered to participants. Importantly, the present study was implemented as an
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EEG behavioural pilot to establish the occurrence of VPL for the experimental paradigm involving

three stimuli conditions (easy, difficult, and control).

COS. Cronbach’s reliability for the overall scale was .408. Specifically, a values for the Hl, VI,
HC, or VC dimensions were .680, .522, .513, and .158, respectively. Six participants were categorised
into the HI dimension, four on the HC dimension, and one on the VC dimension. The low alpha
reliabilities on the COS could be attributed to the small sample size. Therefore, participants’ scores

on the COS will not be used in subsequent analyses.

SCS. Alpha reliability for the overall scale was .665. Specifically, a values for the 12
independent and 12 interdependent items were .673 and .345, respectively. Five participants were

categorised as independent on the SCS, while six had interdependent self-construal.

AHS. Reliability for the overall scale was .684. Alpha values for the four dimensions of
causality, contradiction, change perception, and attention was .699, -.214, .866, and .674,
respectively. The respondents' mean score on this measure was 116.55 (SD = 10.80). However, the
negative reliability score on the contradiction scale violates reliability model assumptions. Therefore,

participants' holism scores were not used in subsequent analyses.

FLT. The mean absolute and relative scores and a standardised ratio of these scores were
calculated for each participant. The sample in the present study made greater relative errors (M =
26.12; SD = 30.28) than absolute errors (M = 16.08; SD = 41.67) in the task. A paired-samples t-test*
revealed the difference between both error scores were significant, t(10) = 2.42, p = .036. As the
present sample consisted of a British sample, these findings are consistent with research that
suggest a greater prevalence of analytic thinking amongst Westerners who may exhibit poorer
performance in estimating the proportion of line lengths in the relative task (Choi et al., 2007,

Kitayama et al., 2003).

4 A Wilcoxon signed-rank test (non-parametric equivalent to account for the small sample size) also showed a
significant difference (Z =-2.05, p = .041) between the relative and absolute task conditions.
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Response Accuracy. A 2 (Signal Level: Easy and Difficult) x 6 (Run: 1, 2, 3, 4, 5, and 6) within-
measures ANOVA was run to compare the response accuracy of all participants (n = 11). As seen in
Figure 6.6(A), there were no significant interactions between signal levels and response accuracy
across the six runs (p = .226). There were also no significant differences in accuracy between each
run (p = .261; see Appendix CC1). However, there was a significant difference between the signal
levels, F(1, 10) = 314.14, p < .001, n?, = .969, whereby response accuracy was greater for the easy
condition than the difficult condition. Therefore, as seen in Figure 6.6(B), a paired-samples t-test®
was carried out on overall response accuracy (sum accuracy across six runs), t(10) =3.72, p =

.004, d = .440. The effect size was small to medium.

Figure 6.6

Response Accuracy for Easy and Difficult Stimuli Conditions Across Runs
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Note. There were no differences across runs between both stimuli conditions (A). However, a

consolidation of the scores across the 6 runs revealed a significant difference between easy and

difficult conditions (B).

5 A Wilcoxon signed-rank test (non-parametric equivalent to account for the small sample size) also showed a
significant difference (Z=-2.71, p = .007) between the easy and difficult stimuli conditions.
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Reaction Times. A 2 (Signal Level: Easy and Difficult) x 6 (Run: 1, 2, 3, 4, 5, and 6) within-
measures ANOVA was run to compare RTs. There were no significant interactions (p = .069) or
differences between signal levels (p = .296) or runs (p = .501). There were also no differences in RTs
across runs for all participants (see Figure 6.7), suggesting that differences in RTs did not contribute

to the differences in performance for the easy and difficult stimuli conditions.

Figure 6.7

Reaction Times for Easy, Difficult, and Control Stimuli Condition Across Runs
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Note. The were no significant difference in RTs between all stimuli conditions. RTs of the control

condition was calculated as the average RT of all responses made with nonresponse trials excluded.

Control Condition. For the control condition consisting of no signal trials (288 trials in total),
a paired-samples t-test revealed that participants were significantly more likely to press on Key 1

compared to Key 2 throughout the experiment, t(10) = 3.49, p = .006 (see Table 6.1).
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Table 6.1

Key Presses in the Control (No Signal) Condition

95% Confidence Interval

Keys M (%) SD
Lower Bound Upper Bound
Missed 20.27 (7.04) 13.69 3.00 44.00
Key 1 169.09 (58.71) 32.97 114.00 226.00
Key 2 35.58 (34.12) 104.98 48.00 162.00

While the response bias for the control condition could be attributed to an increased
likelihood for participants to misidentify the patterns in the noise as radial patterns, participants
could also be biased to make a response on a particular key more frequently. This form of response
bias is typically reflected in faster RTs (Starns & Ma, 2018). Therefore, further analysis of the overall
RTs for the control trials was carried out to assess this keypress bias. The analysis revealed that there
were no significant differences (p = .144) in RTs between Key 1 (M = .568; SD = .144) and Key 2 (M =
.591; SD = .16). Furthermore, as seen in Figure 6.7, the RTs for the control trials were comparable to

the easy and difficult trial conditions across all six runs (p = .462).

Based on these findings, it could be implied that the participants were more inclined to
perceive radial patterns instead of concentric patterns, hence the greater occurrences of keypress 1.
RTs are expected to be quicker for nondecisions or movements consistent with the keypress bias
(Starns & Ma, 2018). However, as seen in the analyses here, participants had comparable RTs for all
stimuli conditions throughout the experiment. It is estimated that the short time window (200 ms),
in addition to the noisy backgrounds, increased the perceptual uncertainty that participants faced in

decision-making during VPL. Nevertheless, future studies should employ a counterbalancing



196

methodology for key presses to reduce order effects (Larcombe et al., 2017; Tan et al., 2019). For
instance, in the context of the present study, a randomised counterbalancing strategy could be used
for participants to first identify radial patterns on key 1 for half of the experiment (three runs) and

switch to key 2 for radial patterns for the other half (three runs).

6.3.3 Discussion

In summary, the behavioural findings reported in Experiment 2 suggest that the present
design could be implemented as an EEG study to examine cross-cultural differences in the time
course of learning. As VPL was not observed in Experiment 1 when only difficult stimuli were
administered, the addition of the easy stimuli condition in the present study was intended to
operate as an anchor for learning transfer (Ahissar & Hochstein, 1997). The administration of easy
stimuli with more difficult ones could act as a prime and facilitate learning through learning
generalisation in a top-down fashion (Dale & Arnell, 2014). Indeed, the present study revealed a
significant difference between easy and difficult stimuli conditions. Additionally, the results showed
that the control condition could be used as a baseline marker reflecting random guesses as
determined by keypresses. The observations from the control condition also a provided valuable
recommendation for improving future studies which could benefit from employing a
counterbalancing methodology. Taken together, the experimental paradigm assessed in Experiment

2 was an essential foundation for informing the EEG pilot study (Experiment 3).

6.4 Experiment 3
Experiment 3 employed the experimental paradigm of Experiment 2, while EEG responses

were measured to assess the time course of VPL.

6.4.1 Method

Participants. The EEG pilot experiment consisted of two British male participants aged 24
and 29. Both participants were native English speakers, right-handed, had normal or corrected-to-

normal vision, and reported no history of neurological disorders.
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Design. The experimental design of Experiment 2 was employed in the present study while
EEG signals were recorded. Within a cultural context, the independent variables of an EEG study
based on the design of Experiment 2 would be stimuli conditions (easy, difficult, control) and cultural
backgrounds (individualistic and collectivistic). The dependent variables would be behavioural
performance (response accuracy and RTs) and ERP signal differences between the stimuli conditions.
However, since the present study was piloted on only two participants, these independent and
dependent variables were not applicable. Instead, the pilot study reported here aimed to explore
the implementation of an EEG study. The outcomes could then be used to inform future studies that
compare the time course of VPL when people from different cultural groups learn to differentiate
global forms embedded in varying levels of noise.

Materials. Participants completed the demographics questionnaire, Singelis’ (1994) SCS,
Triandis and Gelfand’s (1998) COS, Choi et al.’s (2007) AHS (see Appendix D to G). The experiment
was carried out on a 22” Lenovo ThinVision coloured monitor with a 1920 x 1080-pixels resolution

and a frame refresh rate of 60Hz.

EEG Data Acquisition. The EEG pilot study was conducted using a BioSemi Active Two
system with 32 channels using silver chloride electrodes configured to the 10—20 electrode system

(http://www.biosemi.com; BioSemi B.V., Amsterdam, Netherlands). EEG data were recorded at 1024

Hz. Electrooculogram (EOG) was also recorded to monitor eye movements; electrodes were placed
above and below both eyes and at a position lateral to the left outer canthus. Two electrodes were
also placed on the left and right mastoids. Participants were asked to minimize blinking and

movements. Impedances during data collection were kept under 10 kQ. The detected stimulus and

response onsets were saved alongside the EEG signals.

Glass (1969) Pattern Discrimination Task. The task parameters used in the present study
were obtained from Experiment 2 (see Section 6.3.1). Similar to Experiment 2, MATLAB 2015a (The
MathWorks Inc., 2015) was used in conjunction with Psychtoolbox-3 (Brainard, 1997; Kleiner et al.,

2007; Pelli, 1997) to present the experiment, which consisted of six experimental runs. Each run


http://www.biosemi.com/

198

consisted of 144 trials made up of the three stimuli conditions - the easy (35-40% signal), difficult
(23-25%), and control (0% signal) conditions. Figure 6.5 shows the sequence of events for each trial.

All experiments were carried out in a dark room, and the viewing distance was maintained at 47 cm.

Procedure. Once informed consent was obtained, participants were prepared for EEG data
acquisition. All participants then completed the initial familiarisation phase to familiarise themselves
with the task procedure and sequence of events. Following this, participants completed the Glass
(1969) pattern discrimination task while response accuracy, RTs, and neural activity were recorded
for each participant as a measure of VPL across all runs. The demographics questionnaire, FLT, and

the cultural measures (COS, SCS, and AHS) were completed at the end of the study.

Data Analysis. MATLAB 2015a (The MathWorks Inc., 2015) and IBM SPSS Statistic for
Windows version 25.0 (IBM Corp., 2017) were used to process and analyse the behavioural data. For
the EEG data, pre-processing was first carried out on EEGLAB. ERPs were time-locked to the stimulus
onset and averaged within each trial type across a 4000ms epoch relative to a 200ms prestimulus
baseline. The raw data for each participant was then visually inspected for artefacts caused by signal
loss or blocking as well as for manual rejection. The EEG data was then bandpass filtered at 0.1-40
Hz offline, and trials were averaged across conditions. Independent Component Analysis (ICA) was
subsequently applied to remove ocular and motor artefacts and inform the selection of appropriate
components (Makeig et al., 2004; Knyazev, 2013). After data pre-processing, the EEG recordings
were matched to the behavioural data (correct responses). The behavioural and EEG data for each

stimulus condition (easy, difficult, control) is presented individually for participants below.

Ethical Considerations. Ethical approval was granted by Birmingham City University’s
research ethics committee (Reference: Chua/1877/R(A)/2019/Mar/BLSS FAEC; see Appendix H4). For
this EEG study, in addition to the ethical considerations of the previous studies using the Glass
(1969) pattern discrimination task (see Section 3.2.6), additional steps to minimise risks were

considered. The cap and electrodes are washed thoroughly after each participant. Clean towels,



199

hairbrushes, shampoo, and a hairdryer were also prepared in advance. Participants were briefed
thoroughly on the experimental set-up, the length of each experimental phase, and the task
instructions. For instance, participants were informed in advance of when and why the EEG cap and
electrodes would be placed on them before any contact to minimise discomfort. The researcher was

present throughout the experiment to monitor the session and answer any questions or concerns.

6.4.2 Results

This pilot aimed to test if the EEG methodology was appropriate for comparing cultural
differences in electrophysiological responses when discriminating between easy and difficult Glass
(1960) patterns. Furthermore, the EEG pilot was used to inform an analysis plan for cross-cultural
comparisons. However, it is important to note that these data are preliminary and cannot be

generalised due to the limited sample.

Behavioural data. The behavioural results of the participants (n = 2) are presented
individually. As seen in Figure 6.8(A), both participants exhibited consistent performance across
runs. Correct responses across six runs were thus consolidated to represent overall learning of easy
and difficult patterns. Figure 6.8(B) and 6.8(C) shows that Participant 1 (P1) had better performance

for both the easy and difficult task conditions compared to Participant 2 (P2).
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Figure 6.8

Response Accuracy for Participants Across Runs for Easy and Difficult Stimuli
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Note. The percentage accuracy scores in (A) were calculated based on the participant’s accuracy in
each stimuli condition (44 easy, 44 difficult, and 44 control stimuli). Participant 1 exhibited greater

response accuracy in both the easy and difficult stimuli conditions (B) compared to Participant 2 (C).

Consistent with the RT findings of Experiment 1 and 2, Figure 6.9 shows that the RTs of
participants were consistent across runs and for all stimuli conditions. Therefore, signal differences

in EEG component amplitudes cannot be attributed to RT differences.
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Figure 6.9

Reaction Times for Easy, Difficult, and Control Stimuli Condition Across Runs
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Note. There were no RT differences across conditions for both P1 and P2.

For the control condition (288 no signal trials in total), participants did not exhibit the
keypress bias identified in the previous experiment, as seen in Table 6.2. These findings suggest that

the participants completed the task as instructed.

Table 6.2

Key Presses in the Control (No Signal) Condition

Missed (%) Key 1 (%) Key 2 (%)
P1 8(2.78) 152 (52.78) 128 (44.44)
P2 9(3.13) 116 (40.28) 163 (56.60)

EEG data. Figure 6.10 presents the topographical components averaged from all channels
for the easy, difficult, and no signal conditions for P1 and P2. The topography of the difficult and
control conditions was comparable, suggesting that neural activity underlying the learning process of

stimuli with very low or no signal levels were similar.
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Figure 6.10

Topographical Components of the Easy, Difficult, and Control Conditions for Each Participant

Difficult Control
Easy Difficult Control

Note. The topography for the difficult and control conditions appeared comparable, suggesting that

activity underlying the processing of stimuli with low or no SNRs were similar.

Topographical mapping is an important precursor for source localisation to inform
subsequent analyses (Murray et al., 2008). Furthermore, Mayhew et al. (2012) reported changes in
the occipitotemporal and frontoparietal areas following learning in the Glass (1969) pattern
discrimination task. Therefore, the channel locations selected for the subsequent analyses in this
chapter were based on these topographical maps and previous research (Mayhew et al., 2012).
Based on the mapping in Figure 6.10 and Mayhew et al.'s (2012) study, channels surrounding the
occipital and frontoparietal areas were selected to generate participants' averaged electrical activity

for the easy, difficult, and control conditions, respectively (see Figure 6.11).
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Figure 6.11

Channels Selected for Generating Averaged Electrical Activity

Channel locations

Note. Channels surrounding the occipital and frontoparietal areas were selected for generating the

averaged electrical activity of participants for the easy, difficult, and control conditions.

Figure 6.12 shows the averaged electrical activity for both participants 200 ms before stimuli
presentation and 500 ms post stimuli presentation. The black arrows in Figure 6.12 (left) for P1 point
to two different peaks at approximately 90 ms and 200 ms, which interestingly, correspond with the
components reported by Mayhew et al. (2012) at 86-119 ms and 229-249 ms following VPL.

However, these findings were not observed in the data of P2.

Figure 6.12

Averaged ERPs Extracted for Each Participant
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Note. Channel locations selected were Fpl, Fp2, AF3, AF4, Fz, CP1, CP2, P3, P4, Pz, 01, 02, and Oz.
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6.4.3 Discussion

The present EEG pilot employs the experimental paradigm of Experiment 2, whereby
participants completed six experimental runs with three stimuli conditions (easy, difficult, and
control). Due to the limited sample size, differences in task performance or neural activity will not be
discussed as it would be speculative and inaccurate. Nevertheless, the EEG study is an important
avenue for further research within a cultural context. Behavioural improvements in the
discrimination task after training were associated with neural changes in early and later processes
(Mayhew et al., 2012). Therefore, despite the limitation relating to the lack of generalisability, this
experiment is an important foundation for an EEG study that reveals the time course of VPL when

people of different cultures learn to discriminate global patterns embedded in noisy backgrounds.

6.5 General Discussion

The experiments presented in this chapter aimed to build a foundation for an EEG study to
examine the neurobiological underpinnings of cultural differences in VPL. The use of EEG in with the
Glass (1969) pattern discrimination task that includes varying stimuli parameters (as defined by
SNRs), could provide cross-cultural evidence of the temporal dynamics of VPL during global form
processing. Experiment 1 utilised the experimental design of Chapter 3 with difficult patterns (low
SNRs). However, the results did not replicate the earlier findings as cultural differences in accuracy
and RTs were not observed. The outcomes of Experiment 1 indicated that VPL did not occur when
only difficult stimuli were used in training. The greater cognitive resources needed to differentiate
the global forms may have masked participants’ default global/local processing strategies.
Therefore, to assist in the VPL process, a priming design using easier task conditions was used to
facilitate the learning of more difficult stimuli through generalisation and learning transfer (Ahissar &

Hochstein, 1997, 2004; Dale & Arnell, 2014, 2015; Ding et al., 2003; Hochstein & Ahissar, 2002).

Both easy and difficult stimuli were subsequently employed in Experiment 2, while an

additional no-signal control condition was included as a baseline for behavioural (keypresses)
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comparisons. Experiment 2 revealed a significant difference between easy and difficult stimuli
conditions. The control condition also served as a useful baseline for analysing participants'
responses (keypresses) relative to the experimental conditions. Lastly, Experiment 3 incorporated
the use of EEG with the experimental design of Experiment 2 to assess an EEG study design that
could compare behavioural and neural responses of different cultural groups. The EEG pilot was also
used to establish a pre-processing and analysis strategy for the EEG data. The present chapter
demonstrates the importance of adapting task parameters to establish an EEG study design that
allows further investigation into the time course of VPL within a cross-cultural context. Indeed, the
dispositional tendency for attending to the global properties depends on the experimental design as

well as stable individual processing strategies (Dale & Arnell, 2014).

The outcomes of Experiment 1 and Experiment 2 suggest that priming using easy patterns
could support the discrimination of difficult stimuli by conditioning participants to focus on the
global features of the stimuli (Dale & Arnell, 2014). These findings support the RHT as the combined
use of easy stimuli with difficult ones appeared to facilitate learning through transfer and
generalisation (Ahissar & Hochstein, 1997; Burgoon et al., 2013; Flevaris et al., 2011). Therefore,
integrating three stimuli conditions could be a reasonable avenue for cultural neuroscientific
research that examines VPL differences. Indeed, the use of Glass (1969) patterns in the present
thesis have narrowed the research focus to holistic processing. Incorporating the easy and difficult
stimuli conditions within a single study could reveal if the GPE induced by the stimuli operates on
early or later cognitive mechanisms (Dale & Arnell, 2014; Flevaris et al., 2011; Poirel et al., 2008). For
instance, faster RTs to the easy stimuli would indicate early perceptual processing. In contrast, the
learning transfer for the difficult stimuli condition suggests a later top-down influence during holistic
processing of the global forms. Importantly, these early and late processes could also be reflected in
neural activity (Mayhew et al., 2012), thus supporting the need to advance research in this domain

using neuroscientific methods.
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As discussed in Chapter 1 (see Section 1.3.2) and the introduction (see Section 6.1), cultural
differences have been observed in both early and late perceptual processing (e.g., Goto et al., 2010;
Lao et al., 2013; Lewis et al., 2008; Lin et al., 2008), and the ERPs identified can be extended to VPL
processes (e.g., Ding et al., 2003; Shoji & Skrandies, 2006; Skrandees et al., 1996; Song et al., 2007).
For instance, cultural differences in the early and late stages of information processing can be
mapped to the two distinct task-relevant temporal components following training in the Glass (1969)
pattern discrimination task (Mayhew et al., 2012). These components are notable as the earlier
latency has been linked to visual form detection and integration (Ostwald et al., 2008), while the
later latency has been associated with perceptual classification judgements (Das et al., 2010;
Duncan, 2001; Johnson & Olshausen, 2003; Ohla et al., 2005; Tanskanen et al., 2008). Collectively,
the temporal components and learning-dependent changes identified at early and later stages of
global form processing following VPL, and the implication of cultural influences in early and later
attentional mechanisms, necessitates further research to unify these findings. Extending the findings
from both domains could reveal if culture acts upon the earlier or later perceptual systems during
VPL. Indeed, as observed in the pilot studies here, the use of the Glass (1969) pattern discrimination
task consisting of both easy and difficult stimuli conditions would support this investigation.
Systematic task selection is clearly an important consideration in cross-cultural research designs

(Alotaibi et al., 2014).

Self-report cultural measures are often subject to limitations such as demands
characteristics (Na et al., 2020). Therefore, implicit measures of behaviours such as RTs, accuracy, or
memory may reduce these artefacts (Na et al., 2020; Poirel et al., 2008). However, these measures
could still be subject to biases and unaccounted sources of noise that could mask cultural or
individual differences depending on the tasks used (e.g., Dale & Arnell, 2014, 2015; Evans et al.,
2009; Hakim et al., 2017; Ueda et al., 2018). For instance, the FLT was proposed as an objective
alternative for measuring individual differences in analytic or holistic processing (Choi et al., 2007).

Indeed, the FLT was used to supplement the use of self-report cultural measures (SCS, COS, and AHS)
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that had varying accounts of validity and consistency (see Chapter 2). Western individualists have
previously been reported to be more analytic, as demonstrated by their ability to estimate absolute
line lengths more accurately (Kitayama et al., 2003). However, this chapter's adaptation of the FLT
presented contradictory evidence as the Western individualistic sample in Experiment 1 were more

holistic, while the sample in Experiment 2 appeared to be more analytic.

The contradictory findings and variances observed in the FLT could be attributed to the small
samples that may be unrepresentative of the Western individualistic population. Alternatively,
another explanation for the contradictory evidence relates to the dominance of the GPE in the FLT
(Mills & Dodd, 2014; Navon, 1981; Rezvani et al., 2020). These findings indicate the importance of
task selection when researching cultural differences in cognition and behaviour. Cultural differences
do not always manifest consistently, as the tasks used may not be appropriate for examining the
psychological processes which may vary across cultures (Rezvani et al., 2020; Dale & Arnell, 2013).
For example, natural scenes are more complex and susceptible to biases like colour perception
(Elliot & Maier, 2012) or preferences (Simonic, 2003). Therefore, the use of simple figure should
reveal differences that are motivated by attention to stimulus elements rather than endogenous
processing goals such as familiarity with stimuli (Kitayama & Murata, 2013). Importantly, the task

selection should also be consistent with the research aims and objectives (Alotaibi et al., 2014).

The specific biocultural interaction that cultivates visual and learning differences remains an
enigma (Khan et al., 2017). Therefore, contemporary cultural neuroscience research that departs
from mere comparative behavioural studies are essential to uncover and understand the
psychophysiological similarities and differences across cultures while also addressing the
inconsistencies across existing literature (Khan et al., 2017). In the context of the present thesis, EEG
research could provide unique cross-cultural evidence on the temporal dynamics of VPL (Goto et al.,
2013). Since cultural influences have been implicated in early attentional systems and low-level

perceptual encoding (e.g., Kitayama & Murata, 2013), as well as later mechanisms (e.g., Goto et al.
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2010; Lewis et al. 2008), it is crucial to examine these temporal processes using appropriate
methodologies and tasks systematically. For example, the nature of the Glass (1969) patterns that
do not carry any semantic meaning also allows for more control over confounds as it consists of only
low-level perceptual features (Petrova et al., 2013). The outcomes would indicate that culture is

ingrained and could impact stimulus-driven attention and perception during learning.

6.6 Chapter Summary

Advances in the field of cultural neuroscience have provided considerable insight into our
understanding of how culture influences the underlying mechanisms of perceptual processing (Ishii
et al., 2009; Kitayama & Murata, 2013; Kitayama & Uskul, 2011; Lewis et al., 2008). In the same way,
it could reveal if the differences in VPL between cultures stem from a divergence in early perception
or later decision-making processes. As culturally acquired behaviour is considered semantic
knowledge and involves automatic processes, a time-sensitive measure such as EEG would
contribute novel neurobiological insights into the stages and components of perceptual processing
that differ between cultures (Kitayama & Murata, 2013). The prevalence of contradictory results in
the field when varying tasks and experimental methods are used also necessitates further research
in this domain to address divergent findings (e.g., Hakim et al., 2017). Indeed, the present chapter
presents an EEG experimental design to examine both the cultural and biological aspects of VPL. The
use of EEG alongside the Glass (1969) patterns would provide further insight into the implicit cultural
influences on VPL within the context of a multilevel cultural model (Lewis et al., 2008). Future
research could also extend the investigation beyond the differentiation mechanism of VPL (e.g.,

unitisation) to account for the task- and context-variations in which culture can manifest.
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Chapter 7: General Discussion

A multilevel cross-cultural examination of VPL is a novel area of research that has yet to
receive greater scrutiny (Morris et al., 2015; Simko & Olick, 2021; Tsui et al., 2007). Therefore, the
overarching aim of the present thesis was to identify if cultural differences contribute to variability in
VPL processes. Specifically, the differentiation and unitisation mechanisms of VPL were examined
using a dynamic multilevel cultural framework. The thesis builds upon previous cross-cultural
research that examined differences in perception (e.g., Kastanakis & Voyer, 2014), attention (e.g.,
Correa-Chavez & Rogoff, 2009; Lufi et al., 2017), memory (e.g., Alea & Wang, 2015; Leger &
Gutchess, 2021), and learning (e.g., Mayhew et al., 2012; van der Kamp et al., 2013; Wang et al.,
2017). Indeed, to narrow the focus of the investigation into this expansive interdisciplinary area of
culture and cognition, it was important to first examine the influence of global or holistic processing
on VPL processes in the present thesis due to the GPE (Mills & Dodd, 2014; Navon, 1981; Rezvani et
al., 2020). Consistent with the thesis aim, the collective outcomes of all the studies presented here
offer a compelling insight into the fundamental cross-cultural differences in cognitive styles that
manifest despite the common global advantage observed in the general population (see Section
1.1.2). Notably, these processing differences influence VPL trajectories within varying task domains
despite the GPE. As such, this thesis contributes significant knowledge to existing research and
provides an original contribution to the literature on VPL within a cross-cultural context. This chapter
will first present a summary and evaluation of the findings in previous chapters (Chapters 2 to 6) and
how they align with the aims and objectives of the thesis. The implications of this research for theory

and practice will then be reviewed, followed by a discussion of the limitations and future directions.

7.1 Overview: Aims and Objectives of Thesis

According to the GPE, people have a general tendency to engage in global processing as the
perceptual system often prioritises global information over a more fine-grained analysis of local

objects during visual perception (Gerlach & Starrfelt, 2018; Liu & Luo, 2019; Mills & Dodd, 2014;
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Navon, 1981; Rezvani et al., 2020). Therefore, any behavioural differences identified when people
from different cultural backgrounds complete global tasks would present substantial evidence of a
fundamental cultural difference in visual perception despite the GPE. To this end, the Glass (1969)
pattern discrimination task (Mayhew et al., 2012) and the SLT (Wang et al., 2017) were employed to
examine the differentiation and unitisation mechanisms of VPL, respectively (see Section 1.1.2). Both
tasks compel participants to engage in global processing. Additionally, a multilevel framework with
both macro and micro features at the national and individual level was used in the present
investigation to account for the multiplexity of culture and how it could differentially impact VPL
processes (Boer et al., 2018; Brewer & Venaik, 2011, 2012; Chen et al., 2020; Goodwin et al., 2020;

Oyserman et al., 2002; Steel & Taras, 2010; van de Vijver & Leung, 2000, 2021; Vignoles et al., 2016).

The objectives of this thesis are thus as follows: defining and assessing a multilevel model of
culture that can function as an explanatory framework for behavioural differences (see Chapter 2);
investigating if micro and macro level cultural influences could modulate global processing in the
Glass (1969) pattern discrimination task that implicates the differentiation mechanism of VPL (see
Chapter 3); using priming techniques to explore the dynamic nature of culture and how individual-
level variations in self-construal could influence VPL (see Chapter 4); investigating if micro and macro
level cultural influences could also govern global processing differences in the SLT that implicates the
unitisation mechanism of VPL (see Chapter 5); and lastly, exploring and establishing an EEG study
designed to assess for cultural differences in the temporal dynamics of global shape processing
during VPL (see Chapter 6). The key findings of each research objective will be explored further in

the next section.

7.2 Key Findings

Chapter 2 presented essential preliminary findings for the thesis as it established a multilevel
explanatory framework for investigating cross-cultural differences in VPL. The macro level of culture

was defined by the individualism-collectivism distinctions, which differentiated groups based on
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their nationalities (Hofstede, 1980, 2001, 2011). The individualism-collectivism dimension is a
significant explanatory construct for describing collective and aggregated features of a nation
(Brewer & Venaik, 2012; Schimmack et al., 2005; Venaik & Brewer, 2013; Venkateswaran & Ojha,
2019). Micro level cultural features were also integrated with the macro system to account for
individual variations that may define or inform cultural norms, practices, and behaviours (Fischer,
2009). As such, the micro level of culture examined in Chapter 2 was defined by social orientations
(SCS; Singelis, 1994), cultural orientations (COS; Triandis & Gelfand, 1998), and cognitive styles (AHS;
Choi et al., 2007). Considering these individual level variances, alongside participant demographics
(e.g., living arrangements, ethnicity, etc.), can offer valuable insight into the dynamic and complex

nature of cultural conceptualisations (Boer et al., 2018; Hong et al., 2000; Steel & Taras, 2010).

Although the cultural instruments (COS, SCS, AHS) examined in this chapter were limited by
their lack of measurement equivalence, these could nonetheless be used to inform the multilevel
cultural framework for examining cultural differences in VPL. Considering the interaction between
the multiple facets of culture as defined by these cultural instruments could account for the error
variances associated with the typical convention of comparing WEIRD populations in cross-cultural
research (Varnum et al., 2008). Collectively, the integration of macro and micro levels to define a
multilevel cultural framework provides an important explanatory function for understanding the
behavioural observations in the subsequent experimental chapters of this thesis. Beyond this, the
multilevel framework could also be extended to other psychological domains as it considers the
broad influence of cultural systems at both macro and micro levels on cognition and behaviour (Boer
et al., 2018; Chen et al., 2020; Goodwin et al., 2020; Steel & Taras, 2010; Van De Vijver & Leung,

2000, 2021; Vignoles et al., 2016).

Chapter 3 presented the first novel evidence of cultural differences in VPL. The experiment
in this chapter employed the multilevel framework to examine the macro and micro cultural systems

which may influence VPL in the Glass (1969) pattern discrimination task. Although the Glass (1969)
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patterns do not carry semantic meaning, these are representative of the abundance of information
we are exposed to in the environment. The present study's findings have important theoretical and
real-world implications (see Section 7.3). Notably, the outcomes of this chapter contributed critical
knowledge about the influence of culture on VPL as it extends from previous research that is
predominantly focused on individual differences VPL (e.g., Hansen et al., 2012; Rop & Withagen,
2014; Withagen & Caljouw, 2011; Withagen & van Wermeskerken, 2009). Specifically, the study
provides novel and compelling evidence of how people from individualistic and collectivistic cultures
learn to discriminate complex stimuli. This differentiation mechanism of VPL was assessed as
participants learned to distinguish radial and concentric Glass (1969) patterns embedded in noise
(Frangou et al., 2019; Garcia et al., 2013; Li et al., 2012; Mayhew et al., 2012; Wang et al., 2017). The
ambiguity induced by the noise compels participants to engage in global or holistic processing to

support learning and accurate discriminations.

Consistent with the GPE, all participants exhibited improvements in the task following
training (Mills & Dodd, 2014; Navon, 1981; Rezvani et al., 2020). However, a subsequent divergence
in performance during training indicates a fundamental processing difference between cultures,
whereby the greater tendency for holistic thinking within collectivistic cultures was proposed to
support faster learning trajectories (e.g., Han & Humphreys, 2016; Kitayama et al., 2009; Peng &
Nisbett, 1999; van der Kamp et al., 2013; Wan et al., 2016). Additionally, at the micro level,
independence, as measured on Singelis’ (1994) SCS was also predictive of poorer overall
performance in the discrimination task, indicating that self-construals could also represent a
different cultural system at the individual level that may impact VPL. Nonetheless, the lack of group
differences between those holding independent versus interdependent self-construal warrants
further research to better indicate how these values influence perceptual accuracy and learning
rates. Therefore, the next chapter employed a priming methodology to examine the causal impact of

self-construals on VPL processes.
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Chapter 4 presented a causal examination into how primed values of independence and
interdependence can influence the global processing and VPL of ambiguous Glass (1969) patterns.
The outcomes of this chapter had significant implications for the overarching aim of the present
thesis, as cultural priming allows the experimental isolation of the behaviours induced by specific
cultural values (Kihnen & Oyserman, 2002). Notably, the dynamic nature of priming further
contributes to the multilevel cultural framework for investigating VPL, as it considers the intricate
interaction of social, individual, and situational factors that govern the manifestation of culturally
congruent behaviours (Briley et al., 2014; Hong et al., 2000; Syed & Azmitia, 2010; Xi et al., 2018).
Indeed, the faster RTs induced by independence priming indicates a narrower attentional spread
consistent with independent self-construals and analytic thinking styles (Choi et al., 2007; Koo et al.,
2018). Evidently, priming methodologies can present some intriguing insights into the dynamic

influence of self-construals on behavioural indices such as RTs.

However, priming effects were not reflected in performance accuracy. It is possible that the
salience of the GPE overshadowed the effects of priming (Mills & Dodd, 2014; Navon, 1981; Rezvani
et al., 2020). The lack of group differences in VPL trajectories suggests the need for more robust
priming manipulations that can sufficiently induce culturally consistent behaviours (beyond the
GPE). Alternatively, since the efficacy of priming was also not reflected in the priming manipulation
checks, the observed RT differences could be attributed to other mechanisms such as confidence or
conscientiousness that were not assessed in this study (Chen et al., 2014; Tanaka, 2020; Wang et al.,
2021). These findings provide important insight into the complexity of cultural manifestations at the
individual level during VPL. The inconsistencies in behavioural manifestations following priming
warrant additional research within other VPL domains (i.e., unitisation) or using neuroscientific
measures such as EEG (Han & Ma, 2014, Lin et al., 2008; Ng et al., 2010). Expanding the scope of the
investigation would provide further evidence of the dynamic multilevel influence of culture that can

manifest differentially under varying contexts.
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Chapter 5 subsequently presented an investigation to examine the unitisation mechanism of
VPL using the multilevel cultural framework (see COVID-19 Impact Statement). This chapter offered
significant insight into the impact of micro level cultural mediation on VPL, which extends beyond
the differentiation mechanism assessed in the earlier chapters. A symbol SLT was employed to
assess participants' ability to perceive and integrate a complex configuration of separate events into
perceptual wholes (Wang et al., 2017). Importantly, the SLT, despite implicating a different VPL
mechanism, engaged global processing like the Glass (1969) pattern discrimination task to ensure
continuity in assessing the dominant influence of culture despite the GPE. The SLT also contributes
further novelty to the investigation as it represents a task that incorporates learning of both spatial
contexts and temporal sequences (i.e., configuring distinct events that manifest based on underlying
temporal statistics). Although there were no behavioural differences at the macro level, micro level
differences were observed between those with independent and interdependent self-construal,

once again providing evidence for the dynamic multilevel influence of culture on VPL mechanisms.

The divergence in performance during training provides support for previous research that
have linked interdependent self-construal to greater tendencies for global or holistic processing (Koo
et al., 2018; Masuda et al., 2008; Na et al., 2020; Nisbett et al., 2001; Oyserman et al., 2002;
Oyserman & Lee, 2008; Senzaki et al., 2014; Yu et al., 2021). The increased tendency for global
processing amongst those with interdependent self-construals was proposed to enhance learning. In
contrast, slower learning trajectories amongst those with independent self-construals could be
attributed to more analytic processing. Together, these findings present compelling evidence that
cultural manifestations are contingent on task domains. However, to reconcile the inconsistent
macro and micro level evidence observed across studies, further research is needed to examine the
prevailing influence of culture on VPL within varying task domains and stimuli conditions (Wang et
al., 2017). Additionally, incorporating neuroscientific methods such as EEG would provide more

robust and novel evidence of cultural influences on VPL processes (Kwon et al., 2021).
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Chapter 6 was a culmination of the collective outcomes reported in the present thesis (see
COVID-19 Impact Statement). Specifically, the outcomes of the three pilot studies presented in this
chapter contribute to an EEG experimental design that could reconcile the discourse surrounding the
time course of VPL within a cross-cultural context. To this end, the parameters of the Glass (1969)
pattern discrimination task were adapted and evaluated systematically to inform an EEG study
design that can investigate the neurobiological underpinnings of culture. Experiment 1 revealed that
cultural differences did not manifest under conditions of significant perceptual uncertainty.
Regardless of cultural background, participants did not learn when trained using only difficult stimuli
with low SNRs. Therefore, easy patterns were combined with difficult patterns in Experiment 2 to
enable learning transfer and generalisation (Ahissar & Hochstein, 1997, 2004; Dale & Arnell, 2014,
2015; Ding et al., 2003; Hochstein & Ahissar, 2002). A control condition was also included as a
baseline comparison for keypresses between the stimuli conditions. As predicted, response accuracy
was greater for the easy condition than the difficult one. An EEG pilot was subsequently conducted
with the same task parameters to explore the experimental design further while EEG responses were
recorded. Taken together, the outcomes of the exploratory studies in this chapter inform an EEG
experimental design that can examine the multilevel influence of culture on VPL during global shape
processing. An EEG study could provide neural evidence of how cultural differences in global or
holistic processing operates on early or later cognitive mechanisms (e.g., Goto et al., 2010; Han et
al., 2000; Lao et al., 2013; Lewis et al., 2008; Lin et al., 2008; Lin & Han, 2009; Na & Kitayama, 2011),

particularly when there is a lack of behavioural findings (e.g., Ng et al., 2010).

In summary, the empirical evidence reported in the present thesis indicates that the
dynamic multilevel nature of culture is domain-specific and operates differentially on VPL processes
under varying task conditions. Indeed, the present thesis has made novel and compelling
contributions to the existing literature on the interdisciplinary area of culture and cognition by
integrating the micro and macro systems of systems of culture into a dynamic multilevel framework

(see Chapter 2). Hofstede's (1980, 2001, 2011) individualism-collectivism construct was used to
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define groups at the macro level, while independent and interdependent self-construals (Markus &
Kitayama, 1991; Singelis 1994) were used as the primary micro level constructs examined in the
present thesis. This integrative framework established an explanatory framework for the subsequent
experimental chapters. Specifically, the individualism-collectivism constructs and the independent-
interdependent self-construal informed VPL trajectories for differentiating ambiguous global forms
(see Chapter 3). Since the Glass (1969) pattern discrimination task requires global processing,
observed cultural differences in performance despite the GPE demonstrates the dominant influence
of culture on VPL. To further supplement these findings, enhancing the saliency of independent self-
construals through priming was also attributed to significantly faster RTs during VPL (see Chapter 4).
The micro (individual) level influences on VPL persisted even within a different task domain

(see Chapter 5). Therefore, self-construals are not only implicated when people learn to differentiate
ambiguous global forms but also during unitisation when people learn to integrate complex event
sequences to make accurate predictions about future events. These findings then informed three
pilot studies that explored an EEG experimental design that would reveal cultural differences in the
temporal dynamics of global shape processing during VPL (see Chapter 6). Taken together, it is
apparent that the present thesis has contributed compelling observations of the dynamic multilevel

influence of culture on VPL within varying contexts and situations.

7.3 Implications of Research

Although further research is needed to validate this dynamic multilevel cultural framework,
especially from a neuroscientific perspective, the present thesis has provided a substantial
foundation of knowledge for research in this interdisciplinary area of culture and cognition (Atkins et
al., 2016). First, the present thesis has provided compelling evidence of a multilevel cultural
framework that can account for variances in VPL abilities at both micro and macro levels of culture
(Morris et al., 2015; Simko & Olick, 2021; Tsui et al., 2007). Second, the proposed framework also
highlighted the prominence of the dynamic nature of culture and the circumstances under which

culture-specific cognition and behaviours may manifest (Gelfand et al., 2017; Greenfield, 2018b;
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Kashima et al., 2019; Kwon et al., 2021; Wang et al., 2017; Yamazakia & Kayes, 2010). Third, the
present thesis has presented novel evidence of how cultural differences in cognitive styles can
moderate VPL processes despite the common global advantage typically observed in the population
(Mills & Dodd, 2014; Navon, 1977; Rezvani et al., 2020). Culturally distinct perceptual styles could
eclipse the GPE to reveal the dominant influence of culture on VPL processes, and this was indeed
identified in the present thesis. Fourth, the two global tasks employed — namely the Glass (1969)
pattern discrimination task (Mayhew et al., 2012) and SLT (Wang et al., 2017) — contributed
diversified evidence of how cultural influences can operate on the differentiation and unitisation
mechanisms of VPL (Chamberlain et al., 2017). Fifth, the stimuli used in both tasks cannot be
associated with any semantic meaning (Doherty et al., 2008; McKone et al., 2010; Savani & Markus,
2012). As such, prior knowledge, skills, and expertise cannot interfere with the VPL process, thereby
providing more distinct evidence of how specific cultural constructs can influence task performance.
The design and methodology of the present thesis contribute new knowledge on the intricate ways

that culture can shape VPL, which has significant implications for theory and practice.

7.3.1 Implications for Theory

Despite multiple reports of individual differences in perceptual learning trajectories (e.g.,
Hansen et al., 2012; Rop & Withagen, 2014; Withagen & Caljouw, 2011; Withagen & van
Wermeskerken, 2009), there is a lack of research in the context of culture. Indeed, due to the
complexity of culture and its differential impact on human psychological processes, there is a great
theoretical interest in exploring if the processes underlying VPL can also vary as a function of culture.
It is important to emphasise that differences in perceptual biases, illusions, and visual preferences
do not stem from racial distinctions but to differences in experience and perceptual inference habits
that are likely to differ across societies (Briley et al., 2014; Segall et al., 1963). Increases in the

frequency of interaction between members of different cultures and the environment have
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prompted research exploring cultural differences to avoid misconceptions around the perceptual

and learning abilities of people from different sociocultural backgrounds.

From a theoretical perspective, a multilevel cultural framework that considers both the
macro and micro level features of culture to explain differences in VPL processes is highly
advantageous for reducing inconsistencies that are pervasive in cross-cultural research (Amer et al.,
2017). Considering the dynamic features of culture at both levels offers a more holistic picture of
how micro and macro level cultural systems operate to inform each other and psychological
processes such as VPL (Kashima et al., 2019). Furthermore, establishing links between the macro-
micro levels provides valuable information about cultural change and how these could subsequently
impact cognition and behaviours (Chen et al., 2020; Goodwin et al., 2020; Vignoles et al., 2016;
Wang et al., 2017). For example, as demonstrated in the present thesis, macro-level differences in
individualism and collectivism and micro-level differences in self-construal operated differentially on
the differentiation and unitisation mechanisms of VPL. Evidently, the dynamic multilevel cultural
framework offers a comprehensive and integrated overview of the mechanisms underlying cultural

transmission, retention, transformation, and manifestation (Kashima et al., 2019).

Generally, the present thesis has revealed that the configuration of learning patterns may
vary at individual and cultural levels (Trigwell & Ashwin, 2006). However, little theoretical work has
examined the neurobiological underpinnings of VPL within a cross-cultural context. Eye-tracking,
EEG, and fMRI technology are thus essential for identifying the psychophysiological mechanisms
underlying VPL (Amer et al., 2017), especially within diverse educational domains (Martinez-
Fernandez & Vermunt, 2015; Sharma et al., 2019). Accordingly, advancing research in this domain

would contribute further theoretical evidence and present significant implications for practice.

7.3.2 Implications for Practice

The outcomes of the present thesis provide compelling evidence that different cognitive

strategies can be developed and enhanced through training (Jacobs et al., 2011; Rop & Withagen,
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2014; van der Kamp et al., 2013). As such, research in this domain could reveal the effectiveness of
VPL in allowing individuals of different cultural backgrounds to acquire visual skills that help reduce
perceptual uncertainty (Dosher & Lu, 1998; Dosher & Lu, 2017; Frangou et al., 2019; Lu et al., 2011;
Pylyshyn, 1999; Sagi, 2011). Therefore, the present thesis adds to our knowledge of cultural diversity
in the community (Santamaria, 2009). Early identification of culturally specific learning needs could
allow early interventions (Deveau et al., 2014a, 2014b). These findings can then translate into
training programmes that consider the diverse needs of individuals whose daily activities require
significant visual demands, such as athletes (Deveau et al., 2014a, 2014b). Such training programmes
could also be adapted to induce a more efficient sequence of responses and actions such as playing
musical instruments, reading, and linguistics (Polat, 2009; Shin & lvry, 2002; Smyth & Naveh-
Benjamin, 2018; Wang et al., 2017). Further research is thus essential to reveal the neural basis of
VPL within a cross-cultural context as it could also incite innovations and interventions for improving
visual acuity for visual disabilities such as amblyopia, cortical blindness, or vision declines (Bower et

al., 2013; Deloss et al., 2015; Lu et al., 2011; Polat, 2009; Zhang et al., 2014).

Taken together, from a practical perspective, research on culture and cognition can reveal
the learning strategies adopted by individuals from different cultures and backgrounds. As such,
researchers can establish a knowledge base of the disparities that exist across individuals, societies,
and nations (Ma et al., 2016). This knowledge base can help inform key policies that ensure equal
learning opportunities and advocate the development of training paradigms that account for cultural
variances in learning (Brants et al., 2016; Tanaka, 2020). Similarly, the present thesis and future
research outcomes could contribute significant implications for policymakers, academic institutions,
and organisations. For example, research that reveals how contextual information guides visual
processing can be applied to spatial configuration planning of landmarks or objects that act as
informative navigation and orienting cues for inhabitants of the city (Chun, 2000). Considering
culturally universal or -distinct differences in visual perception and information processing will

ensure more careful planning and implementation of inclusive developmental plans that recognise
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the diverse needs that people from different cultures may have. Alternatively, understanding the
dynamic factors that mediate VPL could also inform the development and delivery of practical
support programmes for learning (Tanaka, 2020). Continuous research in this domain is thus crucial
to reveal how cultures converge or diverge in our increasingly interconnected world, thereby

impacting the relevance of existing policies, curricula, and training programmes.

7.4 Limitations and Future Directions

Previous research has established that cultural influences can shape attentional and
perceptual processes (e.g., Correa-Chavez & Rogoff, 2009; Lufi et al., 2017; Ueda et al., 2017. The
present thesis has contributed further knowledge in this domain within the context of VPL. Indeed,
cultural differences in global processing can inform VPL trajectories within different contexts (e.g.,
differentiation versus unitisation tasks). These information-processing biases are informed by
environmental affordances that may drive changes in the brain, cognition, and behaviours (Nguyen-
Phuong-Mai, 2017). For example, Miyamoto et al. (2006) proposed that the busy and ambiguous
landscapes of Japan in comparison to American sceneries stimulate the development of more
holistic thinking styles. Hence, as the cultural environment varies, the manifestation of culture-
specific brain activity, cognition, and behaviour also change dynamically (Nguyen-Phuong-Mai,
2017). In the same way, it is estimated that culturally informed cognition and behaviours acquired
early in life such as cognitive styles can persist across varying situations (Chiao, 2018; Greenfield,
2018b; Uskul et al., 2008; Varnum et al., 2010), and this has been demonstrated in the research

presented here. However, some limitations must be considered and examined in future research.

7.4.1 Static vs Dynamic Multilevel Measures of Culture

The first limitation that will be reviewed is the static conceptualisation of cultural constructs
represented by the self-report questionnaires used in the present thesis. Chapter 2 has extensively
discussed the limitations of existing cultural measures such as inconsistent reliabilities, weak

construct validities, lack of measurement equivalence (Boer et al., 2018), issues with terminologies
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(Li & Aksoy, 2007), and poor sensitivity (Levine et al., 2003). Furthermore, static conceptualisations
of culture do not account for individual differences and the dynamic changes in social processes
within a society (Hong et al., 2000). Indeed, demographic variables such as language, educational
attainment, living arrangements and ethnicity could contribute to differences in attitudes and
behaviours (see Section 2.3.3; Brewer & Venaik, 2011; Heu et al., 2019; Vandello & Cohen, 1999).
These demographic characteristics need to be considered within cross-cultural research, as they may
dynamically influence attentional biases (Shaki et al., 2012; Shaki & Fischer, 2008). For instance,
despite the innate evolutionary propensity for a left to right spatial bias observed amongst infants
(Heilman & Van Den Abell, 1980), an accumulation of reading and writing experience can shape
directional spatial biases (Dehaene et al., 1993; McCrink et al., 2018; Previtali et al., 2011).
Caregivers appear to be the early cultural transmitters of spatial attentional orientation as children
often exhibit behaviours consistent with their dominant language even from an early age (McCrink
et al., 2014; Shaki et al., 2012). Clearly, cultural measures need to have sufficient validity and
reliability to reflect the dynamic nature of cultural characterisations that evolve following changing
contexts (Brandt et al., 2014; Wong et al., 2008). These considerations will allow researchers to
maintain rigorous experimental control for clearer attributions of specific cultural constructs to

cognition and behaviour.

Reliable and valid measures that can assess the multidimensional features of culture is
essential for allowing researchers to explain the observed differences in attitudes, beliefs, and
behaviours of those from different cultural backgrounds (Chiao et al., 2013). For example, it may be
difficult to systematically define the cultural backgrounds of people with complex migration histories
based on nationality or geographical distinctions. Therefore, using Hofstede’s (1980, 2001, 2011)
individualism-collectivism differentiations would minimise the likelihood of excluding data that could
provide valuable information about the nuanced features of our multicultural societies at individual
and group levels (e.g., Singelis et al., 1995). Furthermore, an objective measure of basic cognitive

performance would help verify if all participants are matched in terms of abilities such as processing
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capacity and working memory to account for differences that may otherwise be neglected by static
measures like questionnaires (Park & Huang, 2010). Therefore, future research could identify the
feasibility of using tools such as the Glass (1969) pattern discrimination task as a psychometric
measure of information processing that allows direct behavioural comparisons rather than the
traditional use of static self-report cultural instruments (Pedraza & Mungas, 2008). Such tasks could
be used as standardised psychoeducational measures to ensure consistency in assessing cognitive
abilities, thereby minimising the possibility of specific groups being misclassified as cognitively

disadvantaged due to their responses on self-report measures (Pedraza & Mungas, 2008).

Taken together, to circumvent the limitations associated with the measures used in the
present thesis, additional tools such as RTs and accuracy measures can be used to make explicit links
between specific cultural constructs and the psychological differences observed between cultures
(Poirel et al., 2008). However, it is important to note that these objective and implicit measures
should be context-dependent to minimise unaccounted sources of noise that could mask actual
cultural or individual differences (e.g., Dale & Arnell, 2013; Hakim et al., 2017; Rayner et al., 2009).
The measures should thus be selected based on research aims and objectives (Alotaibi et al., 2014;
Mills & Dodd, 2014; Navon, 1981; Rezvani et al., 2020; Ueda et al., 2018). For instance, tasks that are
too easy or difficult, or are highly susceptible to the GPE like the FLT, may not reveal distinct cultural
group differences (see Section 6.2; Hakim et al., 2017). Therefore, future research should administer
standardised and objective behavioural measures that can act as supplementary tools for defining
groups based on cognitive styles. The use of computerised testing can also reduce response biases or
demand characteristics and tester errors (Lufi et al., 2017). Besides that, existing cultural measures
should also be consistently reviewed to assess their measurement equivalence across populations (Li
& Aksoy, 2007; Lux et al., 2021; Martin-Fernandez et al., 2022). As seen in the next section, there is
an increasing imperative for careful considerations of the samples recruited within cross-cultural

research. These samples are often susceptible to confounding variables such as global cultural shifts,
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migration history, linguistic abilities, cognitive abilities (e.g., memory, attention, intelligence), and

ecological differences that can impact the generalisability of findings (Grossmann et al., 2012).

7.4.2 Generalisability of Findings

Within cross-cultural research, there is a risk of making widespread generalisations about
the psychological functioning of specific populations based on samples that are limited to certain
demographics or backgrounds (Caparos et al., 2020). The student sample used in the present thesis,
excluding the online study (see Chapter 5), represents a key limitation, particularly within the
context of cross-cultural research (Wang, 2000). International student samples are often susceptible
to biases (e.g., socioeconomic advantages, intellectual abilities, psychological affinities for host
culture). Furthermore, with the increasing ease and preference for studying abroad in recent years
(Healey, 2008; Russell, Rosenthal, & Thomson, 2010), the importance of more representative
population samples afforded by online studies cannot be understated. Indeed, increasing globalised
societies and communities have made static measures impractical as these do not typically account
for nuances in other cultural features such as beliefs, values, routines, and practices that evolve with
time and space (Greenfield, 2018a, 2018b). Consequently, large and diverse samples beyond typical
student populations are needed to account for these dynamic meaning systems in addition to
features such as SES, ethnicity, educational background, and age, amongst others to address the

issue of generalisability in cross-cultural studies (Germani et al., 2020; Li & Aksoy, 2007).

Unrepresentative samples often impart large variances in the data, leading to contradictory
evidence and a lack of significant findings. For instance, the widespread use of WEIRD populations in
cross-cultural research often fails to consider the diversity within and across societies (Henrich et al.,
2010). The WEIRD population in cross-cultural research only represents 12% of the world’s
population (Henrich et al., 2010). As such, more representative samples from diverse backgrounds
and demographics must be included in future research to account for the circumstances and

variances that inform perceptual processing and learning styles (Joy & Kolb, 2009; Martinez-



224

Fernandez & Vermunt, 2015; Tempelaar et al., 2012; Toyama & Yamazaki, 2018; Yamazakia & Kayes,
2010). Age is another example that illustrates the issue with generalisability, particularly within the
interdisciplinary domain of culture and cognition (Lufi et al., 2017). Cultural orientations are not
merely a cross-national phenomenon but can also differ across generations within a country as it
progresses and gains greater exposure to foreign ideologies and concepts (Cohen, 2009; J. Ma et al.,
2016; Parry & Urwin, 2011; Zhou et al., 2018). Conducting research across different age groups could
thus increase the generalisation of findings and provide a deeper insight into the effect of cultural
differences on attention. Further research in this domain could inform training paradigms that are

fairer not only across cultures but across generations.

To summarise, it is essential to recruit participants beyond the student populations to
ensure the generalisability and representativeness of the research findings (Wang, 2000). Further
research is also needed to test the multilevel cultural framework proposed in the present thesis
within various culturally diverse settings and populations. The broadly accepted definition for culture
can relate to the enduring traditions, beliefs, and values that ethnic, religious, and social groups
transmit from one generation to the next (Guiso et al., 2006; Hong & Cheon, 2017). Therefore, it is
important to consider varying cultural features, perspectives, and viewpoints to establish a dynamic
and all-encompassing explanatory framework (Chiu et al., 2010; Schwartz & Bilsky, 1990). This
dynamic and multilevel meaning system could subsequently inform how and when culture could
manifest in cognition and behaviour. Indeed, cultural influences in cognition and behaviour are often
context- or task-dependent (Alotaibi et al., 2017; Hakim et al., 2017; Rezvani et al., 2020; Ueda et al.,
2018). Therefore, an alternative method for increasing the generalisability of findings relates to
priming techniques that account for the dynamic nature of culture. As discussed in the next section,
despite presenting limitations, priming techniques could provide some compelling insights into the

link between specific cultural constructs and VPL mechanisms.
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7.4.3  Priming Cultural Values

Priming techniques operate under the assumption that the cultural identities an individual
embodies can be activated or switched in response to specific social contexts and interactions (Hong
et al., 2000; Brewer & Gardner, 1996). However, the replication crisis in social psychology research
has cast doubts on the efficacy of priming despite the priming effects identified in past studies
(Wiggins & Christopherson, 2019). Indeed, the efficacy of cultural priming remains debatable as it
has presented varied results and outcomes across different methods and studies (Oyserman & Lee,
2008). For instance, priming tasks that appear unrelated to the actual experiment may activate an
area of the brain that is irrelevant for processing in the main experimental task. It is also estimated
that some cultural constructs cannot be primed or temporarily shifted within experimental and
laboratory settings (Magid et al., 2017). Alternatively, situationally induced (primed) knowledge may
not always manifest in behaviour as the primed constructs typically decay more quickly than the
knowledge that is frequently accessed (Briley et al., 2014). As such, long experiments could weaken
the efficacy of self-construal priming, especially if the primed construct is incompatible with the
cultural values that the individual typically holds. Consequently, priming procedures may not always
present clear cultural comparisons in behaviour (Oyserman & Lee, 2008). Further research is needed
to systematically explore the dynamicity of culture and its specific impact on psychological processes

(Han & Ma, 2016; Lin et al., 2008).

Cultural neuroscientific research is an example of an increasingly important methodology
used within the interdisciplinary domain of culture and cognition as it can supplement traditional
self-report and objective behavioural measures (Briley et al., 2014; Kitayama & Salvador, 2017; Rule
et al., 2013; Shkurko, 2020). Similarly, it could be used in conjunction with priming procedures to
provide insights into the dynamic influence of culture on our brains, cognition, and behaviour (Han &
Ma, 2016; Lin et al., 2008). For instance, independence and interdependence self-construal priming

have been linked to neural activity differences rather than behaviours (e.g., Harada et al., 2010; Lin
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et al., 2008; Ng et al., 2010; Sui et al., 2009; Sui & Han, 2007). Ng et al. (2010) employed a meticulous
experimental design involving priming, fMRI, and a bicultural-self questionnaire to ensure that the
bicultural participants possessed both Chinese and Western cultural identities. Participants
performed a personality trait judgement task involving the self, mother, non-identified person such
as a classmate or supervisor, and a control task involving font judgement. Despite the lack of
behavioural differences, fMRI scans revealed neural evidence that indicated that self-inclusiveness
for significant others and even strangers were associated with primed interdependent cultural
values. Future research could advance research on culture and VPL using priming techniques and
neuroscientific measures to identify how culture can manifest at the neural level. This methodology
becomes especially pertinent as human behaviour often adapts to new conditions and environments
(Greenfield, 2018b). Furthermore, as discussed in the following section, replicability is not always
possible in cultural research due to rapid social changes and shifts in policies, norms, and practices

within a society (Gelfand et al., 2017).

7.4.4 Globalisation and the Rise of Multiculturalism

The continuous evolution of culture across time and space drives the psychological
variations observed at macro and micro levels of culture (Briley et al., 2014; Erez & Gati, 2004; Hong
et al., 2000; Kashima et al., 2019; Sedikides et al., 2011; Xi et al., 2018). These changes could
subsequently mediate information processing and learning differently, as demonstrated in the
present thesis (see Chapters 3 and 5). However, the inconsistency in findings from existing measures
(e.g., SCS, COS, and AHS) suggest that cultural shifts across nations and societies are not accurately
reflected on these measures. Indeed, advancements in communication technologies and the
increasing value placed on individual uniqueness have shifted interdependence values to more
independent and individualistic ones (Gentile et al., 2012; Zhang & Shavitt, 2003). As such, shyness,
previously seen as a positive trait in Chinese culture, is now associated with maladjustment in the

current society where extraversion is needed for success (Chen et al., 2005). Young learners in
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Zinacantec Maya communities are also becoming more skilled at abstract representations of novel
rather than familiar patterns due to rapid economic development (Maynard et al., 2015), thereby
supporting how the changes in sociocultural environments can shape visual representations.
Interestingly, widespread globalisation and multiculturalism have also been associated with a
convergence of collectivistic values in some cultures (Hong & Cheon, 2017; Ma et al., 2016). These
findings indicate the need for cultural constructs and measures that can provide an accurate and
consistent reflection of the dynamic nature of culture and how it can manifest differentially under

varying contexts (i.e., during differentiation and unitisation).

The self and the environment are mutually constitutive — whereby individuals within a
society can inform the cultural environment, while cultural environments can also shape an
individual's values (Wang et al., 2017). To avoid any dissonance from inconsistencies between the
entrenched cultural values of the society and individual values, people may adapt their attitudes,
values, or behaviours to restore cognitive equilibrium (Aronson, 2009). For example, China has
experienced widespread sociocultural, political, and economic changes (Brandt et al., 2012; Wong et
al., 2008). Consequently, there is a shift in cultural orientations in China, particularly for the younger
generations (Sabet, 2011). For instance, the Chinese X-Generation who have been subject to rapid
modernisation are more individualistic and accommodating towards the concept of modernity
(Zhang & Shavitt, 2013). Yi et al. (2010) also found that the younger post-1980s generation are more
confident and self-promoting than the earlier generations, revealing individualistic behaviours that
contradict the mainstream collectivistic norm prevalent in Chinese society (Morris et al., 2015).
Additionally, the one-child policy in China has reshaped the deeply rooted values of gender equality,
filial piety, and patrilineality. Families with daughters being the only child are expected to bear the
responsibilities typically assumed by male roles, such as providing financial support (Sudbeck, 2012).
Collectively, there is an erosion of traditional cultural values due to globalisation, multiculturalism,
and an increasing acceptance of western and individualistic values in typically collectivistic nations

(Hong & Cheon, 2017; Ma et al., 2016; Yi et al., 2010; Zhang & Shavitt, 2003).
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Future studies need to consider the dynamic and constantly evolving nature of cultural
environments and their influence on norms, values, beliefs, and behaviours (Gelfand et al., 2017;
Kashima et al., 2019). Indeed, changes in the natural environment could shift existing values and
practices as society adapts to the challenges and changes afflicting a country or society (Grossmann
& Varnum, 2015; Kashima et al., 2019; Santos et al., 2017). However, some researchers have also
argued that globalisation induces homogeneity rather than heterogeneity (Cserni, 2020; Dgbrowski
& Sroda-Murawska, 2021), thereby contributing to a lack of observed cultural differences in
cognition and behaviour. Therefore, to reconcile these inconsistencies, the dynamic multilevel
cultural framework proposed in the present thesis has even greater relevance as it considers
dynamic changes and cultural influences at micro and macro levels. Variations in these values can
then be associated with manifested attitudes and behaviours within varying contexts and task
domains (Kashima et al., 2019; Kitayama et al., 2019). Naturally, demographic features of the sample
population in cross-cultural research such as age, gender, and social class should be considered in
addition to assessing cultural constructs at micro and macro levels as this would broaden the

generalisability of findings (see Section 7.3.2).

7.4.5 Reconciling Inconsistent Behavioural Findings: Methods in Cultural Neuroscience

Cultural differences in visual cognition do not always manifest in research (Hakim et al.,
2017). These inconsistencies can be attributed to the conditions in which the culturally associated
thoughts and behaviours are being examined (Kitayama et al., 2019). As discussed above, cultural
differences can be observed under varying task conditions depending on the cultural constructs
activated within the specific context (e.g., Ueda et al., 2018). Therefore, examinations using cultural
neuroscientific methods are needed to investigate changes in the structure and function of the brain
that arise from the sociocultural environments (Nguyen-Phuong-Mai, 2017; see Chapter 6).
Neuroscientific methods such as EEG and fMRI can reveal specific brain and neural activity that

differentiate the biological processes of people from different cultures (Ma et al., 2014). These
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methods have also been used to explain underlying cultural differences in cognition and behaviour
(Chiao et al., 2013; Ma et al., 2014). Integrating neuroscientific methods alongside the dynamic
multilevel cultural framework is thus a promising direction for future research that extends beyond

social and cognitive psychology (Kitayama & Uskul, 2011; Zhou & Cacioppo, 2010).

Advancements in cultural neuroscience have revealed the malleability of the brain for
adapting to changes in the sociocultural environment (Han et al., 2013; Kitayama et al., 2015;
Kitayama & Uskul, 2011). Indeed, cognitive processes that are heavily dependent on culturally
dependent knowledge structures are often rapid and implicit (van Gog & Scheiter, 2010). Thus,
measures obtained from EEG or fMRI may provide further validations of evidence relating to cultural
differences in VPL as these can capture relatively automatic or unconscious behaviour (van Gog &
Scheiter, 2010). Future research should thus advance the findings of the present thesis at the
functional neural level (e.g., Mayhew et al., 2013). The ERP waveform elicited by one trial type (easy
signal patterns) in the Glass (1969) pattern discrimination task can be subtracted from the waveform
of another trial type (difficult signal patterns) to eliminate concurrent brain processes that do not
differ between trial types. This methodology could reveal cross-cultural differences in the temporal
dynamics underlying perception and discrimination of global forms during VPL (Goto et al., 2013).
Similarly, neuroimaging techniques such as fMRI could provide more localised spatial information of

the observed effects to offer more substantial evidence of cultural differences in VPL.

Supplementing neurobiological evidence to support behavioural findings allow a more
comprehensive understanding of behaviour and psychological processes (Khan et al., 2017; Kim &
Sasaki, 2014). Indeed, the combination of cultural psychology and neurobiological perspectives can
provide compelling insight into how cultural environments and experiences interact dynamically
with human neural systems to shape cognitive processes such as perceptual learning (Ames & Fiske,
2010; Chiao & Ambady, 2007; Chiao et al., 2013; Costa & Sebastidn-Gallés, 2014; Galvan, 2010; Han

et al., 2013; Han & Ma, 2014, Li et al., 2014). Notably, Goh et al. (2013) observed that the ventral-
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visual and frontoparietal regions of the brain were implicated in cultural-related visual processing.
Activations in these brain regions were consistent with the behavioural difference in a visuospatial
judgement task. The faster RTs exhibited by East Asians compared to Westerners reflected the
relative ease of the task for the East Asian group. In contrast, Westerners exhibited greater
suppression of the default network and greater neural engagements within frontal, parietal, and
occipital regions in response to the challenging cognitive task, which may be incongruent with their
preferred thinking styles (also known as a culturally nonpreferred task). Therefore, the initial
evidence of Goh et al.’s (2013) study warrants further investigations to identify the cultural brain

regions involved in cognitive processes such as VPL.

The neural changes resulting from VPL remains widely debated as learning has been
proposed to alter early sensory processing (Adini et al., 2002; Teich & Qian, 2003), while others have
argued that it shapes the neural circuits of later decision-related processes (e.g., Dosher & Lu, 1999;
Jacobs, 2009; Law & Gold, 2008; Sigman et al., 2005). Further research is thus needed to reconcile
these findings, particularly in the context of culture. Indeed, the psychophysiological underpinnings
of cultural differences in VPL remains a relatively unexplored domain despite recognition of how
specific cultural systems can shape cognitive styles and influence VPL processes (see Chapters
3 and 5). Therefore, contemporary cultural neuroscience research that departs from mere
comparative behavioural studies are essential to uncover and understand the psychophysiological
similarities and differences that vary as a function of culture, especially when inconsistent
behavioural findings are observed (Kamienkowski et al., 2012). Exploring and understanding the
underlying neural and cognitive mechanisms can provide a detailed account of how people perceive
and learn new information (Gutchess et al., 2006). Furthermore, as discussed in Section 7.3.3,
neuroscientific methods could also be used in conjunction with priming procedures to provide
insights into the dynamic influence of culture (Han & Ma, 2016; Lin et al., 2008). Advancements in
cultural neuroscience contribute novel insights into the dynamic nature of culture and its

changeability in response to situational and contextual factors (Christopoulos & Hong, 2013).
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7.4.6 Cultural Influences in Varying Task Domains

As demonstrated in the present thesis, the behavioural differences observed for tasks with
varying perceptual field variables demonstrate the importance of using appropriate experimental
designs to examine cultural differences in VPL (see Chapters 3 and 5). A cautious approach is needed
when interpreting the implication of global perceptual biases on higher-order cognitive functioning
(Gao et al., 2011). For example, inconsistencies in findings could reflect motivational differences or
general awareness rather than differences in attentional processing (Chamberlain et al., 2017). It is
thus important to ensure that the tasks used are indicative of the perceptual organisational and
learning processes that vary as a function of culture. Indeed, the outcomes of the experiments in the
thesis have revealed that the GPE is not universal nor absolute (Dale & Arnell, 2014). Task
parameters were manipulated to alter the saliency of global forms to compel participants to engage
in global processing (Dale & Arnell, 2014). Cultural differences that manifest despite the GPE would
provide evidence of the prevailing influence of culture on perceptual processing and learning (Poirel
et al., 2008; Mills & Dodd, 2014; Flevaris et al., 2011). As predicted, micro and macro level cultural
influences were observed to differentially operate on VPL depending on the task domains, thereby
highlighting the importance of task and stimuli selection to achieve research aims and objectives

(Alotaibi et al., 2014; Ueda et al., 2018).

The stimuli used in different tasks could facilitate the GPE and how it manifests (Poirel et al.,
2008; Rezvani et al., 2020). To illustrate, the accuracy and RTs induced by the GPE could reveal
analytic or holistic processing tendencies (Mills & Dodd, 2014; Navon, 1977). Faster RTs to local
targets suggest more analytic processing, while longer RTs reflect wider attentional spread and
holistic processing (Alotaibi et al., 2017; Boduroglu & Shah, 2017; Lawrence et al., 2020; McKone et
al., 2010). In the same way, divergences in the GPE can stem from the meaningfulness of targets
(Poirel et al., 2008). Familiar stimuli such as objects and letters, compared to unfamiliar non-objects,
can activate semantic knowledge and pre-existing representations to increase RTs. In contrast, non-

objects that carried no meaning did not impact RTs. Drawing on this, the lack of semantic meaning
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associated with the Glass (1969) patterns and the Ndjuka symbols in the SLT was thus a critical
experimental feature in the present thesis. The neutrality of the stimuli minimises the confounding
effects of familiarity and offers impartial evidence of VPL differences across cultures. Furthermore, it
reconciles some of the conflicting findings in previous research where cultural differences may not
manifest due to incompatible experimental designs (e.g., Evans et al., 2009; Hakim et al., 2017,
Rayner et al., 2007). Indeed, perceptual field variables related to the nature of stimuli such as size,
type, congruency, relevance, and spatial frequency can differentially impact information processing
(Rezvani et al., 2020). Therefore, careful consideration of the experimental design is needed to

address the inconsistency of previous cross-cultural evidence.

Future studies should also identify if the provision of feedback during VPL induces a
convergence of performance between cultural groups. Although external feedback is not essential
for the occurrence of VPL (Fahle et al., 1995), feedback provisions may result in the divergence of
participants’ perceptual performance due to variations in information detection and learning
capacity (Withagen & van Wermeskerken, 2009). Both individualists and collectivists are expected to
improve after receiving feedback; however, collectivists are hypothesised to improve faster than
individualists as they are more likely to be quicker at identifying the specifying information within
the stimuli. It is also important to note that the difference in processing strategies between the two
groups of participants may only be apparent when their knowledge of the stimuli is subsequently
tested in a pretest-training-posttest experimental paradigm (Amer et al., 2017). Feedback
interventions should thus be further examined within the cross-cultural context to reveal how and if

feedback can reduce response biases and performance variance (Liu et al., 2014a, 2014b).

To summarise, stimuli and task parameters can be altered to assess the processing strategies
that people from different cultures adopt under varying experimental conditions (Dale & Arnell,
2014). The present thesis demonstrates that cultural differences in global and holistic processing

strategies can manifest despite the GPE under varying task and stimuli parameters (Dale & Arnell,
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2014). The Glass (1969) pattern discrimination task implicated the differentiation mechanism of VPL,
while the symbol SLT (Wang et al., 2017) implicated the unitisation mechanism. Although both
mechanisms assess distinct mechanisms, each revealed unique evidence of the dynamic multilevel

influence of culture on VPL within varying contexts despite the GPE.

7.5 Conclusion

The present thesis employed a multilevel framework that considers macro and micro levels
of culture to investigate how cross-cultural differences in global processing can impact VPL.
Hofstede’s (1980, 2001, 2011) individualism-collectivism constructs characterised culture at the
macro level, while social orientations (Markus & Kitayama, 1991; Singelis, 1994) characterised
culture at the individual level. Collectively, the present thesis has provided compelling evidence of
how VPL can vary as a function of culture during differentiation and unitisation. Notably, these
cultural differences manifested despite the common global advantage typically observed in the
population as stipulated by the GPE, thereby revealing the dominant influence of culture on VPL
processes (Mills & Dodd, 2014; Navon, 1977; Rezvani et al., 2020). Therefore, the present thesis has
provided a substantial foundation of knowledge that considers both macro and micro levels of
culture to account for variances in VPL abilities within diverse task domains. Specifically, (1) the use
of a multilevel framework, (2) the use of global tasks which implicate two distinct mechanisms of
VPL, and (3) the framing of culture as a dynamic construct that can be situationally induced, has

contributed novel and intriguing evidence to the literature on culture and cognition.

The differential macro and micro cultural influences on VPL do have some limitations that
must be acknowledged. Although the prominent influence of the independent and interdependent
individual level constructs has been observed throughout the thesis, the findings are constrained by
limitations such as inconsistent reliabilities and poor sensitivity in the SCS (Singelis, 1994). As such,
the use of more recent and validated individual-level cultural measures is needed. Furthermore, as

the influence of individualism and collectivism was only observed during the differentiation process



234

of VPL, there is a need for a more in-depth exploration of the nuances of culture and how the macro-
micro levels operate dynamically under varying task conditions and upon distinct cognitive
processes. Indeed, the individualism-collectivism constructs (Hofstede, 1980) describe conceptually
unique group characteristics that may not necessarily correlate at the individual level (Na et al.,
2020). Additionally, global cultural and societal shifts could induce homogeneity in the individualism-
collectivism values that people hold, thereby attenuating any effects of culture at the macro level. It
is thus important to move beyond student samples and consider alternative macro level features

that may be more representative of VPL differences across cultures.

Taken together, the rapid growth of cross-border movement across the globe alongside its
associated transformations presents an exciting avenue for future research (Luo, 2016), especially
from the cultural neuroscience perspective (see Chapter 6). Future research should investigate
alternative macro and micro cultural features that dynamically influence how people detect and
process information under varying task conditions during training (Jacobs et al., 2011; Rop &
Withagen, 2014; van der Kamp et al., 2013). From a theoretical perspective, the integrative
multilevel framework provides a holistic view of the dynamic and reciprocal relationship that exists
between macro and micro cultural systems and how it can inform VPL trajectories (Brandt et al.,
2014; Briley et al., 2014; Erez & Gati, 2004; Hong et al., 2000; Kashima et al., 2019; Sedikides et al.,
2011; Wong et al., 2008; Xi et al., 2018). At the practical level, the outcomes of the present thesis
revealed how people from different cultural backgrounds acquire visual skills that help reduce
perceptual uncertainty in an informationally dense visual field (Frangou et al., 2019; Hansen et al.,
2012; Jia et al., 2018; Lu et al., 2011; Mayhew et al., 2012; Pylyshyn, 1999; Sagi, 2011). Indeed, the
focus of the investigation on global processing during VPL reflects a representation of reality
whereby the human visual system is regularly exposed to an abundance of information. As such, the
cross-cultural findings in this and future studies could be used to address learning disparities, inform

inclusive training initiatives, and ensure equitable opportunities for all.
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Cullural differences in visual perceptual learning (VPL) could be attributed to differences in the way that people from
individualistic and collectivistic cultures preferentially attend to local objects (analytic) or global contexts (holistic).
Indeed, individuals from different cultural backgrounds can adopt distinct processing styles and learn to differentially
construct meaning from the environment. Therefore, the present work investigates if cross-cultural differences in VPL
can vary as a function of holistic processing. A shape discrimination task was used to investigate whether the individ-
ualistic versus collectivistic backgrounds of individuals affected the detection of global shapes embedded in cluttered
backgrounds. Seventy-seven participants—including Asian (collectivistic background) and European (individualistic
background) students—were trained to discriminate between radial and concentric patterns. Singelis’s self-construal scale
was also used to assess whether differences in learning could be attributed to independent or interdependent self-construal.
Results showed that collectivists had faster learning rates and better accuracy performance than individualists follow-
ing training—thereby reflecting their tendency to attend holistically when learning to extract global forms. Further,
we observed a negative association between independent self-construal—which has previously been linked to analytic

processing—with performance. This study provides insight into how socio-cultural backgrounds affect VPL.

Keywords: Culture; Self-construal; Visual learning: Perception; Glass patterns.

Visual perceptual learning (VPL) refers to the acquisition
of visual skills through training to improve our ability
to detect useful information in cluttered scenes (Dosher
& Lu, 2017). Indeed, the perceptual experiences gained
through training allows individuals to perform an initially
difficult visual task relatively precisely (Gerlach & Star-
rfelt, 2018; Liu & Luo, 2019; Mayhew et al., 2012). The
extensive literature on VPL has evidenced improvements
in numerous tasks such as orientation discrimination,
phase identifications, pattern discrimination and object
identification following training (Dosher & Lu, 2017,
Gerlach & Starrfelt, 2018; Liu & Luo, 2019; Mayhew
et al., 2012; Mollon et al., 2017). Cumulatively, these
studies have reported considerable evidence of individual
differences in VPL. However, cross-cultural differences

in VPL and how VPL could vary as a function of dif-
ferential processing styles across cultures remains largely
unexplored. Furthermore, since it is difficult to detach
VPL processes from attentional mechanisms (Dosher &
Lu, 2017), people may develop differential visual learn-
ing and perceptual strategies based on the attentional or
processing styles dominant in their culture (van der Kamp
etal., 2013).

Sustained exposure to cultural systems (as defined by
frameworks such as individualism and collectivism or
independent and interdependent self-construals) could
influence how people attend to or process informational
variables from the environment (Blais et al., 2021;
Caparos et al., 2020; Davidoff et al., 2008). For instance,
individualism and independent self-construals which
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are widespread in Western cultures, as well as collec-
tivism and interdependence in Eastern cultures have
been associated with analytic and holistic processing
styles, respectively (Choi et al., 2007). These processing
differences have been evidenced in how people from
different cultural backgrounds detect visual changes or
make categorical judgements (Boduroglu et al., 2009;
Boduroglu & Shah, 2017; Hedden et al., 2008; Nisbett
et al., 2001). Specifically, the individualism—collectivism
framework has been used as a general descriptor of
Western and Eastern cultures at national or group levels
(Oyserman et al., 2002), while at the individual level,
culture can be conceptualised by independent or interde-
pendent self-construals (Singelis, 1994). Notably, these
individual- and group-level cultural frameworks can be
linked to differential distributions of attention (Choi
et al., 2007).

To illustrate, the emphasis on individualism and
independence in Western societies such as those in
Europe have been linked to analytic thinking styles and
more localised attentional patterns towards focal objects
(Boduroglu et al., 2009; Boduroglu & Shah, 2017; Choi
etal.,2007; Nisbett et al., 2001). In contrast, the emphasis
on collectivism and interdependence in Eastern societies
such as those in Southeast Asia have been associated with
more holistic thinking styles and broader distributions
of attention towards objects as well as the context in
which the object is embedded (Jenkins et al., 2010;
Nisbett et al., 2001). As an example, the persistent effect
of cultural differences in attention towards irrelevant
contextual information among East Asians (but not in
Westerners) has clearly evidenced their tendency for
holistic processing and a global attentional bias (Amer
et al., 2017). Furthermore, there is also extensive empiri-
cal research evidence that further illustrates the influence
of cultural-specific patterns of analytic and holistic
processing (e.g., Boduroglu et al., 2009; Boduroglu
& Shah, 2017; Choi et al., 2007; Jenkins et al., 2010;
Nisbett et al., 2001). Given that VPL improves our ability
to detect useful information in cluttered scenes (Dosher
& Lu, 2017), cultural differences in the selection of
relevant sensory information during analytic and holistic
processing could similarly facilitate VPL processes.

During VPL, individuals learn to attend to the key
visual features for interpreting a scene while ignoring
ambiguous information (Dosher & Lu, 2017; Gerlach &
Starrfelt, 2018; Liu & Luo, 2019; Mayhew et al., 2012;
Mollon et al., 2017). However, following initial exposure
to the visual stimuli, individuals from different cultural
groups could first detect either local or global informa-
tional variables consistent with the analytic or holistic
processing styles prevalent in their cultures (Boduroglu &
Shah, 2017; Jenkins et al., 2010; Nisbett et al., 2001). For
instance, East Asians—due to their increased tendency
for global processing—were reported to be more sus-
ceptible to global illusory biases compared to Westerners

(van der Kamp et al., 2013). This cultural difference fur-
ther diverged as Westerners were significantly quicker
than their East Asian counterparts at identifying the use-
ful informational variables following feedback (van der
Kamp etal., 2013). Nevertheless, performance converged
post-training (van der Kamp et al., 2013), indicating
that although differential processing styles across cultures
may result in initially inaccurate perceptual judgements,
individuals could learn to shift their focus to key features
and improve performance through training.

van der Kamp et al’s (2013) study provides an
important foundation for advancing VPL research as
East Asians initially appeared less flexible in chang-
ing their use of informational variables following
feedback to reduce the illusory bias. It would thus
be compelling to examine differences in VPL as a
function of cultural differences in analytic and holis-
tic processing. Furthermore, like Amer et al.’s (2017)
study, van der Kamp et al. (2013) also did not assess
participants’ cultural inclinations. It would be use-
ful to expand the investigation to examine how the
individual-level ~ (e.g.,  independent-interdependent
self-construal) and group-level cultural constructs (e.g.,
individualism—collectivism) differentiating Western and
Eastern cultures can be associated with VPL processes.
To our knowledge, there is a lack of research on whether
and how differential analytic and holistic tendencies
across different cultures may influence VPL (e.g., van
der Kamp et al., 2013).

It is important to select tasks that fulfil research objec-
tives as cultural differences in information processing
may manifest differentially (Hedden et al., 2008). The
Glass (1969) pattern discrimination task is an example of
a visual categorisation task that requires holistic or global
processing to overcome sensory uncertainty (Mayhew
et al., 2012). Radial and concentric patterns are embed-
ded within noise in this task, and observers are required
to extract and integrate relevant features into global forms
to effectively discriminate the patterns. Observers learn
how to translate sensory inputs into meaningful cate-
gories despite the perceptual uncertainties induced by
noisy backgrounds (Mayhew et al., 2012). Therefore, they
are likely compelled to focus on the global rather than
local features of the stimuli during training. Notably, there
is evidence to suggest a common global advantage during
visual processing as stipulated by the global precedence
hypothesis (Gerlach & Starrfelt, 2018; Liu & Luo, 2019).
Despite this, it is estimated that the analytic and holis-
tic processing differentiations between cultures could still
impact how individuals perceive their environments and
learn (Blais et al., 2021; Caparos et al., 2020; Davidoff
etal., 2008; van der Kamp et al., 2013). The Glass (1969)
pattern discrimination task could thus provide impor-
tant evidence on the influence of culture on VPL as it
can reveal if cultural differences in task performance
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Figure 1. Self-construal of participants from individualistic and collec-
tivistic backgrounds. Note: The collectivistic group were more likely to
hold interdependent than independent self-construal, while the individ-
ualistic group were equally likely to hold independent or interdependent
self-construal although these differences were not significant.

Self-construal scale

Singelis’s (1994) 24-item SCS was used to identify
self-construal differences between the individuals of
both experimental groups. The SCS consisted of items
that measured participants’ independent self-construal
(e.g.. “I enjoy being unique and different from others in
many respects”) and interdependent self-construal (e.g.,
“I have respect for the authority figures with whom I
interact”). Responses were measured on 7-point Likert
scales which ranged from 1 (strongly disagree) to 7
(strongly agree). Each participant had two scores and
was assigned with having either independent or inter-
dependent self-construal depending on their scores in
cach subscale. Scores were calculated for each subscale
by summing up the responses and dividing the sum
by the number of questions in the subscale (n = 12).
Three participants with equal scores on both subscales
were excluded from this analysis as they could not be
categorised. Cronbach’s reliability (a) for the overall
scale was .732; Specifically, @ values for the 12 inde-
pendent and 12 interdependent items were .785 and
.665, respectively. Figure 1 shows that the individual-
istic group of participants were equally likely to hold
independent or interdependent self-construal, whereas
the collectivistic group appeared more likely to hold
interdependent self-construal. However, there was no
statistically significant association between the SCS and
background variables, y2 (1, n = 74) = 1.58, p = .209,
thus indicating that both individualist and collectivists
were equally likely to possess independent and inter-
dependent self-construal. Nevertheless, past studies
have similarly reported inconsistent findings between
independent and interdependent self-construal con-
structs (e.g., Na et al., 2019), and these can be attributed
to factors that will be detailed further in Discussion
section.

Stimuli

We used MATLAB 2015a in conjunction with
Psychtoolbox-3 for stimulus generation and presen-
tation. Participants were tasked with discriminating
radial and concentric Glass (1969) patterns (Frangou
etal., 2019; Mayhew et al., 2012) to identify the cultural
differences in perceptual learning processes. Specifically,
the discrimination task was adapted from (Mayhew
et al., 2012) experimental paradigm to assess how
observers learn to extract global shapes embedded in
cluttered backgrounds. Each stimulus consisted of pairs
of dots (2.3 2.3 arc minute?) or dot dipoles that were
aligned according to the specified spiral angle (signal
dipoles), displayed within a square aperture (7.9° X 7.9°)
against a black background (100% contrast). Dot den-
sity was set at 3%, and the distance between the dot
dipoles was 16.2 arc minute (Frangou et al., 2019).
The spiral angle for each dot dipole is characterised by
the angle between the dot dipole orientation and the
radius from the centre of the dipole to the centre of the
stimulus aperture (Frangou et al., 2019). Concentric
patterns were formed by tangentially placed dipoles,
while radial patterns were constructed by orthogonally
placed dipoles. In the present study, radial patterns
were generated using a spiral angle of +0° whereas
concentric patterns were generated using a spiral angle
of +90°. These patterns comprised of 35% or 40%
signal (i.e., aligned dot dipoles) and were embedded
in a background comprising of randomly positioned
and oriented dipoles. Patterns were rotated clockwise
or anticlockwise across trials in a randomised order
(see Figure 2). Spiral angles were jittered across stimuli
(+3°) to control for potential local adaptation and ensure
that participants would learn to discriminate global
shapes rather than just local features during stimulus
categorisation.

Participants completed a total of four experimental
runs. Each run constituted a total of 108 trials that were
randomised between two stimulus conditions (radial and
concentric). Each trial consisted of a 200-millisecond
stimulus presentation followed by a 1300-millisecond fix-
ation. A response cue then appeared for 1000 milliseconds
to prompt participants to identify the pattern by pressing
key “1” for radial patterns and key “2” for concentric pat-
terns. The fixation between stimulus presentation and the
response cue ensures that RTs are standardised across par-
ticipants and groups. A 500-millisecond fixation dot was
displayed on the screen before the next trial onset.

Procedure

Ethical approval was granted by the university’s research
ethics committee. Once informed consent was obtained,
participants completed the demographics and SCS
questionnaires. Participants were assigned to either the
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Figure 2. Example of radial and concentric Glass (1969) patterns. Note: The radial (top) and concentric (bottom) patterns are presented with inverted
contrast for illustration purposes. The stimulus prototypes with 100% signal are also shown for comparison purposes only. The signal-in-noise patterns

are generated with 37.5 +2.5% signal.

collectivistic or individualistic groups depending on
the demographic information provided. The computer
task began with an initial familiarisation phase which
consisted of 15 mock presentation trials. Participants
were shown an image of the sun (representative of radial
patterns) and an image of a target (representative of
concentric patterns) to allow them to familiarise them-
selves with the keypresses. Results were not recorded
during the familiarisation phase. Following this, partic-
ipants completed four experimental runs with breaks in
between each run. Response accuracy (number of correct
pattern identifications) and RTs for each participant was
recorded. Participants were debriefed upon completion
of the study.

Data analysis

The data, which met parametric assumptions, was anal-
ysed in four steps: first, an analysis was conducted to

test the hypothesis and identify if participants from
collectivistic backgrounds had greater response accuracy
compared to participants from individualistic back-
grounds across each run. The second analysis examined
cultural group differences in learning rates to substantiate
the findings of the preceding analysis. Learning rates
in the present study is defined as the slope of the linear
line fitted for accuracy across four runs. A third analysis
was then carried out to identify if group differences in
performance accuracy could be attributed to the inde-
pendent or interdependent self-construal categories that
participants adhered to. Three participants whose scores
were equal on both subscales were excluded from the
third analysis as these participants could not be classified
in either category. Lastly, a regression analysis revealed
if cultural background and SCS values were predictive of
overall accuracy and learning rates. Overall accuracy and
learning rates (slope) represent different learning indices;
the former reflects the general ability of participants to
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engage in global processing to support overall learning,
while the latter reflects the rate at which participants
learned to discriminate the patterns.

RESULTS

We first compared response accuracy between the indi-
vidualistic and collectivistic groups. A 2 (Background:
Individualistic or Collectivistic) X4 (Run: 1, 2, 3 and 4)
mixed-measures analysis of variance (ANOVA) showed
an interaction between background and runs (F(2.58,
193.72)=3.95,p = .013, rl[f =050, Greenhouse—Geisser
corrected), suggesting learning differences between the
individualistic and collectivistic groups. A main effect
of runs (F(2.58, 193.72) = 59.19, p<.001, :15 = 441,
Greenhouse—Geisser corrected) indicated that both
groups improved during training, while a main effect
of cultural background (F(1, 75) = 7.30, p = .009,
:1[2, =.089) indicated that individualistic and collectivistic
groups differed significantly in performance accuracy
(see Figure 3). Importantly, post-hoc 7 tests with multiple
comparison adjustments revealed that although both
groups initially exhibited similar accuracy performance
at Run 1 (p = .381) and Run 2 (p = .087), the collec-
tivistic group subsequently exhibited significantly better
performance than the individualistic group at Run 3
#t(75) = 9.59; p = .001; Cohen’s d = .756) and Run 4
(t(75) = 8.83; p = .005; Cohen’s d = .664). These results
suggest that the collectivist group had greater improve-
ments during training compared to the individualistic
group.

To explore the difference in improvement during train-
ing further, we examined cultural group differences in
learning rates (slope of accuracy across runs). A Welch’s ¢
test for unequal variances conducted on the learning rates
revealed a significant difference between the individual-
istic (M = 3.78; SD = 3.44) and collectivistic (M = 6.26;
SD = 4.72) groups, #(75) = 7.00; p = .011; Cohen’s
d = .600, where the collectivistic group exhibited higher
learning rates. These findings provide further validation
for the interaction reported for the ANOVA above and
illustrates the influence of culture on VPL. Indeed, the
absence cultural group differences in RTs across all runs
also suggest that the cultural variations in task perfor-
mance are not confounded by the effects of differential
response times (see Figure S1). It can thus be presumed
that the behavioural differences in accuracy performance
and learning rates can instead be attributed to cultural
group differences in global processing strategies.

The next analysis of participants’ responses on Sin-
gelis’s (1994) SCS revealed that more participants iden-
tified with an interdependent self-construal (n = 46)
than with an independent self-construal (n = 28), while
three participants identified equally to both categories.
A mixed-measures ANOVA revealed a non-significant

75.00

70.00

65.00

60.00

Response Accuracy (%)

55.00

50.00 = Individualistic
Collectivistic

45.00

i 2 3* 4%

Figure 3. Line graph of response accuracy between individualistic and
collectivistic groups. Note: Performance of the collectivistic (n = 37)
group were consistently better than the individualistic group (n = 40).
The “*’ symbol indicates a statistically significant difference between
both groups. Response accuracy data is presented in percentages. The
error bars represent standard errors.

interaction between self-construal and response accuracy
across four runs (p = .792), while the between-subjects
effect only approached significance (p =.091). A Welch’s
¢ test on learning rates also revealed no significant differ-
ence between the independent (M =4.43; SD =4.29) and
interdependent (M = 5.08; SD = 4.25) groups (p = .524).
Taken together, it appears that the SCS cannot be used
as dichotomous categories to explain cultural difference
in VPL. However, since independent and interdependent
SCS constructs can also be seen as continuous value
dimensions rather than categorical traits at the individual
level (Oyserman et al., 2002), people can adhere to both
values in varying degrees on a continuum. A regression
analysis was thus carried out to identify if variability in
independent and interdependent scores, used as continu-
ous rather than binary regressors, in addition to cultural
background could be associated with overall performance
and learning rates (see Figures 4 and 5).

For the first regression analysis, accuracy scores across
all runs were collated to determine overall accuracy.
Using the enter method, a multiple regression was run to
predict the variability in overall accuracy (M = 267.25;
SD = 43.36) using cultural background (individualis-
tic or collectivistic), as well as independent (M = 4.96;
SD = .808) and interdependent self-construal (M = 5.16;
SD = .637) as predictor variables for the model. The
assumptions relating to multicollinearity and indepen-
dence of observations were met. Together, the predic-
tor variables explained 17.2% (adjusted R?> = .172) of
the variability in overall accuracy. The overall associa-
tion between the predictor variables and accuracy per-
formance was significant, F(3, 76) = 6.28, p = .001.
Specifically, the individualistic (b = —=23.97; p = .011)
and independence (b = —18.32; p = .002) variables had
a significant and negative association with overall accu-
racy. Since both variables have been linked to analytic
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Figure 4. Scatterplot depicting the relationship between independence
SCS scores, cultural background and overall response accuracy. Note:
Individualistic cultural backgrounds and independence SCS scores were
significant and negative predictors of overall accuracy.
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Figure 5. Scatterplot depicting the relationship between interdepen-
dence SCS scores, cultural background and overall response accuracy.
Note: The positive association between interdependent scores with over-
all accuracy was not significant.

thinking (Choi et al., 2007), the lower predicted accu-
racy could be due to conflicting thought processes during
VPL of global patterns. Conversely, interdependent val-
ues that are linked to holistic thinking was, as anticipated,
positively associated with overall accuracy in the global
processing task although it was not a significant predictor
variable (b = 3.97; p = .585).

The second regression analysis on learning rates
revealed that the predictor variables explained 8.2%
(adjusted R* = .082) of the variability in learning rates,
F(3, 76) = 3.26, p = .026. However, only individ-
ualistic backgrounds had a significant and negative
association with learning rates (b = —=2.23; p = .021).
Singelis’s (1994) independence (b = —.635; p = .279)
and interdependence scores (b = .995; p = .188) did not
contribute significantly to this model. The inconsistent
predictive influence of independent self-construal on

CULTURE AND VISUAL PERCEPTUAL LEARNING 7

different learning indices, that is, overall accuracy and
learning rates, will be considered in Discussion section.

DISCUSSION

The present study aimed to identify the influence of cul-
ture on VPL using training on a shape discrimination
task. As hypothesised, the collectivistic group (Asian stu-
dents) had greater performance accuracy and faster learn-
ing rates in this discrimination task compared to the indi-
vidualistic group (European students). The greater learn-
ingrates and improvements in accuracy following training
suggest an increased sensitivity to global forms among the
collectivistic group despite the perceptual uncertainties
evoked by embedded noise in the stimuli. These findings
are in line with previous work in the area of cross-cultural
research suggesting that collectivists are more holistic and
attuned to the relationships between objects and events
in the environment (Boduroglu et al., 2009; Boduroglu &
Shah, 2017; Choi et al., 2007; Jenkins et al., 2010; Nisbett
et al., 2001). To our knowledge, this is the first study to
suggest cultural influences in VPL.

Interestingly, we observed cultural differences in VPL
despite the global precedence effect (Gerlach & Star-
rfelt, 2018; Liu & Luo, 2019). Although both groups
exhibited learning in the global pattern discrimination
task, the learning trajectory appeared to diverge, with
the collectivistic group showing greater accuracy by the
end of the task. The group differences in the perception
and learning of the global information in the shape dis-
crimination task provide support for the proposition that
Asians are more holistic (Jenkins et al., 2010; Nisbett
et al., 2001). In contrast, it is possible that the propen-
sity of Westerners to be more analytic and attentive to
local information made it more difficult for them to
improve in the perceptual learning task involving global
forms. Our findings suggest that the analytic-holistic
distinction between cultures influences VPL, particu-
larly in tasks involving perceptual uncertainties. Further-
more, our results indicate that the behavioural differ-
ences observed between groups distinguished by their
nationalities suggest that cultural influences may impact
cognitive and behavioural processes (Blais et al., 2021;
Caparos et al., 2020; Davidoff et al., 2008), although
further research is needed to examine the specific cul-
tural mechanisms underlying any differences in cognition
and behaviour. While the individualism and collectivism
dimensions are useful for cultural group analyses, it is also
important to consider an individual level of analysis to
examine the dynamic influence of cultural systems on an
individual’s cognition and behaviour (Taras et al., 2016).

A standardised individual-level measure accounts
for individual variations in goals, abilities, attitudes
and beliefs (Singelis, 1994). However, contrary to pre-
vious research (e.g., Hedden et al., 2008), we did not
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find significant cognitive or behavioural differences
between participants with independent or interdependent
self-construal as measured using Singelis’s (1994) SCS.
This could be due to limitations of the SCS and its
possible insensitivity in measuring cultural distinctions.
For instance, cross-cultural research participants are
often highly susceptible to confounding variables such
as socio-historical backgrounds, linguistic abilities, cog-
nitive abilities (e.g.. memory, attention) and ecological
differences (e.g., Hakim et al.. 2017). Alternatively, there
could be a deficiency of cultural influences at the indi-
vidual level on VPL abilities. The international sample,
for example, may have skewed the results of the present
study, as individuals who voluntarily immigrated may
have psychological affinities to the culture they chose
to live in (Morris et al., 2015). They may also amass
multiple cultural identities through their exposure to
varying sociocultural contexts (Morris et al., 2015). It
is thus important to be cautious when generalising and
interpreting contradictory evidence of cultural differences
in cognition and behaviour.

Indeed, despite the lack of individual-level differ-
ences when self-construal was used as dichotomous traits,
the regression outcomes for independence scores on the
SCS still serves as an intriguing foundation for expand-
ing research in this interdisciplinary domain of cul-
ture and VPL. For instance, independent self-construal,
when applied as a continuous variable, was predictive
of lower overall accuracy in the discrimination task.
As mentioned earlier, independent and interdependent
self-construal have been associated with distinct infor-
mation processing strategies (Choi et al., 2007; Lin &
Han, 2009; Nisbett et al., 2001). Therefore, indepen-
dence, which is linked to analytic thinking, could affect
the ways in which people perceive the global patterns
as reflected in overall accuracy performance following
training. However, independence was not predictive of
significantly slower learning rates. The difference in the
findings might have been observed because overall accu-
racy and learning rates represent different learning indices
where the latter considers performance fluctuations over
time. For example, group differences in learning rates
could perhaps be better explained by other cultural vari-
ables that were not measured in the present study (Mor-
ris et al., 2015). Nonetheless. the self-construal findings
should not be neglected as it would discount potentially
important cultural findings. Future studies could instead
employ further individual level differentiations such as
cognitive styles (Choi et al., 2007) that could be more
representative of individual-level cultural differences that
impact VPL processes.

Although clear patterns sometimes do not emerge in
cross-cultural research, individual-level analyses in future
research remain indispensable for examining the dynamic
nature of cultural systems (Na et al., 2019). For example,
although individuals usually have stronger inclinations

towards a specific cultural orientation to guide behaviours
and cognitions, these values can shift according to varying
social contexts (Grossmann & Jowhari, 2018; Kiihnen
& Oyserman, 2002). Consequently, there may be dis-
crepancies in cross-cultural studies due to the ambiguity
of which processes are susceptible to cultural influences
(e.g., Hakim et al., 2017). That is, an individual exposed
to different host cultures may develop seemingly conflict-
ing self-construal and cultural mental representations that
can be activated through primes to influence attentional
and perceptual processes (Morris et al., 2015). Indeed,
priming self-construal has previously been used to make
cultural inferences on behaviour and neural responses
(e.g., Lin & Han, 2009). Therefore, priming methodolo-
gies could be used in future studies to attribute cultural
values and VPL abilities (Morris et al., 2015).

Cultural differences in VPL remains a relatively unex-
plored domain despite the recognition of how exposure
to different cultural beliefs and social milieus can shape
behaviours, cognition and the brain’s functional organ-
isation (e.g., Han, 2015; Hedden et al., 2008; Park &
Huang, 2010). Our study adds to our knowledge of cul-
tural diversity, and research seeking further knowledge
and acceptance of cultural distinctiveness of cognition
and behaviours promotes equal learning opportunities
for all. Further research in this domain is essential to
reveal the nature of socio-cultural influences on percep-
tual learning and brain plasticity.

CONCLUSION

To our knowledge, the present study provides the first
compelling evidence of cross-cultural differences in
VPL. Culture mediates information processing (Blais
et al., 2021; Caparos et al., 2020; Davidoff et al., 2008);
and extending these findings to the VPL research domain,
our results demonstrate that cultural differences in global
processing can indeed affect learning. Despite the per-
ceptual uncertainties induced by noise in the global
patterns, the collectivistic group (Asian sample) showed
greater improvements in response accuracy in the per-
ceptual learning task compared to the individualistic
group (European sample). However, there was a lack
of differences at the individual level as represented by
independent and interdependent self-construal, suggest-
ing that further research employing priming procedures,
cognitive screening and neural measures are needed to
explore the dynamic multilevel influence of culture on
VPL. Nonetheless, our research offers novel insights
into the role of socio-cultural influences on our ability to
improve our perceptual decisions through training.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1: Reaction time differences between individualistic
and collectivistic groups across all runs.
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Appendix B

Approval of PhD Registration Extension

Lovain Hynes G
Mon 6/1/2020 10:05 AM

To: Stephanie Chua

Cc: Eirini Mavritsaki; Panagiotis Rentzelas: Maxine Lintern; BLSS Doctoral Research College

Dear all

Please see confirmed minute below from the FRDEC meeting held on 21 May 2020.

99.6  Stephanie Chua BFRDEC20.05.28

308

The Committee received and discussed the above application. Due to the nature of the changes to
the project the Commitiee approved an extension to the stipend payments, fee waiver and registration

for the maximum period of six months.
Should you have any queries please do not hesitate to contact me.
Kind regards

Lovain Hynes | Doctoral Research College Officer BLSS
Doctoral Research College

Research, Innovation, Enterprise, Employability (RIEE)
Birmingham City University

W bcu ac uki/research
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Appendix C

Respondents of Interest

Participant

Description

17 Chinese national lived in UK for 10 years
27 Chinese national lived in Australia for 6 years
181 Chinese national lived in UK for 14 years
191 Jordanian, born in Qatar
194 Chinese Taiwanese nationality born in Australia, never lived elsewhere
195 Chinese national, born in USA, lived in Hong Kong for 11 years
<Zt 214 Taiwanese national, born in Taiwan, lived in the US for 7 years
Z’ 218 No nationality, Asian origin.
- 282 Indian national, born in India but lived in the UK for 8 years
% 298 Japanese national, lived in the US for 2.5 years and China for 5 years
9 310 Pakistan national, born in Saudi Arabia, lived in Pakistan for only 7 months
5 315 Born in Pakistan, Pakistan nationality, lived in UK 11 years
338 Chinese national, born in China, lived in Singapore for 6 years
341 Singaporean national, lived in Malaysia 7 years, UEA 7 years, and Czech Republic
2 years
348 Taiwanese national, born in Taiwan, lived in the US for 8 years
353 Korean national, born in Korea, lived in the US for 7 years
356 Vietnamese born in Vietnam, lived in the US for 7 years
367 Indian national, born in Oman, lived in UAE for 5 years
381 Indonesian national, born in Indonesia, lived in Malaysia for 20 years
Participant Description
37 European, born in Denmark, lived in the UK for 10 years
38 British Canadian nationality, born in Canada, lived in the UK for 20 years
42 Born in Yemen, British nationality, lived in the UK for 12 years
45 European, born in Sweden, lived in the UK for 7 years
48 European, born in Spain, lived in the UK for 6 years
E 49 Mexico
E, 109 British national, born in HK, lived in the UK for 22 years
= 112 British Canadian nationality, born in Canada, lived in the UK for 21 years
‘j 114 European, born in Germany, lived in the UK for 19 years
g 117 Born in Turkey with Canadian nationality, lived in UAE for 3 years
g 130 Colombia
g 136 Born in Iraq, British nationality, lived in the UK for 18 years
137 Born in Malaysia, Finnish citizenship, lived in Finland 8 years
139 Hungarian, born in Hungary, lived in the UK for 6 years
164 Born in Saudi Arabia, with Canadian (17 years) and American Citizenship
165 Polish nationality, born in Poland, lived in the UK for 6 years
205 British, lived in UAE for 10 years
222 British Cypriot nationality, born in Cyprus, lived in the UK for 4 years
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224 Bulgarian, born in Bulgaria, lived in the UK for 6 years

226 Costa Rica

233 American national lived in HK 14 years

234 Born in Kenya, with British nationality, lived in Canada for 3 years

241 American lived in China 13 years

244 European, born in Italy, lived in Belgium for 15 years

245 American lived in China for 7 years

252 Born in India, Canadian national, lived in UAE for 18 years

256 Born in Pakistan, British nationality, never lived elsewhere

260 French British, born in France, lived in the UK for 22 years

267 New Zealander, born in New Zealand, lived in Australia for 10 years

270 German American dual nationality, lived in USA for 6 years

273 Born in Iraq, Swedish national. Lived in Sweden 23 years and 4 years in the UK

280 Russian, born in Kazakhstan

286 British national, born in the Philippines, but never lived elsewhere

287 Russian, born in Lithuania

291 European, born in Italy, lived in the Netherlands for 7 years

301 Russian nationality, born in Russia, lived in Germany for 8 years

318 Scottish nationality, born in the UK, lived in Jersey for 7 years

332 Italian and Canadian nationalities, born in Germany but never lived elsewhere

377 Born in Malaysia with British nationality, lived in the UK 5 years

Participant Description

44 South African, born in Angola

79 South African lived in the UK for 14 years, nationality NA

105 Born in Zimbabwe, lived in the UK for 14 years, nationality NA

106 Born in Yemen, lived in the UK for 8 years, nationality NA
" 116 Born in Pakistan, lived in the UK for 9 years, nationality NA
E 124 Filipino national, born in Australia, lived in the Philippines for only 5 months
5 128 Filipino national born in Canada, lived in the United States for 15 years
ﬂ'>f_5 129 South African national, born in South Africa, lived in Australia 20 years
g 159 Latvian and Dane dual nationality, born in Latvia, lived in China (2 years), Spain
Q9 (1 year), and Denmark (8 years)
'3; 202 Born in Singapore, British and German nationalities, lived in India 11 years, NZ 8
© years, and France for 7 months

255 Born in China, China and USA nationalities, lived in USA 16 years

299 European who lived in Indonesia for 6 years, nationality NA

308 Egyptian national, lived in the Netherlands for 8 years, and USA for 5 years

361 Born in China, Chinese Canadian, lived in Canada 16 years

376 Hong Kong and America dual citizen, lived in USA 7.5 years
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Appendix D

Demographics Profile

1. Age:
2. Gender:
0  Female
[ Male
[0  Prefer not to say
[J  Other:

3. Areyou currently living:
[0 Onyourown
[J  With housemates
[J At home with family (e.g., parents, siblings, grandparents, partner, children etc.)
[J  Other:

4. Were you born in the United Kingdom?
[l Yes
[l No

5. If you were not born in the United Kingdom, where were you born?

6. What is your nationality/nationalities?

7. Have you lived in another country other than the one you were born in for more than 6

months?
[l Yes
[l No

8. If you have you lived in another country for more than 6 months:
[ Where
[J  For how long

9. Primary language:

[J  English
[J  Spanish
[0 Chinese
\ Arabic
[0 Other:

10. If you are not a native English speaker:
[0 How long have you been speaking English: (years)

\ How confident are you about speaking English?
Not at all 1 2 3 4 5 Very




[0 What other languages do you speak?:

11. What is your primary ethnic identity?
A. Caucasian/ White

[J

U
U
U
U

British
European
Irish

Irish traveller
Other:

B. Black or Black British

U
U
U

Black or Black British - Caribbean
Black or Black British — African
Other:

C. Asian or Asian British

[J

U
U
U
U
U

Asian or Asian British - Indian
Asian or Asian British - Pakistani
Asian or Asian British - Bangladeshi
Chinese

Filipino

Other:

D. Multiple Ethnic Groups

[J

U
U
U

Mixed — White and Black Caribbean
Mixed — White and Black African
Mixed — White and Asian

Other:

E. Other Ethnic Group

0

[
0
0

Arab

Other:

Not Known
Prefer not to say

312
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Appendix E

Triandis and Gelfand’s (1998) Cultural Orientation Scale (COS)

Instructions: We are interested in how you feel about the following statements. There are 16 items in
this section. Please respond to every statement by dragging the slider to the value you most strongly
believe to be the case as far as you are concerned. This is a measure of personal belief: there are no
right or wrong answers. Thank you.

Your answers can range from 1 = Never/Definitely No to 9 = Always/Definitely Yes

Never/ Always/
Definitely No Definitely Yes

Horizontal individualism items:

1. I'd rather depend on myself than others.

2. I rely on myself most of the time; | rarely rely on others.

3. | often do "my own thing."

4. My personal identity, independent of others, is very important to me.

Vertical individualism items:

It is important that | do my job better than others.

Winning is everything.

Competition is the law of nature.

When another person does better than | do, | get tense and aroused.

PwnNPE

Horizontal collectivism items:

If a coworker gets a prize, | would feel proud.

The well-being of my coworkers is important to me.
To me, pleasure is spending time with others.

| feel good when | cooperate with others.

PwnNPE

Vertical collectivism items:

1. Parents and children must stay together as much as possible.

2. Itis my duty to take care of my family, even when | have to sacrifice what |
want.

3. Family members should stick together, no matter what sacrifices are required.

4. ltisimportant to me that | respect the decisions made by my groups.
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Appendix F

Singelis’ (1994) Self-Construal Scale

Instructions: We are interested in how you feel about the following statements. There are 24 items in
this questionnaire. Please read and respond each statement carefully. Please select the select the
answers you believe to be true rather than the one you think you should choose or the one you would
like to be true. There are no right or wrong answers. Thank you.

Your answers can range from 1 = Strongly Disagree to 7 = Strongly Agree

1 2 3 4 5 6 7
St‘rongly Disagree SoTnewhat Don t Agree  Somewhat Agree Strongly
Disagree Disagree or Disagree Agree Agree

Independent self-construal items:

=

| enjoy being unique and different from others in many respects.

| feel comfortable using someone’s first name soon after | meet them, even
when they are much older than I am.

I'd rather say “No” directly, than risk being misunderstood.

Having a lively imagination is important to me.

| prefer to be direct and forthright when dealing with people I've just met.
| am comfortable with being singled out for praise or rewards.

Speaking up during a class is not a problem for me.

| act the same way no matter who | am with.

| value being in good health above everything.

10 Being able to take care of myself is a primary concern for me.

11. My personal identity independent of others, is very important to me.

12. I am the same person at home that | am at school.

N

©oNOU AW

Interdependent self-construal items:

Even when | strongly disagree with group members, | avoid an argument.

| have respect for the authority figures with whom | interact.

| respect people who are modest about themselves.

| will sacrifice my self-interest for the benefit of the group | am in.

I should take into consideration my parents’ advice when making
education/career plans.

If my brother or sister fails, | feel responsible.

| often have the feeling that my relationships with others are more important
than my own accomplishments.

8. |l would offer my seat in a bus to my professor.

9. My happiness depends on the happiness of those around me.

10. | will stay in a group if they need me, even when I’'m not happy with the group.
11. Itis important to me to respect decisions made by the group.

12. It is important for me to maintain harmony within my group.

ukhwnNRE

No
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Appendix G

Choi et al.’s (2007) Analysis-Holism Scale

Instructions: We are interested in how you feel about the following statements. There are 24 items in
this questionnaire. Please respond to every statement by dragging the slider to the value you most
strongly believe to be the case as far as you're concerned.

Each item was rated on a scale ranging from 1 = Strongly Disagree to 7 = Strongly Agree

1 2 3 4 5 6 7
St'rongly Disagree Sotnewhat Don t Agree Somewhat Agree Strongly
Disagree Disagree or Disagree Agree Agree

Factor 1: Causality

PwnNE

Everything in the universe is somehow related to each other.

Nothing is unrelated.

Everything in the world is intertwined in a causal relationship.

Even a small change in any element of the universe can lead to significant
alterations in other elements.

Any phenomenon has numerous numbers of causes, although some of the
causes are not known.

Any phenomenon entails a numerous number of consequences, although some
of them may not be known.

Factor 2: Attitude Toward Contradictions

10.

11.
12.

It is more desirable to take the middle ground than go to extremes.

When disagreement exists among people, they should search for ways to
compromise and embrace everyone’s opinions.

It is more important to find a point of compromise than to debate who is
right/wrong, when one’s opinions conflict with other’s opinions.

It is desirable to be in harmony, rather than in discord, with others of different
opinions than one’s own.

Choosing a middle ground in an argument should be avoided.

We should avoid going to extremes.

Factor 3: Perception of Change

13.
14.

15.
16.

17.
18.

Every phenomenon in the world moves in predictable directions.

A person who is currently living a successful life will continue to stay

successful.

An individual who is currently honest will stay honest in the future.

If an event is moving toward a certain direction, it will continue to move toward
that direction.

Current situations can change at any time.

Future events are predictable based on present situations.
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Factor 4: Locus of Attention

19.
20.
21.
22.
23.

24,

The whole, rather than its parts, should be considered in order to understand a
phenomenon.

It is more important to pay attention to the whole than its parts.

The whole is greater than the sum of its parts.

It is more important to pay attention to the whole context rather than the
details.

It is not possible to understand the parts without considering the whole
picture.

We should consider the situation a person is faced with, as well as his/her
personality, in order to understand one’s behaviour.



317

Appendix H

Ethical Approval Letters

Figure H1

Ethical Approval Reference Number: Chua #011.18

BIRMINGHAM CITY

University

Faculty of Business, Law & 3ocial Sciences Research Office
Birmingham City University

Curzon Building

4 Cardigan Street

Birmingham

B4 7BD

BLSSethics@bcu.ac.uk

Monday 8 January 2020

Stephanie Chua Yoke Ping
Stephanie. Chua@mail.bou.ac. uk

Cear Stephanie,

Re: Chua #011.18e - Cultural Differences in Perceptual Learning
Thank you for your application for approval of amendments regarding the above study. I am happy to take Chair's
Action and approve the amendments which means you may continua your research,

I can also confirm that any person participating in the project is covered under the University’s insurance
arrangements,

Flease note that athics approval only covers your activity as it has been detziled in vour ethics application. If vou
wish to make any changes to the activity, then you must submit an Amendment application for approval of the
proposad changes.

Examples of changes include (but are not limited to) adding a new study site, a new method of participant
recruitment, adding a new method of data collection andfor change of Project Lead.

Flease also note that the Committee should be notified of any sericus adverse effects arising as a result of this
activity.

If for any reason the Committes fesls that the activity is no longer ethically sound, it reserves the right to
withdraw its approval. In the unlikely svent of issues arising which would lead to this, you will be consulted.

Keep a copy of this letter along with the corresponding application for your records as evidence of
approval.

If you have any queries, please contact BLSSethicsi@bou.acuk
I wish you every success with your activity.
YWours Sincerely,

o

Kyle Brown

On behalf of the Faculty Academic Ethics Committee
Business, Law & Social Sciences
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Figure H2

Ethical Approval Reference Number: PSY_BSc_OCT17_001

BIRMINGHAM CITY

University

3" October 2017

Ee: Cultural Differences in Perception and Learning (158 CHU DEC16)
APPLICATION REFERENCE: PSY_BSc_OCT17_001

Diear Staphania,

Thank vou for applying to the Departmental Kesaarch Ethies Committes with details of vour
propesed study. Az a result of the review process it has been concludad that your study mestz our
guidslines.

Ethical Approval of vour study is therefore granted. Please procesd to collact vour data whan
raadv. Pleaze note the new updated referance mumber for your application.

Best Wishes,

Dr Emma Bridger
Psvchology Department Razearch Fthies Commirttes Char
.{1.{-' e

Dr Evle Brown
BLES Faculty Ethies Comrmittes Chair
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Figure H3

Ethical Approval Reference Number: Chua/#7658/sub2/R(A)/2020/Dec/BLSS FAEC

BIRMINGHAM CITY

University

Faculty of Business, Law & Social Sciences Research Office

Curzon Building, 4 Cardigan Street

Bt

B4 7BD

BLSSethics@beu ac uk,

16/Dec/2020

Miss Stephanie Yoke Ping Chua
hanie.ch il beu.ac.uk

Re: Chua /#7658 /sub2 /R(A) /2020 /Dec /BLSS FAEC - Cultural Differences In Visual Perceptual Learning - Serial Reaction Time Task [Online Experiment]

Dear Stephanie Yoke Ping,

Thank you for your application and documentation regarding the above activity. I am pleased to take Chair’s Action and approve this activity.

Provided that you are granted Permission of Access by relevant parties ( ing requi as laid out by them), you may begin your activity.

I can also confirm that any person participating in the project is covered under the University’s insurance arrangements.

Please note that ethics approval only covers your activity as it has been detailed in your ethics application. If you wish to make any changes to the activity, then you must
submit an Amendment application for approval of the proposed changes.

Examples of changes include (but are not limited to) adding a new study site, a new method of participant recruitment, adding a new method of data collection and/or
change of Project Lead.

Please also note that the Business, Law and Social Sciences Faculty Academic Ethics Committee should be notified of any serious adverse effects arising as a result of
this activity.

If for any reason the Committee feels that the activity is no longer ethically sound, it reserves the right to withdraw its approval. In the unlikely event of issues anising
which would kead to this, you will be consulted.

Keep a copy of this letter along with the corresponding application for your records as evidence of approval.
If you have any queries, please contact BLSSethics@beu.ac.uk;

1 wish you every success with your activity.

Yours Sincerely,

Dr. Kyke Brown

On behalf of the Business, Law and Social Sciences Faculty Academic Ethics Committee
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Figure H4

Ethical Approval Reference Number: Chua/1877/R(A)/2019/Mar/BLSS FAEC

BIRMINGHAM CITY

University

Faculty of Business, Law & Social Sciences Research Office
Curzon Building, 4 Cardigan Street

Bimnirgham

B47BD

BLSSethics@beu.ac uk;
22Mar2019

Miss Stephanie Yoke Ping Chua

stephanie.chua@mail beu.ac uk

Re: Chua /1877 /R(A) /2019 /Mar /BLSS FAEC - Cultural Differences in Visual Perceptual Leaming

Dear Siephanie Yoke Ping,

Thank you for yourapplication and d ) fing the above activity. | am pleased 1o take Chair’s Action and approve this activity,

k] o

Provided that you are granted Permission of Access by relevant parties (meeting requirements as laid out by them), you may begin your activity.
Icanalso confirm that any person participating in the project is covered under the University’s insurance arangements,

Please note that ethics approval only covers your activity as it has been detailed in your ethics application. If you wish to make any changes to the activity, then you must
submit an Amendment application for approval of the proposed changes.

Examples of changes include (but are not limited o) adding a new study site, a new method of participant recruitment, adding a new method of data collection and‘or
change of Project Lead.

Please also note that the Business, Law and Social Sciences Faculty Academic Ethics Commitiee should be notified of any serious adverse effects arising as a result of
this activity.

If for any reason the Committee feels that the activity is no longer ethically sound, it reserves the right to withdraw itsapproval. In the unlikely event of issues ansing
whichwould lead 1o this, you will be consulted.

Keep a copy of this letter along with the corresponding application for your records as evidence of approval.
If you have any quernies, please contact BLSSethics@beu ac.uk;

T'wish you every success with your activity,

Yours Sincerely,

Dr.Kyle Brown

On behalf of the Business, Law and Social Sci Faculty Academic Ethics C
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Appendix |

Participant Information Sheet

Differences in Perception and Learning
Researcher: Stephanie Yoke Ping Chua
Supervisors: Prof. Eirini Mavritsaki, Dr. Panogiotis Rentzelas, Prof. Maxine Lintern, & Prof. Zoe Kourtzi

What is the purpose of this research?

The main research is looking to investigate the distinctiveness and universality of learning processes.
This questionnaire is a preliminary study which aims to identify the most suitable scale which can be
used to measure values and beliefs. The outcomes of this will inform the researchers the scale which
will be used in future studies to study the main research question.

What does taking part involve?
You will complete a demographics profile followed by a 3-part questionnaire about your thoughts
and behaviours in varying situations. You may withdraw at any time if you feel uncomfortable.

How long will the study last?
The questionnaire will take about 20 minutes to complete.

What are the risks in taking part?

You will be looking at computer screens for at least 20 minutes. Therefore, you are advised to refrain
from taking part in the experiment if you cannot look at computer screens for long periods of time.
You can withdraw at any time during the course of the research. This project has been approved by
the BCU Research Ethics Committee.

What are the benefits of taking part?

There will be no direct benefits of taking part in this study. However, the data you have provided in
this research could be used to promote understanding and acceptance of individual distinctiveness
in cognition and behaviours to encourage equal educational success within learning environments.

Who else will know you are taking part?

Only the researchers will be aware of your participation in this research. All the information you
provide will be anonymised and kept private and confidential. All forms which could potentially
identify you as a participant will be kept separately from the data and stored securely. The data
collected will be analysed and reported collectively as a group.

What if you change your mind?
You have the right to withdraw at any time. It is completely voluntary and of your own decision. You
will not be penalised or unfairly treated whether you agree to participate or not.

Who should you contact for more information?

Please contact Stephanie Chua - Stephanie.Chua@mail.bcu.ac.uk

You may also contact the project supervisors, Prof Eirini Mavritsaki (Eirini.Mavritsaki@bcu.ac.uk) or
Dr Panagiotis Rentzelas (Panagiotis.Rentzelas@bcu.ac.uk)

If you are unhappy at any point in the study, or if there is a problem, you may contact the Faculty of
Business, Law & Social Sciences ethics committee directly: blssethics@bcu.ac.uk
Thank you very much for taking the time to read this information.
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Appendix J

Participant Consent Form

7 BIRMINGHAM CITY

3 University

Differences in Perception and Learning

Researcher: Stephanie Yoke Ping Chua
Supervisors: Prof. Eirini Mavritsaki, Dr. Panogiotis Rentzelas, Prof. Maxine Lintern, & Prof. Zoe Kourtzi

Prior to the study, it is required that you provide written consent to indicate your willing participation.
By signing below, you are agreeing that:

(1)  You have read and understood the participation information sheet which describes the
present study.

(2)  You understand that your participation in the study is voluntary (without coercion) and
you have the right to withdraw from the study at any point without providing any
explanations.

(3)  You understand that you can withdraw any or all of the information collected from the
study at any time.

(4)  You consent for your data to be shared (for research purposes only) with any
funding/awarding bodies, academic institutions or academic publishers that support this
research.

(5)  You consent for your personal data, including sex, age, marital status, ethnic origin,
religion/belief to be used in the context of this research only.

(6)  You have been provided with the contact details of the researcher should you require
further information or clarification regarding the study.

(7)  You understand that all the data collected from this study is anonymized and stored on a
secure password-protected drive. You also understand that all the information collected
will be used solely for research purposes.

Please create a unique participant code using:
(a) the first two letters of your last name
(b) the last three digits of your mobile number

Please fill in your unique code below to indicate your willing participation in this study.




323

Appendix K

Debrief Sheet

Cultural Differences in Perceptual Learning

This questionnaire is a preliminary study which aims to identify the most suitable scale which can be
used to measure cultural values in Birmingham City University. The outcomes of this will inform the
researchers which scale responses best corresponds to the participant’s background of being either
a British/EU citizen or an international student. Therefore, the most suitable scale will be used in
future studies on cultural differences in learning.

If this questionnaire has made you realized that you require additional advice and support for your
well-being, you can contact the ASK Enquiry Service at Birmingham City University.

Telephone 101213317777

Address : The Curzon Building Level 1, 4 Cardigan Street, Birmingham, B4 7BD.

As mentioned in the information sheet, an analysis will be conducted collectively on all the data
collected. You can withdraw any or all information you have provided at any time. You will not be
penalised or unfairly treated whether you agree to participate or not. Please contact the researchers
using the contact details below should you wish to withdraw, and your data will be promptly
omitted from analysis.

If you have any further questions, please feel free to contact the researchers:
Stephanie.Chua@mail.bcu.ac.uk
Eirini.Mavritsaki@bcu.ac.uk
Panagiotis.Renztelas@bcu.ac.uk

If you have any problems related to the study, you may also contact blssethics@bcu.ac.uk

Thank you for your time and participation in this study.
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Appendix L

Mandarin Chinese Translation of the Complete Questionnaire

Appendix L1

Participant Information Sheet

ZhHEREFERER
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Appendix L2

Participant Consent Form
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Appendix L3

Demographics Profile
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Triandis and Gelfand’s (1998) Cultural Orientation Scale
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Singelis’(1994) Self-Construal Scale

SINGELIS (1994)
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Choi et al.’s (2007) Analysis-Holism Scale
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Appendix L7

Debrief Sheet
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Appendix M

Comparison of Cronbach’s Alpha Reliabilities Between Scales Completed in English by the Asian or Collectivistic Groups vs Mandarin Translations of the

Scales
Scale Sub-Scale E(nglii:: Zf;f:;)n ( ColiI:: gcltlf\:s\t/li rzii:):up) Mandarin Translation
Overall (16-items) .762 744 .799
Horizontal Individualism (HI) 752 .746 .651
CcoS Vertical Individualism (V1) .660 .691 .648
Horizontal Collectivism (HC) .699 .698 .509
Vertical Collectivism (VC) .749 .702 .756
Individualism (Sum of HI and VI) .755 .753 .679
Alternative COS Collectivism (Sum of HC and VC) .795 776 .781
Overall (24-items) 774 .767 .750
SCS Independence .700 712 .730
Interdependence 747 .749 .812
Overall (24-items) .665 .641 .540
Causality .698 .577 .871
AHS Contradiction .578 .558 .505
Change Perception .651 .635 .689

Locus of Attention 734 .733 .677
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Appendix N

Chapter 2 Exploratory Analysis Comparing Macro Group Level Scores on the SCS, COS, and AHS

Group differences in adherence to values related to cultural orientations, independent and
interdependent self-construal, and holistic thinking will be explored further here. However, due to
the lack of measurement equivalence identified in Chapter 2 for the different instruments, any
significant outcomes should be interpreted cautiously as extraneous factors (e.g., misinterpretation

of items between cultural groups) could impact the comparability of findings (Boer et al., 2018).

Analysis based on the Asian vs Western (Geographical Regions) Macro Level Group Distinctions

The analyses carried out in this section is focused on macro level group comparisons based
on geographical regions (Asian and Western cultural backgrounds). Categorising participants based
on geographical distinctions can be oversimplistic as it neglects key cultural features of nations
beyond their locations (Goodwin et al., 2020; Van De Vijver & Leung, 2000; Vignoles et al., 2016).
Furthermore, as discussed in Chapters 1 and 2, some participants could not be categorised due to

factors like multiple nationalities.

Figure N1

Cultural Orientations of Asian and Western Respondents on the COS
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Note. Both Asians (n = 129) and Westerners (n = 176) were equally likely to adhere to the four

different cultural orientations
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Cultural Orientation Scale. Based on the sample of Asian and Western respondents who
completed the COS, there was no statistically significant association between the COS and
background variables, X? (3, N = 305) = 5.38, p = .146, thus indicating that both Asians and
Westerners were equally likely to adhere to the four different cultural orientations (see Figure N1).
Amongst the Asian and Western respondents, 40 could not be categorised on the four cultural
dimensions of the COS. Therefore, the four dimensions were condensed into individualism and
collectivism dimensions which increased the sample size from 305 to 336 respondents (nine
respondents could not be categorised). There was a statistically significant association between the
alternative COS categories and background variables, x? (1, N = 336) = 12.60, p < .001. Interestingly,
as seen in Figure N2 below, although both Asians and Westerners were equally likely to be

individualistic, Westerners were more likely to be collectivistic as indicated by the COS.

Figure N2

Alternative Cultural Orientations of Asian and Western Respondents on the COS
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Note. Although both Asians (n = 138) and Westerners (n = 198) were equally likely to be

individualistic, Westerners were more likely to be collectivistic as indicated by the COS.

To further expand on this finding, a t-test comparing the COS individualism and COS
collectivism scores of Asian and Western respondents revealed a significant effect of background on
COS individualism scores, t(343) = 2.91, p =.004, d = .316, as well as the COS collectivism scores,
t(264.65) = -1.99, p = .047, d = .222 (equal variances not assumed). As seen in Figure N3, Asian
respondents (M = 51.25; SD = 9.36) scored higher than Western respondents (M = 48.40; SD = 8.69)
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on the individualism subscale, while Western respondents (M = 53.48; SD = 7.97) had greater
collectivism scores than the Asian respondents (M = 51.51; SD = 9.70). The effect sizes were small.

Levene’s test for equality of variances was violated for the collectivism scores.

Taken together, the findings on the COS indicate a cultural shift whereby previous
assumptions that nations in the West are typically more individualistic may no longer be an accurate
representation of Western cultures. For example, Hakim et al. (2017) identified similar patterns of
findings where Easterners in their sample scored higher on the individualism dimensions and lower
on the collectivism dimensions. It thus appears that the impact of globalisation and shifts in shared
values structures within different contexts (e.g., home, workplaces, etc.) could change the values

and beliefs that individuals may hold (Chen et al., 2018, 2020).

Figure N3

Cultural Orientations Differences between Asian and Western Respondents on the COS
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Note. Asian respondents (n = 142) had significantly higher COS individualism scores than Western
respondents (n = 203). In contrast, Western respondents had significantly higher COS collectivism

scores than Asian respondents. Error bars represent standard errors.

Self-Construal Scale. Figure N4 shows that both the Asian and Western respondents were
equally likely to hold independent or interdependent self-construal as measured using the SCS.
There was no statistically significant association between the SCS and background variables, % (1, N

=335) =.991, p =.320, thus indicating that Asians and Westerners were equally likely to possess
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independent and interdependent self-construal. Nine participants with equal scores on both

subscales were excluded from this analysis.

Figure N4

Self-Construal Categories of Asian and Western Respondents on the SCS
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Note. Both Asians (n = 137) and Westerners (n = 198) were equally likely to hold independent or

interdependent self-construal as measured using the SCS.

A t-test on all respondents who completed the SCS (including those who could not be
categorised) revealed a significant effect of background on interdependence scores as measured by
the SCS, t(257.56) = 2.45, p = .015, d = .273 (equal variances not assumed). The effect size was small.
As seen in Figure N5, Asian respondents (M = 4.95; SD = .722; n = 140) scored higher on the
interdependence subscale than Western respondents (M = 4.77; SD = .587; n = 204). Assumptions of
normality were met, although Levene’s test for equality of variances was violated for the

interdependence scores.
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Figure N5
Visualisation of the Self-Construal Differences between Asian (n = 140) and Western (n = 204)
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Note. Asian respondents (n = 140) had significantly higher SCS interdependence scores than Western
respondents (n = 204). There were no group differences in SCS independence scores. Error bars

represent standard errors.

Analysis-Holism Scale. A t-test revealed a significant effect of background on the overall
holism scores, t(331) = 2.26, p =.025, d = .280. The effect size was small. As predicted, Asians (M =
120.54; SD = 11.25; n = 134) were more holistic than Westerners (M = 117.82; SD = 10.41; n=199) as
measured on the AHS (see Figure N6). Holism scores for the Asian group was skewed (Skewness = -
.819; SE =.209) and kurtotic (Kurtosis = 3.50; SE = .416). The violation of normality assumptions for
the Asian group could be attributed to the use of geographical distinctions that resulted in unequal
sample sizes in each group. Therefore, while the analysis on Asian-Western categories revealed that
Asians exhibited more holistic thinking styles, group level differentiations using the individualism-
collectivism dimensions (Hofstede, 2017) in lieu of geographical distinctions presents an advantage
as it could minimise the loss of data. Furthermore, measurement equivalence was not established
for the groups distinguished by geographical regions on the three measures. As such, the findings

reported on these measures should be interpreted cautiously.
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Figure N6

Comparison of the Holism Scores between Eastern and Western Respondents on the AHS
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Note. Asian respondents (n = 135) had significantly higher holism scores on the AHS than Western

respondents (n = 199). Error bars represent standard errors.

Analysis based on the Individualism-Collectivism Constructs as Macro Level Group Distinctions

In this section, Hofstede’s (2017) individualism-collectivism constructs were used as the
group level differentiation rather than geographical distinctions. Respondents were classed as
individualistic or collectivistic based on their nationalities. As mentioned previously, this method of
classification reduced the number of excluded responses from 5.9% in the geographical distinction
analyses to 3.5%. Additionally, the sample sizes were more comparable when the individualistic and
collectivistic distinctions were used (see Chapter 2: Table 3). Notably, differentiating macro level
groups based on national cultural constructs (e.g., Hofstede, 2017) may be more representative of
the countries' sociocultural determinants and institutional norms. Indeed, this is an important
consideration given the appeal for cross-cultural comparative research to move beyond two-country

comparisons (Sivadas et al., 2008; Boer et al., 2018).

Cultural Orientation Scale. Based on the individualistic (n = 157) and collectivistic (n = 152)
distinctions, both groups were equally likely to be in the HI, HC, and VC categories (see Figure N7).
Interestingly, the collectivistic group was significantly more likely to be vertical individualists (VI)

than the individualistic group, x* (3, N =309) =9.51, p = .023.
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Figure N7

Cultural Orientations of Individualistic and Collectivistic Groups on the COS (Triandis & Gelfand, 1998)
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Note. Both individualistic (n = 157) and collectivistic (n = 152) groups were equally likely to adhere to
the HI, HC, and VC categories. However, the collectivistic group was significantly more likely to be

vertical individualists (VI).

Forty-one respondents could not be categorised into one of the four COS dimensions.
Therefore, a consolidation of the four dimensions into two (COS individualism and COS collectivism)
decreased this number to nine uncategorised respondents. There was a significant association
between the alternative COS variables and Hofstede’s categories, x* (1, N = 341) = 16.02, p < .001.
The post-hoc Bonferroni test revealed that the individualistic group were more likely to adhere to

collectivism values as measured using the COS (see Figure N8).
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Figure N8

Alternative Cultural Orientations of Individualistic and Collectivistic Groups on the COS (Triandis &
Gelfand, 1998)
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Note. The individualistic group (n = 177) were more likely to adhere to COS collectivism values
compared to the collectivistic group (n = 162).

A t-test was also conducted to compare the COS individualism and COS collectivism scores of
individualistic and collectivistic respondents (see Figure N9). To control for Type 1 errors, the
statistical significance for this analysis is set at p < .025. Assumptions of normality were met.
Interestingly, the collectivistic group had significantly higher scores on the COS individualism
dimension than the individualistic group, t(348) = 3.402, p = .001, d = .364. The effect size was small.
The collectivistic group (M = 51.42; SD = 9.27) had significantly higher scores on the individualism
dimension of the COS compared to the individualistic group (M = 48.13; SD = 8.79). In contrast,

group differences in collectivism scores were not significant (p = .066).
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Figure N9
Cultural Orientations Differences between Individualists and Collectivists on the COS (Triandis &

Gelfand, 1998)

55.00 ~
54.00 -
53.00 o
52.00
51.00 -
50.00
49.00 ~
48.00 -

COS Scores

47.00 - = |ndividualists

46.00 - Collectivists

45.00 . r .
COS Individualism COS Collectivism

COS Dimensions

Note. Collectivists (n = 168) had significantly higher COS individualism scores than individualist
respondents (n = 182). There were no group differences in COS collectivism scores. Error bars

represent standard errors.

Self-Construal Scale. Figure N10 shows that both the individualistic and collectivistic groups
were equally likely to hold independent or interdependent self-construal as measured using the SCS.
Indeed, there was no statistically significant association between the SCS and Hofstede’s categories,
x* (1, N=342)=1.72, p = .190, thus indicating that both individualists and collectivists were equally
likely to possess independent and interdependent self-construal. Nine participants with equal scores

on both subscales were excluded from this analysis.
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Figure N10

Self-Construal of Individualistic and Collectivistic Groups on the SCS (Singelis, 1994)
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Note. Both individualistic (n = 176) and collectivistic (n = 166) groups were equally likely to hold

independent or interdependent self-construal as measured using the SCS.

A t-test on all respondents (including those who could not be categorised) revealed no
significant differences in SCS scores on the independence and interdependence dimensions between
the individualistic and collectivistic groups. As seen in Figure N11 below, although collectivists (M =
4.93; SD = .726) appeared more likely than individualists to possess interdependent self-construal (M
=4.79; SD = .604), these differences only approached significance (p = .051). There were no

differences in independent self-construal between both groups (p = .565).
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Figure N11

Self-Construal Differences Between Individualists and Collectivists on the SCS (Singelis, 1994)
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Note. Collectivists (n = 182) had higher SCS interdependence scores than individualist respondents (n
= 203), although these differences were not significant. Both groups reported similar scores on the

SCS independence dimensions. Error bars represent standard errors.

Analysis-Holism Scale. As seen in Figure N12, collectivists (M = 120.02; SD = 10.69; n = 162)
were more holistic than individualists (M = 117.86; SD = 10.87; n = 177) as measured on the AHS.

However, a t-test revealed no significant group difference in overall holism scores (p = .066).

Figure N12
Comparison of Composite Holism Scores Between Individualistic and Collectivistic Groups on the AHS

(Choi et al., 2007)
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Note. The analytic-holistic cognitive styles of the individualistic (n = 177) and collectivistic (n = 162)

groups on the AHS were identified based on a median split.
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Taken together, the inconsistency of the three measures in reflecting macro group
differences (geographical regions and individualism-collectivism dimensions) suggest that the
guestionnaires assessed in the present study could be inadequate in determining social or cultural
orientations as well as cognitive styles. Responses on the COS, SCS, and AHS should be able to
identify if an individual’s attitudes and beliefs are consistent with the cultural systems associated
with their country. For example, individuals from Asian countries or collectivistic backgrounds tend
to hold more collectivistic, interdependent, and holistic values, whereas individuals from Western
countries or Individualistic backgrounds are more likely to be individualistic, interdependent, and
analytic (Choi et al., 2007; Dong et al., 2019; Masuda et al., 2008; Masuda & Nisbett, 2006; Nisbett et
al., 2001; Senzaki et al., 2014; Talhelm et al., 2014; Uskul et al., 2008). However, the findings
reported here found that the individualistic and Western groups were more collectivistic regardless
of the macro level distinctions used, as reflected on the COS. The collectivistic group (defined by
Hofstede’s dimension) was also more likely to be vertical individualists. These findings could be
related to cultural shifts or convergence of collectivistic values across societies (Chen et al., 2020).
Ma et al. (2016) have also previously attributed the increase of VI amongst Chinese employees to
changes in economic and family structures. Therefore, the contradictory findings that Westerners
were more collectivistic, and the observations that the collectivistic group (based on Hofstede’s
individualism-collectivism dimensions) expressed more individualistic values further support the
notion of a possible sociocultural shift (Chen et al., 2020; Vignoles et al., 2016). Accordingly, it is
important to consider additional features and demographics of different societies and nations to

inform a multilevel cultural framework.



Table O1
Correlation Matrix for COS items (N = 363)

Appendix O

Correlation Matrices of the COS, SCS, and AHS
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HI_1 HI_2 HI_3 HI_4 VI_1 VI_2 VI_3 VI_4 HC_1 HC_2 HC_3 HC_4 vC_1 vC_2 vC_3 VC_4
HI_1 I'd rather depend on myself than others. -
HI_2 rely on myself most of the time; | rarely rely on others. .518%* -
HI_3 | often do "my own thing." .280%* .389%* -
My personal identity, independent of others, is ver
HI_4 A v, P ! ¥ 209%*  393**  307** -
- important to me.
Vi_1 It is important that | do my job better than others. .294%* .285%* .292%* .292%* -
VI_2 Winning is everything. .175%* \212%* .155* .154* 411%* -
VI_3 Competition is the law of nature. 211%* .178** .192%* .154* .343%* 470%* -
When another person does better than | do, | get tense
Vi_4 P g .067 .047 .088* .067 .389** .336%* .326%* -
- and aroused.
HC_1 If a coworker gets a prize, | would feel proud. -.016 .079 .023 .068 -.069 -.093* -.046 -.193** -
HC_2 The well-being of my coworkers is important to me. .022 .073 .071 .124* -.032 -.064 -.048 -.097* 417%* -
HC_3 To me, pleasure is spending time with others. -.040 -.089* -.064 .037 -.033 -.039 .037 -.120* 211%* 271%* -
HC_4 | feel good when | cooperate with others. .010 .028 .001 .109* -.074 -.030 -.025 -.116* .341%* 314%* .352%* -
Parents and children must stay together as much as
VC_1 . v tog .048 .093* -.004 .033 .097* .071 .074 -.044 .139* 174%* .269** .207** -
- possible.
It is my duty to take care of my family, even when | have
VC_2 y X 4 v v .068 .104* .034 .085 .084 .020 .091* .033 259** .259** .158* .258** A27** -
- to sacrifice what | want.
Family members should stick together, no matter what
VC_3 . y . g .081 .106* .061 .009 .129% 116* .160* .046 .097* .047 A171* .196** A61** 557** -
- sacrifices are required.
vc a4  'tisimportanttome thatlrespect the decisionsmade by 064 019 065 004 -006 017 000 317%%  300%*  .248**  386** 112+  201%*  .181%* -

my groups.

*significance at <.05, **significance at <.001



Table 02

Correlation Matrix for the Self-Construal Scale (Independent) Items (N = 363)
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IND1 IND2 IND3 IND4 INDS IND6 IND7 IND8 IND9 IND10 IND11 IND12
IND1 | enjoy being unique and different from others in many respects. -
IND2 | feel comfortable using someone's first name soon after | meet them, 036 _

even when they are much older than I am.

IND3 I'd rather say 'No' directly, than risk being misunderstood. .152%* .188** -
IND4 Having a lively imagination is important to me. 329** -.006 207** -
INDS Impgsfer to be direct and forthright when dealing with people I've just 99k 153 397%* 167 _
IND6 I am comfortable with being singled out for praise or rewards. .170%* .084 .129* .119* .192%* -
IND7 Speaking up during a class is not a problem for me. 247%* .181** .209** .150* 324%* .307** -
IND8 | act the same way no matter who | am with. .097* .187** 261** .027 .345%* 121* .301** -
IND9 I value being in good health above everything. .077 .087* .092* .123* .105* .116* .124* .235%* -
IND10  Being able to take care of myself is a primary concern for me. .228** .068 .139* .193%* .132* .096* .138* .109* .202** -
IND11 My personal identity independent of others, is very important to me. .344%* .044 .129* .258** .087* .141* 137* .125* .128* .298** -
IND12 I act the same way at home that | do at school. .048 .191%* 215%* -.002 .248** 171* .355%* 617** .185** 113* 127* -
coL1 s‘r’ge:n\:\g:]etn I strongly disagree with group members, | avoid an -144* -.003 -.064 -.047 -135%  -093*  -197**  -067 -013 -101*  -.106* -.055
coL2 | have respect for the authority figures with whom I interact. .158* .114* .042 .093* .101* 113%* .072 127 212%* 121* .134* .079
coL3 | respect people who are modest about themselves. .105* -.015 .008 .198** -0.029 .021 -.067 -.005 .060 244%* 179%* .047
coLa | will sacrifice my self-interest for the benefit of the group I am in. -.088* -.011 -.108* -.032 -.093* -.061 -.092%* .012 -.032 -.149* -.102* -.009
cots LZZZ:L?ot:/kc?rzteor ;‘l’a"::jerati"” my parents’ advice when making 022 135%  -050 -011 062 068 000 032 130* 010 -014  .096*
COL6 If my brother or sister fails, | feel responsible. -.005 -.056 -.010 .094%* .059 -.004 .038 .046 .145%* -.008 -.018 .101*
coL7 :n?;tﬁrnt::tvfhlhne;eyegcvit:fcto":nypﬁfﬂiﬂi?_ips with others are more -.085 035 -.056 007 -.079 017 -.007 038 080  -108*  -134* 064
coL8 | would offer my seat in a bus to my professor. .022 -.118* .011 .084 -.062 -.062 .105* -.003 .068 .005 -.039 .033
CcoL9 My happiness depends on the happiness of those around me. -.001 .083 -.001 .059 .078 -.072 .019 .128* .069 .007 -.015 .100*
CoL10 'g‘:ziﬂ:‘tay in agroupif they need me, even when I'm not happy with the —_ ¢, 010 -090*  -129%  -124%  -066 -.049 003 -.035 -.036 -.062 005
COL11  Itisimportant to me to respect decisions made by the group. .013 .039 .013 .081 -.007 -.071 -.007 .084 132% .005 .021 .079
COL12 s important for me to maintain harmony within my group. -.024 .003 -.107* .104* -.103* .024 .001 .044 .084 .044 .004 .016

*significance at <.05, **significance at <.001



Table O3

Correlation Matrix for the Self-Construal Scale (Interdependent) Items (N = 363)
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coL1 coL2 coL3 coL4 COL5 coLe coL7 coLs coL9 COoL10 coL11 CcoL12
IND1 | enjoy being unique and different from others in many respects. -.144%* .158* .105* -.088* .022 -.005 -.085 .022 -.001 -.064 .013 -.024
IND2 't;:':r"emn‘:zzt;t;';::'tlga someone'sfiistname soon afterimeetthem, evenwhen o3 .114* 015 -011  135%  -056 035 -118* 083 010 039 003
IND3 I'd rather say 'No' directly, than risk being misunderstood. -.064 .042 .008 -.108* -.050 -.010 -.056 .011 -.001 -.090* .013 -.107*
IND4 Having a lively imagination is important to me. -.047 .093* .198** -.032 -.011 .094* .007 .084 .059 -.129* .081 .104*
IND5 | prefer to be direct and forthright when dealing with people I've just met. -.135*% .101* -.029 -.093* .062 .059 -.079 -.062 .078 -.124* -.007 -.103*
IND6 | am comfortable with being singled out for praise or rewards. -.093* J113* .021 -.061 .068 -.004 .017 -.062 -.072 -.066 -.071 .024
IND7 Speaking up during a class is not a problem for me. -.197** .072 -.067 -.092* .000 .038 -.007 .105* .019 -.049 -.007 .001
IND8 | act the same way no matter who | am with. -0.067 127* -.005 .012 .032 .046 .038 -.003 .128* .003 .084 .044
IND9 | value being in good health above everything. -0.013 212%* .060 -.032 .130* .145* .080 .068 .069 -.035 132% .084
IND10 Being able to take care of myself is a primary concern for me. -.101* 121* 244%* -.149* .010 -.008 -.108* .005 .007 -.036 .005 .044
IND11 My personal identity independent of others, is very important to me. -.106* .134* 179** -.102* -.014 -.018 -.134* -.039 -.015 -.062 .021 .004
IND12 | act the same way at home that | do at school. -.055 .079 .047 -.009 .096* .101* .064 .033 .100* .005 .079 .016
coL1 Even when | strongly disagree with group members, | avoid an argument. -
coL2 | have respect for the authority figures with whom I interact. .087* -
coL3 | respect people who are modest about themselves. .167* .129* —
coL4 | will sacrifice my self-interest for the benefit of the group I am in. 271%* .182** .198** -
coLs Ipls:::ld take into consideration my parents’ advice when making education/career 130* 237%* 067 179%* _
CcoL6 If my brother or sister fails, | feel responsible. .035 .049 .055 .195** .155%* -
coL7 Li);t;:\:::\éi;r:ilf;ﬁﬁfntt?t my relationships with others are more important than 199%* 015 107* 305%* 139% 137* _
coLs | would offer my seat in a bus to my professor. .068 J123* .041 .087* 174%* .268** 174%* -
CcoL9 My happiness depends on the happiness of those around me. A11% .180** .166* .296%* .165%* .165* .333%* .150* -
COL10 I will stayin a group if they need me, even when I’'m not happy with the group. .260** .095* .070 .295%* .142* .144* .314%** JA11%* .306%* -
COL11 Itisimportant to me to respect decisions made by the group. .161* .309** .188** .369** .204%* .101* .195%* .146* .226%* .250%* -
coL12 It is important for me to maintain harmony within my group. 252%* .282%* .234%** 247** .200** 131* 242%* .113%* .315%* .280** A73%* -

*significance at <.05, **significance at <.001



Table 04

Correlation Matrix for the Analysis-Holism Scale (Causality and Contradiction) Items (N = 351)
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CAUSALITY  CAUSALITY  CAUSALITY  CAUSALITY  CAUSALITY  CAUSALITY CONTRA CONTRA CONTRA CONTRA CONTRA CONTRA
1 2 3 4 5 6 1 2 3 4 5 6
CAUSALITY1  Everything in the universe is somehow related to each other. -
CAUSALITY2  Nothing is unrelated. .300** -
CAUSALITY3  Everything in the world is intertwined in a causal relationship. .535%* .359%* -
CAUSALITYA Even a small change in any element of the universe can lead to significant alterations in 33k 206** 367+ _
other elements.
CAUSALITYS Any phenomenon has numerous numbers of causes, although some of the causes are 75w 1g%% 310%* 363+* _
not known.
CAUSALITY® Any phenomenon entails a numerous number of consequences, although some of them 3574 q77ee 290%* 351% 5o _
may not be known.
CONTRA1 It is more desirable to take the middle ground than go to extremes. .025 .052 .091* .018 .026 .024 -
CONTRA2 When disagreement ex,ists a'm'ong people, they should search for ways to compromise 049 078 130* 198%* 120 099* D1ges _
and embrace everyone’s opinions.
CONTRA3 It is more jmpqrt:a\nt to fim':l a pf)int of c?mprf)rﬁise than to debate who is right/wrong, 154% -.001 196%* 263** 133+ 161 33g% e B
when one’s opinions conflict with other’s opinions.
It is desirable to be in harmony, rather than in discord, with others of different opinions
CONTRA = %8 ' Y i ciscord, wi ' pint 155+ 102* 177% 107+ o7 131* 227% 345+ 377+ -
than one’s own.
CONTRAS Choosing a middle ground in an argument should be avoided. (Reversed) -.034 -.088* -.044 -.039 .006 .008 .056 .071 .096* .069 -
CONTRA6 We should avoid going to extremes. .058 .130* .118* .075 .101* .082 .554%* .190** .197** .186** .001 -
CHANGE1 Every phenomenon in the world moves in predictable directions. (Reversed) -.118* -.048 -.215%* -.019 -.021 -.057 -.116%* -.020 -.074 -.067 .246** -.101*
CHANGE2 A person who is currently living a successful life will continue to stay successful. 003 154 138 147 041 042 139+ -oa4 092+ 020 193%* 107+
(Reversed)
CHANGE3 An individual who is currently honest will stay honest in the future. (Reversed) -.050 -.072 -.096* J113* .019 -.041 -.118* -.080 -.139* -.119* .149* -.094*
CHANGE4 Iann e{vent is moving toward a certain direction, it will continue to move toward that 135+ 013 071 004 076 124% -153* -091* 076 -104* 178 170*
direction. (Reversed)
CHANGES Current situations can change at any time. .133* .039 .203%** 327** .303** 277** .017 .200** .155% .095* .107* .045
CHANGE6 Future events are predictable based on present situations. (Reversed) -.103* -.077 -.139* -.063 -.106* -.097* -.104* .028 -.051 .030 .085 -.071
ATTENTION1 The whole, rather than its parts, should be considered in order to understand a -011 048 039 106+ 20g* 003+ 046 085 122+ 018 173 003
phenomenon.
ATTENTION2  Itis more important to pay attention to the whole than its parts. -.003 .008 .086 .031 .120* -.013 .162* .164* .152* .057 -.163* .214%*
ATTENTION3  The whole is greater than the sum of its parts. .046 .067 .080 114* .201** .059 .090* 117* .163* .001 -.180** .204**
ATTENTION4  Itis more important to pay attention to the whole context rather than the details. -.022 .104* .083 .017 .199%** .076 114* .098* .148* .071 -171* .078
ATTENTIONS It is not possible to understand the parts without considering the whole picture. .061 279*%* .189** 238** .265%* .182%* .095* .071 127* 124* -.073 .154*
ATTENTION6 ~ We should ider the situati is faced with, Il as his/h lity, i
e should consider the situation a person is faced with, as well as his/her personality, in 171% 103* 199+ * 290%* 3p6k* Jogk* 026 17g%* 174 146+ 106 025

order to understand one’s behaviour.

*significance at <.05, **significance at <.001



Table O5

Correlation Matrix for the Analysis-Holism Scale (Change Perception and Locus of Attention) Items (N = 351)
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CHANGE CHANGE CHANGE CHANGE CHANGE CHANGE ATTENTION  ATTENTION ATTENTION ATTENTION ATTENTION ATTENTION
1 2 3 4 5 6 1 2 3 4 5 6
CAUSALITY1  Everything in the universe is somehow related to each other. -.118* -.003 -.050 .135% .133* -.103* -.011 -.003 .046 -.022 .061 A171*
CAUSALITY2  Nothing is unrelated. -.048 -.154* -.072 -.013 .039 -.077 .048 .008 .067 .104* 279%* .103*
CAUSALITY3  Everything in the world is intertwined in a causal relationship. -.215%* -.138* -.096* -.071 .203** -.139* .039 .086 .080 .083 .189** .199**
Even a small change in any element of the universe can lead to significant alterations in
CAUSALITY4 -.019 .147* J113* -.004 327** -.063 .106* .031 .114* .017 .238** .290**
other elements.
Any phenomenon has numerous numbers of causes, although some of the causes are
CAUSALITYS -.021 .041 .019 .076 .303** -.106* .209* .120* .201** .199** .265** .326**
not known.
Any phenomenon entails a numerous number of consequences, although some of them
CAUSALITY6 -.057 .042 -.041 124* 277 -.097* .093* -.013 .059 .076 .182** .298**
may not be known.
CONTRA1 It is more desirable to take the middle ground than go to extremes. -.116* -.139* -.118* -.153* .017 -.104* .046 .162* .090* .114* .095* .026
When disagreement exists among people, they should search for ways to compromise
CONTRA2 en 8 , - § peop y v P -.020 -.044 -.080 -.091* .200%* .028 .085 .164* 117* .098* .071 .178**
and embrace everyone’s opinions.
CONTRA3 It is more Empqrt:a\nt to fim;l a pf)int of c?mprf)rﬁise than to debate who is right/wrong, 074 -.092* 139 076 155+ 051 122 152+ 163+ 148+ 127 174
when one’s opinions conflict with other’s opinions.
CONTRA4 Itis desir?ble to be in harmony, rather than in discord, with others of different opinions 067 020 -119* -108* 095+ 030 018 057 001 o7 124 146+
than one’s own.
CONTRAS Choosing a middle ground in an argument should be avoided. (Reversed) 246 * .193** .149* L178** .107* .085 -.173* -.163* -.180** -.171* -.073 .106*
CONTRA6 We should avoid going to extremes. -.101* -.107* -.094* -.170* .045 -.071 .093* .214%* .204** .078 .154* -.025
CHANGE1 Every phenomenon in the world moves in predictable directions. (Reversed) -
CHANGE2 A person who is currently living a successful life will continue to stay successful. 229+ _
(Reversed)
CHANGE3 An individual who is currently honest will stay honest in the future. (Reversed) 317** 478** -
If an event is moving toward a certain direction, it will continue to move toward that
CHANGE4 . . .408** .354%* 375%* -
direction. (Reversed)
CHANGES Current situations can change at any time. .085 .193** .163* 131* -
CHANGE6 Future events are predictable based on present situations. (Reversed) .360** .166* .249* 232%* -.117* -
The whol her than i houl i i
ATTENTION1 e whole, rather than its parts, should be considered in order to understand a 115+ -129* 029 124% 051 112* B
phenomenon.
ATTENTION2  Itis more important to pay attention to the whole than its parts. -.210** -.142* -.168* -.218** .062 -.101* A54%* -
ATTENTION3  The whole is greater than the sum of its parts. -.270** -.129* -.208** -.235%* .008 -176** A40%* .543** -
ATTENTION4  Itis more important to pay attention to the whole context rather than the details. -.126* -.127* -.120* -.163* -.021 -.169* A44** .553** 400** -
ATTENTIONS It is not possible to understand the parts without considering the whole picture. -.052 -.084 -.028 -.032 A171* -.173* 313%* .224%* 278%* .285%* -
ATTENTION6  We should consider the situation a person is faced with, as well as his/her personality, in 147 .178** .118* .105* .304** -.018 .040 -.066 .011 -.047 .170* -

order to understand one’s behaviour.

*significance at <.05, **significance at <.001
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Appendix P

Factor Analysis Tables for the COS

Table P1

Factor Loadings for the COS for all Participants (N = 363)

Descriptive Statistics Loadings
M D Factor Factor Factor Factor Communality

1: HC 2: HI 3: VI 4:VC
HC_4 |feel good when | cooperate with others. 7.19 1.62 .601 .012 -.052 .167 .263
HC_2 The well-being of my co-workers is important to me. 6.68 1.94 .592 .104 -.087 .052 