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Abstract

This study examines how Swiss and Tamil participants living in Switzerland read maps based on
their cultural backgrounds. The research uses a mixed design model, integrating an dyecking
study with a preliminary test, questionnaire, and a paper folding test. Two research questions
examine the influence of cultural background on perceptions and information processing,
especially in map reading. The aim of the second research questisrto demonstrate that Swiss
individuals born in Switzerland, reflect Western cultural influences and, thus, have an analytical
way of thinking. In contrast, Tamil individuals born in Switzerland, embodying East Asian
cultural traits, are expected to exhibit a holistic way of thinking in processing spatial
information. Through eye-tracking study, gaze patterns and decisiomaking processes during
map exploration are revealed, illuminating the interaction between taskspecific requirements
and individual differences. The preliminary test challengeshe stereotypical assumptions about
cultural dichotomies by testing analytical and holistic thinking and general cognitive abilities
through the psychological experiments of the Navon test, Stroop test, and quiz. By examining
spatial ability, the paper folding test highlights the aspects of spatial manipulation skills that are
common to all of the studied groups. The findings of all study parts highlight how complex
cognitive responses are, going beyond simple cultural classifications. The findings show that
cultural background influences cognitive processes in map reading, but consistent significance
was not found. Apart from that, the significantlyjonger duration of fixations of Swiss individuals
suggests analytical thinking whereas due tolacking significance a consistent report of holistic
thinking for Tamil individuals was failed. Other eyetracking metrics claim a complex
understanding of the interconnection of analyticholistic thinking with Swiss and Tamil
individuals, respectively, due to the lack of statistical significance. Future research should focus
on longitudinal studies, and interventions designed to improve spatial cognition in multicultural
settings. This study contributes to the understanding of spatial cognition in a variety of cultural
contexts by providing a fundamentalinvestigation into the complex interaction of cultural

influences on map reading.

Keywords: culture, crosscultural differences, holistic/analytic cognition, cultural background,
Western and Asian cultures, individualism/collectivism Swiss people/Tamil people, eye

tracking
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1. Introduction
1.1. Problem Statement and Motivation

Maps provide information in a visual format on many different areas of the globe. Consequently,
a variety of maps are created for various purposes. These maps, whosartographic
representation is regulated by several authorities, cover a wide range of user groups, and
provide a large amount of content. Accordingly, the layout and design of the n&gontent are
essential. For example, tourist maps are made specifically for the locations on which they are
intended to display distinctive geographic information. Therefore, in order to create effective,
rapid, and simple communication between the user and the map, the right map design must be

chosen.

The design of the map igssential since it determines whether the map's purpose is clear and
understandable for further interactions with the map. Cartographers are constantly debating
how to aesthetically construct a map that supports the ability to deliver accurate information.
The design of a map will affect how a person perceives the world (Montello, 2002). In line with
this, any product's first impression serves as a description of our cognitive abilities (Montello,
2002). Recent studiesclaim that perceptual processes and cognitive abilities cannot alwayise

regarded as universal for all peopleThe findings show that the perceptual processes and

cognitive abilities are influenced by cultural backgrounds (Nisbett & Miyamoto, 2005).

The focus of more recent studies lies in examining political, economic, and sociocultural factors
in the relationships of cognition and culture. Based on that the holistic and analytic perception
theory was formulated by Nisbett based on earlier theories and researctiN{sbett et al. 2001,
30AAET B A ©Gend\& Bidbett,c1899 @ne of the weltknown studies, which illustrates a
significant difference between two cultures regarding holistic and analyticcomes from Masuda
AT A . EOAAOOS Accordingé thig themry puihdrsexaminedthat East Asians have a
holistic thinking, whereas Westerners have an analytal thinking (Nisbett et al., 2001). The
analytic cognitive style assumes that people focus on the features of the objects, while the
holistic cognitive style suggests that people are prone to focus on the interconnection between
objects and the background . EOAAOO AO A1 8h c¢mmnpn 30AAEI B
cognition psychology and culture fields are based on the holistic and analytic theory (Masuda &
. EOAAOOh c¢mnpn 30AAEI P AO Ai8h c¢mpyn , AAEI
theory of holistic and analytic cognition to date have mostly compared Westerners, who focus on

objects rather than background context (analytic) and East Asian cultures, wdh focus on the

Ao

Ao

Al

/
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relationship between the objects andheir environment (holistic) more than on the object itself

(Nisbett et al., 2001; Zhang & Seo, 2015).

According to earlier research on crossultural issues and cognitive psychology, culture is
important for both cognition and visual perception (Montello, 2002). In the 1930s and 1940s
cross-cultural research became more popular, where a data collection from crossiltural survey
wasprovided to use to compare the cultures of the world (Ember & Ember, 2009). Interest in the
connection between cognition and culture first arose in the beginning of the 20th centuywuntil
then there had only been little attempt to investigate the effect of culture on perception and

spatial information (Lacko et al., 20203 OAAET B AO Al 8h c¢mpyn . EOAAOO O
1.2. Goal & Overview of thestudy

Despite efforts over the years to investigate cultural differences in cognition taking various

variables into consideration, very few studies have concentrated on the cultural differences in
cartographic outputs and cognitive processes 3 OAAET b AO Al 8h c¢.mpaph , AAI
selection of the study group, which is mainly made up of university students and largely consists

of the same cultures, presents a significant research gap when it comes to the analysis of cultural
differences. In particular, the majority of the research considered the USA or Western Europe to

be in the West and China, Korea, and Japan to be in East ABi®OAAET B AO Al 8h c¢mpyt
2020).

The aim of thisresearchis to examineto which extent attention can have potential differences

on cartographic outputs.Thus,the OOOA U8 O OEAT OAOEAAI AOAI Ax1T OEh EI
style allow for cross-cultural comparisons ofcognitive and perceptual functionsf 3 OAAET B A0 A
2018). The work from Masuda and Nisbett inspired the author of thistudy to explore possible
cultural differences on maps and also to usa part from- AOOAA AT A . EOAAGO6O 00O
different way. Thus, this study aims to test the difference betweekwo cultural groups which

have not been considered so far in the crossultural research in cartography.

The user study is set up with five tasksvith questions regarding five different maps, asit will be

described in chapter 3.1 To be more specificin - AOOAA QO . EOAAGO&ariudOOAU A
video was used, whereas maps are uséal this research(Masuda & Nisbett, 2001)Based on the

map object sizes and the visual variables of colour hue, each map was created uniquidyfinish

off the user study, participants have to answer some questions regarding the first map from the

evaluation task.To understand on which part of the maps the participantsfocused,the screen

based eyetracking technology is used in the user studyTo deepen the knowledgeon different
2
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aspects of holistic and analytic thinking, the whole study consistof different parts. The
preliminary test focuses on psychological experiments and gquestions to get an overview of the

holistic and analytic differences between the two cultural groups. The papdolding test is

Thus, this study will provide new insights of cognitive psychology generally and crossultural
cartography research specifically by offering fresh perspectives on holistic and analytical
cognitive styles. Furthermore, in contrast to the majority of research that concentrated on
university students, this one will concentrate on individuals who have not completed a tertiary
education. As far as the author is aware, this is one of thew studies to employ Masuda &
Nisbett (2001)'s study design on cartographic outputs(Chua, Boland & Nisbett, 2005)
Furthermore, no prior research has looked at the cultural differences between Tamil residents in
Switzerland and Swiss nationals who are not students. Thus, it is an attempt to look into how

Swiss and Tamil people's cultual backgroundsaffect their ability to read maps.

Below, OEA OOOAUGO Al OEAEDAOAA #elistddEThi€ thesidihcludeOaR OA A OA |
theoretical section in the following chapter. For a better understanding of the research question

and the experiment, contextual data related to culture, cognition, and cartography will be given.
Throughout the chapter respective literature will also be reviewed.In chapter 3 detailed

ET £ Oi AGET 1 AAT 6O OEA OOOAU AAOGECT AT A GeA ADPDI
gathered in chapter 4, while they arediscussed in chapter 5. Conclusions, restrictions, and

suggestions forfurther research are provided in the last chapter.
1.3. ResearciQuestions

For this thesis, the following research questiors are formulated of the abovementioned

research gaps:

RQ1: "Do people from different cultural backgrounds perceive and process information
differently ?"
RQ2: Does the cognitive processing of cartographic outputs diffebetween Swiss

individuals born in Switzerland, reflecting Western cultural influences with an
analytical thinking, and Tamil individuals born in Switzerland, embodying East

Asian cultural traits with a holistic thinking?
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1.3.1. Hypotheses & ExpecteResults

The following outlines the expected results, which were determined by conducting a literature
review prior to the study. It must be mentionedthat both the research questions are discussed

in separate subchapters but complement each other
1.3.1.1. RQ1:Cultural Influence

The first hypothesis concerningthe research questionl is that a person's identity and cultural
background have an impact on how they think and how they perceive the world, especially when
it comes to reading mapsThus, we predict that people with different cultural backgrounds will
display different cognitive patterns, which will influence how they perceive and process

information, especially spatial information.

Philosophers and psychologists have long assumed that cognitive abilities and visual perception
are universal and attention, categorization,memory, and casual analysis are the same for
everyone in each culture (Nisbett & Masuda, 2003)A significant contribution to the research
field of culture and cognition was carried out by Lev Vygotsky and his colleaguésrdila, 2016).

he described in several papers in the 1930s (Ardila, 2016Dther researchers have also looked
into whether other elements play a role in understanding the connection between culture and

cognition (Berry, 1992; Dasen & Heron, 1981)

To point out the relationship between culture, cognition, and cartography, only a few studies
have beencarried out so far. The study from3 OAAET B AT A EEO inkddicddAACOAO

particular outcomes, where a user study with Chinese and Czech map users was completed.

People are expected to use their accessible knowledge unconsciously when perceiving,
processing,and paying attention to information mapped through experience, as various studies
that are covered in chapter 2 demonstrateThis experience which is influenced by cultural

factors, has to berememberedbeforehand (Oyserman, 2011).

1.3.1.2. RQ2:Holistic vs. Analytic

The second hypothesis proposes that there are distinctions in the cognitive processing of
cartographic outputs between Tamil individuals born in Switzerland, who areexpected to
display a holistic thinking influenced by East Asian cultural characteristics, and Swiss individuals

born in Switzerland, who are likely to exhibit an analytical thinking influenced by Western
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cultural factors (Triandis, 2001; Hofstede, 2010) We forecast that these cultural variations will

appear as disparities in how maps are navigated and interpreted.

If there is a interconnection between culture and cognition, then the question of whether a

particular pattern can be identified arises, according to the hypothesis of the first research

question, chapter 1.3.1.1As already mentioned in chapter 1.Xand elaborated in chapter 2), a

Ol OCE AEOEOEIT 1 &£ OEI1EOOGEAd AT A OAT Al UGEAG6 Al
suggested through researchers such as Nisbett (Nisbett & Masuda, 200lsbett et al., 2003)
One of the mtable studes, which analysed the theory through attention and perception with
Japanese and Americans, significantlylustrated the difference between holistic and analytic
thinkers (Masuda & Nisbett, 2001) Another study by Chua, Boland, and Nisbett (2005)
examined scene perception utilising eydracking technology and images of backdrops and focal
items. Chinese students were more inclined to believe that the background contains crucial
information, whereas European American students showed less interest in the backgroutdit

greater attention to primary objects.

As mentioned before, Swiss, and Tamil people born in Switzerland arethe focus of thisthesis.
The experiment of this studyis thought to address research question 2 by providing evidence
that Swiss people have an analytical cognitive style and Tamil people have a holistic cognitive
style. Tamil individuals see objects in relation to their environment, so we expect that they will

be more sensitive to backdrop changes in this experiment than Swiss people.
1.4. Cultural Selection

As figure 1 portrays, Swiss culture is often known for its strong focus on individualism.
Individualistic societies place high value on independence, sedikpression, and personal

autonomy. Individuals are encouraged to seek personal objectives and accomplishments, such as

desired careers and their personal interests in Swiss society (Hofstede, 2001). Tamil culture, on

the other hand, leans more towards collectivism. Collectivistic cultures prioritise shared well

being, interdependence, and group harmony. Relationships with the family are important in

4AT E1T j§30E ,ATEATqQ Aiii Ol EOEAOh AT A AEI EAAO AOA
i ET Ah OOAE AO 1 AOOEACAO j 40EAT AEOh pwwuqs ! AAT O
2.1), Switzerland appears to score higher on Individualism, whereas Tamil culture is linked to

higher scores for collectivism (1980). These culturaldifferences in individualism and

collectivism can have aninfluence on various aspects of daily life. Thus, to shed light on how
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individuals from various cultural backgrounds differ in cognitive abilities in daily tasks, Swiss

and Tamil people living in Switzerland were chosen to be investigated.

cultural and environmental

e——— Culture enculturation Swiss Tamil
i . . - ! i . . !
Self-dependence measured i Individualism | | Collectivism |
Psychological constructs (L EERTS ‘ 4'

(traite maazurad by

preliminary test) Cognitive style measured by | 4 E ] . i
Navon Task & Stroop Task i AI]aiYnc i ! HOESUC |

Categorisation measured T T T T I ]

Behavioural manifestation < | Object-Based : | Background-based |

by map symbol clustering

Figure 1: Research model used Eampledivision adapted and modified by Lacko et al. (2020)
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2. Background

In this chapter, the hypothesis from RQ1 will be discussed and brief overview of the variables

and processes that affect how people perceive map design are discusséde OOh OEA AEADC
primary goal is to provide an explanation of the background and significance of the cress

cultural research, which forms the basis of this studyThis will be followed by the discussing

xEAO OEA OAOI OAOI 00 O#é relatidnanip Getwhdn AultuEeCadd cdghitiod AD O O 8
is described briefly, along with the development ofthe cognitive styles that is specifically

relevant to cartography. In particular, the study by Masuda and Nisbett, which aids in
understanding the study design from the experiment of thighesis, will be discussed in detalil.

Further information regarding the tourist map design and earlier research will also be covered

below.

2.1. Cultural Background

2.1.1. CrossCultural Research

As a scientific method, crossultural research, which involves comparing and contrasting the
norms, practises, and other aspects of other communities, is a systematic investigation of human
psychological processes and practises across cultural barriers (llesanmi, 2009; Matsumoto &
Juan, 2013).Researchers attempt to investigate whether or not information about individuals
and their characteristics from one culture can be applied to other cultures through the use of
cross-cultural research methods (Matsumoto & Juang, 2013). Consequently, crossiltural
research attempts to explain why certain things and certain behaviourhappen to bethe way
they are (llesanmi, 2009. However, the findings of crossultural researchin psychology, as a
whole, extends well beyond simply improving the study's methodology. It is a method of
comprehending universally applicable human behaviour conceptdn order to contribute to a
cultural psychology, crosscultural research looks at whether psychological theories and
principles are culturally specific (true for some people of some cultures) or universal (true for all
people of all cultures) (Matsumoto & Juang, 2013). It also tesifspeople from different cultures
are alike or distinct, looking for possible gaps in our knowledgeThis shift significantly impacts
how psychologists see a variety of human behaviowelated concepts, which is of great
importance for all areas of human lives, specifically in the multicultural world we live (Ember &
Ember, 2009).
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Around the turn of the 18h and 19" century, the first scientific attempts to conceptualise culture,
examine its effect, and find distinctions between individuals from different cultures were made.
The foundational studies were those of William H. R. Rivers and Edward Burnett Tylor, who
made the first crosscultural comparisons (Ember & Ember, 2009; llesanmi, 2009). However, the
cross-cultural research started to become popular in the 1930s and 1940s through George Peter
Murdock in Yale (llesanmi, 2009). The "Ethnographic Atlas,” which Murdock constructed and
which contains data from more than 600 societies, had a profound and wide influence on cress
cultural studies (Ember & Ember, 2009). Other pioneers of crossultural research are Francis
Galton, Frederic Bartlett, Wilhelm Wundt, and Franz Boas (Jahoda & Krewer, 199Hpwever,
the most important turning point in the field of crosscultural research happened after the
Qournal of Cros€ultural Psychologywas founded in 1978 which is regarded as the start of
contemporary crosscultural psychology (Shimmack 2020). With the development of
psychology, many scientists have realised that some, but not all, findings and ideas that were
originally believed to applyto everyone are in factculture bound. As a result of this realization,

cross-cultural research is becoming popular (Matsumoto & Juay 2013).

2.1.2. What is Culture?
2.1.2.1 Cultural Definition

To understand the cultural perspective of different research fields such as psychology, what the
OAOI OAOI OOOAG dishubded ETAA A QO AOTOAKOA OO0OAG AAT AA
and in different research fields thus, it is a blurry and complex term. Even, the concept of culture

can have different definitions in different cultures (Oyserman & Lee, 2008; Matsumoto & Juang,
2013; Montello, 1995. Apart from that, there exist many components of culture, such as
objective culture, subjective culture (knowledge shared in a group), social culture (shared norms

of social behaviours), and material culture (methods used to share goods) (Cohen, 2009;
Matsumoto & Juang, 2013)These are some of many factors, why defining culture is a difficulty
(Cohen, 2009). Still nany years agomore than 160 definitions of culture were gathered and
organised by Kroeber and Kluckhohn (1952n . Below somedefinitions of culture from different

researchersare listed:

O# 01 OOOA EO A Aii Pl Ag xEI1T A xEEAE EITAI OAAO ETT xI

I OEAO AAPAAEI EOEAO AT A EAAEOO AANOEOAActeAby A EOI

SpencetOatey, 2012,
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O# 01 OO60OA EO OEA Aiil1 AAOGEOA POI COAiIiiTETC T & OEA
category of people from other{Hofstede, 1991);

"Culture consists of patterns, explicit and implicit, of and for behavior acquired and transmitted by
symbols, constituting the distinctive achievements of human groups, including their embodiments

in artifacts; the essential core of culture consists of traditional (i.e. historically derived and
selected) ideas and especially their attached values; culture systems may, on the one hand, be
Al T OEAAOAA AO DPOI AGAOO 1T /&£ AAOGETTh ATA 11 OEA
(Kroeber & Kluckhohn, 1952cited by SpencerOatey, 2013.

Focusing onKroeber & Kluckhohrs O A A fatey émpHadiskthat culture is both the result of

human actions and has a direct impact on human action. This section of their definition makes it

evident that an incident can be understood in various ways by two persons with different

(

AOI OO60AT AAAECOi 01 AO AOA Oi OEA EiI PAAO 1T &£ AOI O
percepton.4 EOOh EO EO T £ COAAO EI i OOAT AA O AEAAAOAI

which culture one belongs (Matsumoto & Juang, 2013For example, Switzerland is a country
with a variety of cultural groupings. Thusjndividuals born in Switzerland with different cultural

backgrounds do not necessarily indicate that they will behave as typical Swiss citizens.

OOAAAoh AT A OAOET EAEOUOHKh AOA OI OEA ZAAO OEAO Ol

)T OEEO OOOAURh ET OPEOAA AQE A 108GA A A0 OGOREHO § P o

a group of peopleshare norms, beliefs, traditions, practices, behaviours, and values, which is a
complex and everchanging concept.t includes the way members of a society or community
interact with one another, and their environment is shaped by this social construct.
Understanding and appreciating cultural differences is crucial when it comes to geography,

especially cartography, in order to effectively create cartographic outputs.
2.1.2.2 Cultre: Mental Programming

To everyone, culture is a learning process ovetheir lifetime. According to that, each person
includes patterns of thinking, potential acting, and behaviour (Hofstedel991). By analogy to
programming a computer, Hofstede refergulture as aprocessof mental programming, in which
teenagers acquire not just the language, but also the thinking and behaviours of their social
environments (1991). According to Hofstede et al. (2010), programming begins in the family and
spreads to the neighbourhood, place of employment, school, living community, and peesince
everyone undergoes different programming due to different social environments, mental
programs vary in this world. This mental programming resides in each and every person

9
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(SpencerOatey, 2012).This does not imply that individuals are similarly designed to computers
(Hofstede, 2010). Hence, it does not mean that mental programmes determine human behaviour

(SpencerOatey, 2012).

According to Hofstede, mental programming happens on three levels: human nature, culture
and personality, which is represented in Figure2 (1991). Human nature characterizes inborn
feelings such as anger, happiness, sadness, fear, love, shame, and empathy. Such emotions teach
us how to interact with other people.Personalityis the level of mental programming, which is
different for each person. Both inherited and learned traits make up each person's unique
personality. Environment and individual experiences influence its growtli{Hofstede et al, 2010;
Matsumoto & Juang, 2013; Cohen, 2009; Spendeatey, 2012). The second level on which
Hofstede focuses isculture which is acquired (2010). How people express their feelings and
emotions is learned by their culture in which they grow up. Everyone acquires knowledge how

to behave in certain situations through people from their daily lives (Matsumoto & Juang, 2013).

Three Levels of Mental Programming

Personality

Specific to individual
Inherited & Learned

Culture

Specific to group or category
Learned

Human Nature

Universal
Inherited

Figure 2: Three Levels ofMental Programming.! AADPOAA &£OIT i
Organizations: Software of the Mind by G.Hofstede, 2010, Copyright 2010 by
McGrawHill (Hofstede 1991; Hofstede et al., 2010

2.1.2.3Values: Individualism & Collectivism

Culture can also be regarded as a system of information and meaning, which may be used to
describe different facets of our way of life (Matsumoto & Juang, 2013Jhus, there are different

elements of culture, such as beliefs, language, norms, and values. Hofstede refers values as the

10
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core of culture (2010). Values are invisible for people who bear them. Yet, these values guide

human behaviours, which are expressed through rituals, patterns of thinking, and symbols

(SpencerOatey, 2012).This system ofvalues differentiates one group of people from another,

which leads to cultural diversity. Several scientists have approached to study and explain how

cultures differ from each other (Matsumoto & Juang, 2013). The approach by Geert Hofstede is a

popular one, where he came up with a system of five dimensiord valuesthat differentiate

cultures (Hofstede,1991; Matsumoto & Juang, 2013).

LONG VS.
SHORT TERM
ORIENTATION

Hofstede’s Cultural Dimensions

INDIVIDUALISM
VS. COLLECTIVISM

CULTURAL
DIMENSIONS

UNCERTAINTY
AVOIDANCE

POWER
DISTANCE

Figure3: (T ZOOAAAG O # O1'OIOADAGA A$ EAQONTI O EIGIAGH Ty Gl unbiol 8AJuang
2013, Copyright2013, 2008 by Wadsworth, Cengage Learning (Matsumoto & Juang, 2013; Hofstedg

2010)

As figure 3 illustrates, the five dimensions are individualism vs. collectivismlong vs. short term

orientation, power distance, uncertainty avoidanceand masculinity vs. femininity (Hofstede et

al., 2010).Of all these five dimensions, the welknown and mostly used dimension in cross

cultural research is,Individualism vs. CollectivisiC) (Matsumoto & Juang, 2013)Most studies

use this dimension to understand cultural differences in different scientific aspects (Oyserman &

Lee, 2008; Matsumoto et al., 1996; Triandis, 2001).

4 EA

Yy # AEI AT OET 1

AROAOEAAO EI x

i OAE A (H&étellE AOUG O

et al.,, 2010; Matsumoto & Juang, 2013; Triandis, 2001Xollectivistic culture creates a

foundation for its people so that they can experience interdependence, the need for rules to

11
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prevent chaos, conformity to inrgroup norms, reluctance to cooperate with members of other
groups, integrity in their own groups, and responsibility for actions and outcomes to shared
societal values In contrast, people in individualistic cultures often act independently and
according to their own sentiments and uniqudraits, prioritise their own interests over those of
other or social rules, and attain their own goals(Triandis, 2001; Oyerman & Lee, 2008
Hampton & Varnum, 2020). Therefore, practicing such sociain-C OT Onbré$ may have an
impact on how people perceive, think about, and interact with situations and activities
(Hampton & Varnum, 2020). The following table 1 lists the common differences between IC
societies, according to Hofstede and his colleagues (201®everal tools have been used to
measure IC, varying from selfeport to implicit and neurological measurements (Hampton&
Varnum., 2020).

Table 1: Differences between Individualistic and Collectivistic Societie€ited £01T I OS$EI AT OEI 1 Al EUET ¢ #
(1T £FOOCAAA - T AAT ET #1711 0A@06 j (1 EFOOAAAR ¢tuvULQ
Individualism Collectivism
Everyone is supposed to take care of hinor People are born into extended families or clans
herself and his or her immediate family only which protect them in exchange for loyalty
"|" z Conscioushess "We" zConsciousness
Right of privacy Stress on belonging
Speaking one's mind is healthy Harmony should always be maintained
Others classified as individuals Others classified as irgroup or out-group
Personal opinion expected: one person one Opinions and votes predetermined by in
vote group
Transgression of norms leads to guilt feelings  Transgression of norms leads to shame
feelings
Languages in which the word "I'" is Languages in which the word "I"is avoided

indispensable

Purpose of education is learning how to learn  Purpose of education is learning how to do

Task prevails over relationship Relationship prevails over task

IC differs between cultures geographically across countries, for example Western Europe and
North American cultural groups aremore of an individualistic group, whereas Africa, Middle
East and Asia are more of a collectivistic group (Hofstede, 1991; Hofstede et al., 2010;
Matsumoto & Juang, 2013Triandis & Gelfand, 2012)Furthermore, the degree of IC can differ
among nations based on factors like religion, socioeconomic status, and even cifiégayama et
al., 2006; Varnum et al., 2010, Hampton & Varnum, 20). However, further research is

AAOAOI ETA OEA AQAA QHakhmod & Vednun, £ ) #6 O

T AAAOOGAOU O
2020).

12
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There are more concepts of culture discussed by different author©nly a few well-known
conceptshave beendiscussed in detailabove, which are of great importance for thisstudy. After
considering the ideas presented above, we conclude that culture is a brogghenomenon
represented by objects, behavioural patternsand ideas that may be altered through different
factors. In addition, it differs throughout different geographical regions, religions, social
lifestyles, generations, family backgrounds and moréfriandis, 2001). Hence, the need for cross
cultural research is of great importance. Most studies referretb in the later chapters, found that
PAT PI AGO TPETEITTO xAOA QNEshelr & Miyadhat®) R0OS; Byiseingan O EAE O |
Lee, 2008; Ji & Yap, 2016} or example, people imncient times have shaped by their way of life,
namely, hunting or nomadism.Today, the world civilization changed as a result of religious
growth, colonialisation, land exploitation, technology growth, language, traditions, societal
structure, relationships between people, lifestyle, and other factors. Hence, cressltural
psychology is an emerging area which tries to understand how cultural variations affect how

individuals visualize or analyse certain thinggOyserman & Lee, 2008)

2.2 Culture and Cognition

Cultural psychology is a separate field within psychology thahas emerged with the goal of
focusing on the intersection of cognition and culture (Ember & Ember, 2009 he study of
cultural psychology examines how culture affects human behaviour, thought and emotion.
Although earlier psychological research served as the foundation for the study of culture and
cognition, cultural psychology was first formally recognised as subfield in the middle of the
20t century (Ember & Ember, 2009; Triandis, 2001).

Jean Piaget laid the groundwork for the early developments of cognitive psycholdgyultural

psychology, in order to discover aconnection between cognition and cultureAccording to Piaget

i pwoceh pwetqh AAAPOAOGEIT O1 T1T1TA80 AT OEOITi1 AT O OE
cognitive development.Initially, Piaget believed that only internal factors influenced cognition,

but subsequently he stated that external factors also influenced learning (Tuddenham, 1966).

A L oA o~ e N A N g9 s N m oAz oa N = oz

'TT OEAO EiI T OOAT O OOOAU A ,AO 6uUCi OOEUGO A& T11 »
perception, attention, and memory.6 UCT OOEU8 O OAOAAOAE &I AOOGAA 11

ET OAOAAOGETI T h AOI OOOAT OAOI OOAAOKR AT Animpartag OACAS O
finding from Vygotsky (1978), which gained attention was that language influences our mental

abilities, while Piaget reported that language has no impact on cognitiofiuria, 1931). While

13
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some scholars, like Piaget and Vygotksy, have studiemental abilities and stages of
development, others have looked at social and ecological elements that impact the connection

between culture and cognition(Dasen & Heron, 1981; Berry, 2019)Researchers such as Nisbett,

Geertz, and Shweder were crucial in the late 20century in laying the groundwork for the
AEOAEDPI ETA T &£ AOI OOOAI DPOUAEIITTGCU j/EOEE Q ' OAEA
how cultural differences in cognition affect perception, reasoning, and problersolving skills

(Nisbett & Miyamoto, 2005; Oishi & Graham, 2010; Nisbett, 2003; Nisbett et al., 2001).

Today, scholars from around the world contribute to the understanding of the cultural

differences in cognition as crossultural research became more common (Ember & Ember,
2009). Cultural psychology is an emerging discipline that keeps investigating the complex
connections between cognition and culture in a range of other disciplines Oishi & Graham, 2010;
Ember & Ember, 2009).

2.2.1 Cognitive Style

Examining cognitive stylein relation to culture and cognition looks at how individually preferred

cognitive patterns are shaped and influena# by cultural variables (Kozhevnikov, 2007). The

OAOI OAI CT1 EOEOA OOUI Ao AAOCGAOEAARAOG A PAOOIT80 DO
processing, problem solving, and decision making. It includes the various patterns and
technigues people use when performing cognitive taskgKozhevnikov, 2007). Examining

cognitive style in relation to culture and cognition offers important new perspectives on the

variety of human thought processes. This interdisciplinary field advances our knowledge of how

AOl OO0OAT OAOGOET CcO AEZAZAAO DPAT Dli-niaking. BENdIgad BAIDET T DO
(2011) also noted that most cognitive research focused on examining and evaluating cognitive

diversity in the Western world. Thus, investigating from not only one point wouldartially fill

the research gap.

In their analysis of crosscultural research on psychological differenceproposed Witkin and
Berry that AT ET A E O Eit@al sufadndidgAirpacts their field dependencez the extent
to which they perceive an item is influenced by its surroundingswhich renders a different
dimension of cognitive style(Ji & Yap, 2016 Witkin & Berry, 1975). A tight social structure and
sedentary agricultural ecological settings are specifically related with the fieldependent
perceptual mode, whereas a loose social structure and mobile hunting ecological settings are
connected with the fieldindependent perceptual mode (Ji & Yap, 2016)One of the most

influential theoretical frameworks on cognition and culture through cognitive style is the
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research from Nisbett and his colleaguesl){ & Yap, 2016Masuda & Nisbett, 2001Nisbett, 2003;

Nisbett et al., 2001).! | AOEAAT AT A %OOi bAAT AT O1 OOEAO AOA |
cognitive style, where the respective people separate the object from its background and focus

on the objects only. In contrast, People fronkast Asian countries (China, Korea, Japarhave a

OET 1 EOOEAS Al Ci EOEOA OOUI Ah xEAOA OEAU 110601 U
through experiences (Nisbett & Miyamoto, 2005; Nisbett, 2003; Nisbett et al., 200Kitayama et

al., 2003. The framework of analytical and holistic cognition is used in the majority of cross

cultural research.A study from Chua, Boland and Nisbett (2005) examined the scene perception
utilising eye-tracking technology, images of backdrops, and focal items. According to their
findings, Chinese students were more inclined to believe that the background contains crucial
information, whereas European and American students showed less interest in the background

and a greater attentionto the primary objects.

Differences in perception are influenced by attentional differences among cultures. In a
perception test from Savani and Markus (2012),Americans focused on the main objects
whereas Japanese participants paid more attention to the overall information more evenly.
There are more studies which focused on the difference between analytic and holistic thinkers,
where mostly American and East Asian countries were considered (Kuwabara & Smith, 2012;
Huang & Park, 2013). Although these studies highlight the distinctions between an analytical and
holistic cognitive style as well as its traits, iis important to remember that the results are not
always uniform and cannot be generalised to all Western and Asian nations. Therefore, it is
crucial to consider civilizations other than the United States, China, Korea, or Japan, as well as

additional variables like gender, age, and academic background.
2.2.2 Masuda & Nisbett: Attending holistically versus analytically

The study from Masuda & Nisbett is a notabland a weltknown research, where the difference
between American and Japanese peopl@as investigated. The participants were given an
underwater scene (Figure4) to look at for a given time period. The findings show that Japanese
people allow their eyes to wander more freely over the entire imageyhereas Americans fixate
their gaze more intently on the focal objects (Masuda & Nisbett, 2001yhe participants were
first shown an underwater scene, and they thereafter had to explain what they had seen. While
Americans began by mentioning the big fishes they saw, Japanese were more likely to describe
the entire view, including the colours, plants, and the location. The next assignment involved
showing the participants 45 previously seen things and 45 novel objects. The backdrop was

altered for each of the 90 items, so each one may have the fmesting background, none at all,
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or a brand-new background. Indicating whether or not they had seen the object was a need
(Masuda & Nisbett, 2001).

Figure 4: An example of the animated underwater scene of the
study from Masuda & Nisbett (2001). The direction of the
AECOOA OB id illubratedAdy Grébws. Adapted from
Masuda & Nisbet{2001).

According to Nisbett, the disparity suggests a larger gap between the ways that East Asians and
Westerners perceive the world (Masuda & Nisbett, 2001)There are increasing evidence that
East Asians think holistically, due to the reason that they are more of a collectivist culture who
foster group harmony and decide with experiencébased knowledgeThey concentrate on every
element of a scene and how each part relates to the othgfBomasi et al., 2023)On thecontrary,
Western people emphassebeing independent and their individual liberty, because aivhich they

are attentive to specific objects (Tomasi et al., 2023).

In a research created by Nisbett, Chua, and Boland (2005), an dy&cking device was used to
evaluate where the participants' attention was focused on the photographs. This study was
inspired by the work of Masuda & Nisbett (2001). Chinese individuals moved their eyes between
the object and the background more than American participants, who mainly kept their gaze on
the primary object, the researchers discoveredSuch studies highlight the existence of the
analytic and holistic cognitive style, which differentiate Western and Asian cultures. Meanwhile,
the work from Masuda & Nisbett (2001) is a welknown research, which portrays that culture

shapes the process of thought, attention, and memory.
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2.3 Cartography and Cognitive Style

Only in recent decades, an increased focus on the intersection of culture and cognition in the
context of cartography, or the study of map readingand perception has been detected.
Communication and navigation become much easier when cartographic designers know how

PDAT PI AdO A

O1 OOOAT AAAECOiI 01T A0 AEEAADO EI x OEAU OA
The way a map is designed affects how a map reader perceives the respective map due to the

reason that maps are cognitive tools (Montello et al., 2018Jhus, the link between cartography

and cognition is a topc that is best understood withknowledge of map perception.The study by

%UOUET xOEA j¢mpuq OAOGAAI AA OEAOThé iktdtivessthgeiB hed OET T 1
period in which principles derived from practical experience and intuition were used to guide

i Ab AOAAOEIT 1T | % UHé psydhopltysicAlfphase taverstige process of how people

react to the features ofspatial symbols in the development of creating a map and how they

interpret and reason from it afterward. The third stage, the cognitive phase deals with mental

systems that are in charge of processing information and completing various tasks linked to

visual search, spatial memory, attention and morelhe fourth stage, the cognitivedigital, is the

current phase with which the cartographers are dealing. In tht stage, the rise of wekbased,

animated, digital, multidimensional maps and maps created with programming languages are of
importance. Additionally, apart from dealing with eye movements and visual perception again,
higher-level tasks with knowledge creation and magbased spatial decisioamaking tasks are the

T Ax OOAT A0 xEAOA AAOOI COAPEAOO AOA OA&EI AOOET ¢ OE
There are only few studies whichexist in the field of cognitive psychology and map perception,

as mentioned in the introduction earlier (chapter 1.1).Early studies on spatial representation

and how cultural factors influence the way people perceive space have been conducted by

Edward T.Hall and J.Brian Harley (Cosgrove, 2008 Jacob, 199h Over time, semiotics in
cartographic design, language and map reading, technological advances, and recently research in
cross-cultural map use and the integration with cognitive science are some key points of the
investigation of cultural influences on spatial cognition and map useJécob, 1996).Cognition

plays a role in visual image and design, spatial analysis, data collection, and even decision
processes. Thus, researching about cognition and cartography helg to improve the

functionality, usability and visualization of spatial information. Thereby, it iscrucial to

remember that each map user may have unique cognitive styles and skilidontello, 2002; Tian

et al.,, 2022). Researchers, such as Oyserman (2011), Montello (200and Tian and his
AT11AACOAO jq¢ngeq Ai DEAOEUAA OEAO AOI OOOA 1T AU A¢
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works. The development of cognitive cartography was crucial in this regard since it made it
possible to analyse how people perceive map components, graphic symbols, etc (Montello,
2002).

The study by Tian and her colleagues (2022) is among the most recent studies that are known in
the field of spatial ability and crosscultural variations. Researchers in this study examined
Chinese and Malaysian individuals' spatial abilities. Everyone has spatial ability in their lives, but
only a minority of research on the subject has shown how culture affects spatial ability. Eye
tracking was employed, and tasks including spatial visualisation, mental rotation, spatial
orientation, and spatial correlation were resolved in order to demonstrate how culture
influences spatial ability and the cultural differences between Malaysian and Chinese university
students (Tian et al., 2022). The study's researchers postulated that Chinese participants would
perceive things holistically, whereas Malaysian Chinese people would perceive things
analytically. These anticipations did not unfold as expected. In this way, the study advances our
knowledge of how culture affects spatial ability. Additionally, this study is one of the few that
concentrated on cultural groupings that are homogeneous in terms of culture but varied in terms

of geography, the effect of ethnic cultures, and other factors.

The cognitive style, map reading, processing, and interpretatioaf cartographic information is
the research topic of the study from Lacko and his colleagues (202s many studies, Lacko
used the theoretical framework of holistic and analytic cognitive styles to investigate the
difference between Central European and East Asian students through map reading tasks.
According to the results of an online hypothesis testing procedure called [ISndependent and
Interdependent Self Scalg.u & Gilmour, 2007) -, Asians were comparatively more collectivist
than Europeans(see Figure5; Above). On the other hand, CMMgCategorization of Multivariate
Map Symbolsz revealed that Asians adhere to the holistic way of thinking, while Europeans
subscribe to the analytical mindset (see Figurg; Bottom). Apart from that the authors were able
to show that crosscultural differences exist between Czech and Chinese/Taiwanese people
(Lacko et al., 2018).For significant results, further research was suggested for ®&etter

understanding.
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Individualism

Collectivism

Error bars: 95% CI

Mean score

00 e

Czech:

Culture

Error bars: 95% CI

Mean score CMMS.

Czechs Chinese/Taiwanese

Figure 5: Crossultural differences between Central European and East Asian participants. (Lacko et al., 2020). The
above represents the findings of 1ISS and the plot at the bottom CMMS results, @herealuedmeansolistic mindsed
(Lacko et al., 2020). Copyright 2020 by Studia Psychologia.

3O0AAET P AT A EEO AT 11 AACOAO DPOAOAITsthHd £2018)./A0060E AOI AC
and Chinese map users, specifically university students, were asked to complete map reading

tasks on the localization of a cartographic symbols and background fragments from reference

maps (see Figure6). Considering the variety of holistic and analytical cognitive techniques,
researchers employed the FLT FramedLine Test from Kitayama and his colleagues (Kitayama

et al.,, 2003) to measure the cognitive modalitiesAs a result, the only two sorts of tasks that
participants had to complete were localising backdrop segments from the map and localising

given figural symbols in reference maps. These tasks were followed by an adaption of FLT that

needed to be solved.

The researchers anticipated that East Asians would do significantly bettat the relative task in
FLT, indicating that they are more holistic. In addition, people with holistic cognitive style would
be quicker at exploring the background segment than analytic thinkers who focus on focal
objects. The findings showed how map reading differs across cultures, but the hypotheses could
not be statistically supported. Western participants displayed a holistic manner of cognition,

whereas Asian individuals displayed an analytical approach. Listed as sometloé many reasons
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for such contradictory results were the small diversity of participants, and the subject matter of

OEA OOBOAU j 3O0AAEI Ph c¢cmpyQs

Figureéd, %@Al P1T A 1T £ OEA 1 Ab OAAI
AAAECOI 61T A OAcCIi Al @ OB B 4.F2018)
Copyright by OpenStreetMap contributors. Adapted from
O # Otulfual differences in figureground perception of
cartographic stimuli 3 O A AeEdl.,£2018).

Based on the aforementioned studies, we may hypothesise that people may unintentionally use
their available knowledge throughout the information processing, decisionmaking, and
judgement processes in order to be reasonaplbased on their experiences (Oyserman, 2011).
Such available knowledge is caused by routine living, habjtand - most importantly for this
research - the cultural upbringing (Oyserman, 2011). To understand this knowledge and its
accessibility, it could be beneficial for individual testinglt is also essential to compare different
countries and cultures and to take into consideration individuals who are not university

students.
2.4 TouristMap

Tourist maps are one of the wellknown cartographic products which help nonrlocal people to
explore a new placeand to promote places(Zheng, 2014. The rising desire of society to travel
and see different locations and cultures is one of the main factors driving the growth of tourism,
thus, the growth of tourist maps (Jancewic& Borowicz, 2017). Such tourist mapsepresent the
geographical distribution of a specific area in a simplified manner with only the needed
information for the visitors. Points of interest and landmarkssuch as famous districts, places for
sightseeing, museums, restaurants, and parks are visually highlightédtourist maps (Jancewicz
& Borowicz, 2017). Kowalczyk (2015 in Jancewicz & Borowicz, 201) states that tourist maps
are not defined for aspecific target audience because dferent tourists may have different

interests, while landmarks with a specific visual appeal may be used for a variety of purposes.
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For example, one tourist map user is interested in the famous landmarks and the museums,
while another one is eager to know the shopping places. Thus, the main task for map designers is

to evaluate these components and who will be using the map (Jancew&Borowicz, 2017).

For the tourist maps, elements of topographic contents play an important role for field
orientation (Jancewicz& Borowicz, 2017). Thus, if a map can be used as an orientatipthepends
on the accuracy of depicting geography in a clear manner, which is of great difficulypart from
that, similar to how global geographic maps are shown, tourist maps display linear aspects, such
as transportation networks or waterway networks in a more generalized way (Eboy, 2017)n
order for a tourist map to be useful and clear to map users, it is also crucial to proportionally
incorporate landmarks, pathways, district hames, boundaries, and locations of interesin
Chapter 3.3, an example of a tourist map from thety of Belgrade is presented, which displays

how the landmarks, points of interest, and other information are highlighted (Figuré2).

The tourist map used in this thesis was selected since it is currently among the most commonly
utilised cartographic products. As was previously noted, travelling and learning about different

AOI OOOAO EO AiIT OEAAOAA A O1I EEZAOOUI Ao OAAAT Ol UK
(Jancewicz& Borowicz, 2017). Signs and landmarks from the tourist map design can be utilised

in this thesis' experiment. Since the majority of tourist maps already visually draw attention to

key information? for instance, the tourist mapof Belgrade draws attention to it by using the

colour red (figure 12)? other tourist maps that are appropriate for this research were created

especially for this thesis (for further details, see chapter 3.3).

As asummary of chapter 2 the study of theconnection between cognition and culture explores
how cultural contexts influence perception, decisioamaking, and cognitive functions (Ember &
Ember, 2009). Cultural differences can be seen in cognitive style, which is a term used to
describe personal preferences for information processing, such as holistic versus analytical
thinking (Nisbett & Miyamoto, 2005). In the context of cartography, how cultural context affects
map reading, spatial cognition, and design is examined herBeople's views, preferences, and
interpretations of maps are influenced by their cultural origins, which affects how they navigate
and comprehend geographical information. People's encoding, processing, and recall of
information from maps are influenced by cultural elements including language, symbols, and
spatial relationships. These variations in culture also apply to map design since many societies
may have particular preferences for particular types of representation and symbols used in
maps. Ultimately, producing effective, usefocused maps that appeal to a variety afustomers
requires an understanding of the cultural impacts on map readingnd the differences between
21
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each society After going over the main points of thecultural influence on cognition in the
context of cartography and applying all the knowledge from this theoretical section, the next
chapter will provide specifics regarding the study of this thesis and the objectives for which the

experiment was designed.
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3. Methods

The workflow and methodology of theexperiment are explained in thefollowing section.

3.1. Study Design

First, the concept was evolvedIn order to analyse the hypotheses of this thesigutlined in
chapter 1.3, anexperiment with eye-tracking was set up.The experiment was shaped intofour
sections(see Figure7). It has to be pointed out that this study has a mixed design modethich
combines quantitative and qualitative research methods to gain a more thorough, elaborated
understanding of the research(Field et al., 2012) In the first part, the participants solved a
preliminary test, which included psychological experiments and quiz. The aim ofthis part is to
find out, if the participants solve tasks and answer question with holistic or analytical cognitive

style.

Part1
Preliminary Test: mavon Task, Stroop Task & Quiz to Holistic/analytic Thinking styla

v

Part 2

Main experiment: miap stimuli test

Independent Variables: map design, cultural background
Dependent variable: response, response time, eye movements

Map Stimuli Map Stimuli Map stimuli Map Stimuli Map stimuli Evaluation
Task 1 Task 2 Tosk 3 Tosk 4 Task 5 Task

v
Part 3

Paper Folding Test: spatial visualization ability tast

v
Part 4

Questionnaire: demographic and background information

Figure 7: Overview of the study design

In the main experiment, five tasks needed to be solvedh each taska map display anda set of

map stimuli were presentedwhere the participants had to answer whether they ha seen them

IO 1T10h AO ET - AOOAAInadditiok @Ghekau@tionGaskwaOdtlded 10 thet o

main experimentET T OAAO OT AT 11 AAO NOAI EOAOEOA ET &I Oi AC

of the displayed maps The first of two independent variables which were manipulated in the
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main experiment is the analytical style (crossculture, between-subject) with two levels: analytic

(Swiss) and holistic (Tamil). The second independent variable is the question type (within

subject, map types in main experiment Respectively, the dependent variabke are the measured

data, such as accuracy, response timeaction time, fixation duration and number of fixations in

AOI. The experiment setting and its environment is the extraneous variable of this studyAn

extraneous variable is a factor which might influence the outcome of the experiment, although it

EO 110 OEA AGPAOEI Al OBoball gEitidigads the dightihds ddnditiohsh theg 1 ¢ o A q ¢
location, the experiment materials, the process, and the experiment conductor were the same.
Crossecultural studies using qualitative methodologies are noted in the cultural research field

(Wutich et al., 2021).Though an empirical approachwas used here it integrates qualitative and

NOAT OEOAOEOA [ AOGET AOh OOAE AO ET -AOOAA Q . EOAAOD
After the main experimert a spatial ability test in form of a Paper Folding Tesivas added to

measure the threedimensional spatial visualization ability (Workman & Lee, 2004)A spatial

ability shows individual differences in spatial tasks performance (Ishikawa & Kastens, 2005).

Lastly, a questionnaire about demographic and background information of the participants

completed the study.In order to ensure that responses to background information questions had

no impact on the main experiment, the questionnaire was carried out in the end.
3.2. Preliminary Test

The aim of the preliminary test was to gain prior knowledge about holistic and analytic cognitive
styles and whether the Tamil participants and Swiss participants could be differentiated ito
holistic and analytic thinkers. Therefore, | set uptwo psychological experiments anda quiz All
the tasks were gathered together and conducted with Psytoolkit (Stoet, 2010, 2017kach
participant solved all the three subtasks in the same order, as they are listed in the following
subchapters, 3.2.1 to 3.2.3The recorded measures inthe Navon task are reaction time and
accuracy. Forthe Stroop task the recorded measure is @action time and for the quz the
response was collected. All these measures represent the dependent variable of this preliminary

test.

3.2.1 NavonTask

For the first experiment of the preliminary test, Navond O -kndwnitask was used KNavon,

1977). According to his study, there are global and local features when things are arranged in
groups. Forinstance, infigure 8, the examplelooks like an H, which is the global feature. The
numerous small letters X thatmakesup the figure are distinguished as the local feature (Stoet,

2010. 2017; Navon, 1977). Analytical and holistic theories suggest that the analytical cognitive
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style is associated with local processing, while the holistic cognitive style is associated with

global processing (Peterson & Deary, 2006). To distinguish between holistic and analytical
thinkers, various studies employ variations of Navon figure to ass® AT ET AEOEAOAI 80O
global processing (Lee et al., 2021; Lacko et al., 2020; 2023).

X X
X X
X X
XXXXX
X X
X X
X X

Figure 8: Navon task example
(Stoet, 2010, 2017)

PsyToolkit developer Gijsbert Stoet already designed Blavon Task, which we translated ito
German language,and which functioned as the first experiment of the preliminary test(see
Appendix A) (Stoet, 2010,2017). The implementation has 50 trials and for each trial the
participants have 2 seconds to decide whether they see a target (H oiirCthe task) (Stoet, 2010,
2017). According to several studies, as mentioned by Lacko and his colleagues, at least 32
number of trials is considered satisfactoryfor Navon tes{2020; 2023). A task instruction in the
beginning and a feedback at the end are given. According to the theory and other studies, people
with global processing (holistic cognitive style)should answer faster and with fewer mistakes
(Navon, 1977; Lee et al., 2021Lacko et al., 202 This leads to our assumptions for this task
that Swisspeople will be relatively slower on a global leveland relatively quicker onalocal level

than Tamil participants (Peterson & Deary, 2006; Lacko et al., 2020).

3.2.2 StroopTask

One of the mostoften used psychological experimerg is the Stroop Task, which was first
mentioned in English by John RidleyStroop (1935). The Stroop phenomenon illustrates that it is
easier to name the ink colour if it matches the colour wordcongruent). Whereasa delay in
response time arises if the ink colour and the colour word mismatchillustrated in figure 9
(incongruent). Thus,the delay in reaction times between congruent and incongruent stimuli
illustrates the Stroop effect (MacLeod, 1991).

Congruent Incongruent

25
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There exist many variationswith other stimuli than coloured words based on theStroop effect
(Stoet, 2010, 2017; MacLeod, 1991 Additionally, many studies aimed to determine genderage,
or language differences on thestroop task (Baroun& Alansari, 2006; Strickland et al., 1997)A
study from Alansari and Baroun revealed with their study that Kuwaiti college students achieved
greater performance than British counterparts onStroop colour and word test, which predicts
that cultural variable influences cognition (2004). Using Stroop-type tests, some research
examined the hypothesis of local and global processing between individuals (Martin, 1979;
Alivisatos & Wilding, 1982). There is no particular research that connestthe Stroop test with
holistic-analytic theory, as far as thewuthor of the thesis is aware ofBased on that, the purpose
of this preliminary test experiment is to determine whether or not participants from Tamil and
Swiss backgrounds can be distinguished using tHgtroop test, and consequently, whether or not
culture affects the Stroop task performance which is based on the holistic and analytical
theories. Given the lack of research on the relationship between culture an&troop
interferences, it remains unable to establish a clear hypothesis regarding which cultural group
will perform better. As a result, it is anticipated that there would be significant variation in the
Stroop test results between the two groups, with one group performing significantly better than

the other.

In this task again, an available Stroop Test from Psytoolkit was redesigned into German
language (Stoet, 2010, 2017)For the images, the programm Inkscape was usednkscape,
2023). The experiment has 40 trials with instructions in the beginning andlastly, a feedback
about the response times in congruent and incongruergtimuli. To calculate theStroop effect,
the average response time in incongruent is subtracted from congruent trials (Stoet, 2010,
2017). Instead of naming the colours, as in the original study, the requirement in the experiment
was to press the respectivdirst letters of the colours on the computer keyboardThis makes it
easier to measure the key presses only and not the time it takes to name the colours (Stoet,
2010, 2017). The independent variables of this task are the congruent and incongruenstimuli,
whereas the dependent variable is the total reaction timeln Appendix B, an exampleof some

trials from the taskis illustrated.
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3.2.3 Quiz

As already mentioned, in chapter 1 and in chapter 2, holistic thinkers classify objects based on

the relationships and the family resemblance, whereas analytic thinkers classify based on the

objects, their characteristics and rulebased category Masuda & Nisbetf 2001). In a study from

Chiu (1972), three objects at a time were shown to American and Chinese childrand they

were asked to pick two suitable objects and to justify their answerMasuda & Nisbetf 2001;

Chiu, 1972).4 EA OAIi A OAOGO xAO OOAA [l Way & thitkkidgdn th®T AEET A
internet (CummingsRL, 2017, Access:12.07.2Fo0r example, in Figure X, choosing the answer

OOO0AET & x1O1 A 1AAA O EI |1 EOOEApunicEtiahspoltdtiaps. A A A A
#EI1 1T OET ¢ OOE AE A Ginsedck datégori dué #h Ahe fadd éat Avithout a ticket one
cannotuse the train.

As mentioned in chapter 2.2, Masuda & Nisbett asked their participants to describe what they

had seen in the 20 seconds aquarium video shown beforehand (Masuda Nisbett, 2001).

Inspired by this study method, we included two questionswith two images each besides the

eight questions with the triple objects (Figurel0, bus).In the last two questions with the images,
participants had to chooseamongtwo sentences, whichwere basedeither on holistic or analytic

thinking. In Appendix C, the full quiz part is included.Here is an example from the quiz in figure

11, an image of a table is illustratedODOET 1 ! xAO O! x1 1T AAT OAAT A xE(
AAT AA OAAT ET OEA PEAOOOA8B8SG 7EEAE Ok@ngd O1 OE;
OEA EIT1EOOEA 1T1TA O/1 OEA Ei AcAh A OAAT A AAT AA C
AOGOGAT AT A AT A OEAOA A 1 AAI 806 | OOAT K aAiGifae thaEOT | ' A

Swiss people will select more analytical options than holistic ones whereas Tamil people will

select less analytical options
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2. Welcher der beiden

Billett

Figure 10: Example of one quiz triawith
three objectsin German language designed
with Inkscape, inspired by CummingsRL

(2017, Access: 12.3.23)

Vibiga Ruban

Figure 11: Example of one quiz trial with
an image, inspired by Masuda & Nisbett

(2001)

Methods
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3.3. Main Experiment

4EA 1T AET A @bAObiodkintihé degréefo lwhick Att@ntion might be assumed as
holistic or analytic (Masuda & Nisbett, 20@). Therefore, the memory for environment and for
objects where they have been displayed in the map and in thstimuli from the map will be
examined.Each participant solved five tasks with five maps and in each task with one map 18
stimuli from the respective map were displayed to answer, if they lthbeenseen or not.Before
the actual experiment was conducted each participant had to solve a trial task in order to
understand the structure of the main experiment. To measure the eye movements, the eye
tracking technology was implemented.This method analyseswhere participants look on the
maps and how they readthem (Brodersen et al., 2002).After the map-reading task about
remembering map cutouts from five maps, an evaluation task was conducteab the qualitative

part of the main experiment.

Creating the maps and selecting the map stimuli for the task was undoubtedly the most
significant aspect of this study and this eydracking experiment. In the next subchapters, the

essential steps for creating the maps and the respective tasks are explained.

3.3.1. Map SamplesQeation

3.3.1.1. Selection stage

Tourist maps are vital tools because they graphically identify notable locations, restaurants,
parks, and other places of interest so that people may find their way to the locations that most
interest them (Grabler et al., 2008)Today, out of all the cartographic outputs, tourist maps are
the ones that are physically utilised most. Due to their poor landmark recognition and lack of
context information, digital maps are frequently utilised as navigational tools rather than as
tourist maps (Grabler et al., 2008).More information about tourist map was elaborated in

chapter 2.4.

According to that, in this main experiment, maps were based on the tourist map designs. Tourist
maps aregeneralized,and the informational content is not overloaded The aspects of simplicity
complexity play an important role in designing a map, for with reason some map elements
were reduced in each mapFeatures suchas map scale display or map legend were eliminated
from the study maps.Asalready discussed in chapter 2, the example of a tourist map which has

inspired the maps from the main experiment is presented in Figuré&2.
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The location of the map was @& important decision. The main experiment was created for
experimental purposes thus,any familiarity with the location had to be avoided.Therefore, we
chose the city of Belgrade as from Figur&2, due to the reason that no participants could read
and understand thelocal language.Belgrade functions as an adequate location for the map
samples consideringthe factthat this place includes waterbodies, greerields, nharrow streets,
and wide streets(Figure 12). For the trial task a place in Oslo, Norway was chosen with two

example mapcut-outs (see AppendixH (map samples slides).

ZEWUN|

lhe,

BEOGRAD

mapa grada | city map

»d| Tourist
Organization 3
of Belgrade ;

& &
AVALA MOUNTAIN ¥

Figure 12: Inat, 2023: Belgrade Tourist Map (Access: 12.07.23)
3.3.1.2. Creation stageBase Maps

After selecting thelocation and the tourist map design, the next step for creatig map samples
was to get a first draft of the map skeleton in the respective colourdlapTiler is a global map
service provider, where most of the maps are based on OpenStreetMap data (Maptiler, 2023,
Access: 13.07.23)Here, everyone can use the available base maps, modify the colours as one
wishes to, and can use it for further research. Instead of the online version of MapTiler, in this
study, we used MapTiler plugin from QGISDesktop 3.30.2 (QGIS.org, 2023) create the base of
each map(Figure 13). For the novelstimuli of the map, for each base maphe samebase map
with another location was exported which are called novel base maps hergigure 13 illustrate s

the first base map Theother four base maps and thaovel base maps are listed in the Appendix
D&E
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Providing a visual representation of data is amessential process in visualisation. The mapping of

numbers to colours is one of the most significant and essential aspsdif this process (Moreland,
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Figure 13: Screenshot of QGith MapTiler plugin for creating the first base map of the

main experiment.

2009). Choosing colours based on the nature of the data wéhsurethat the message of the map

is understandable.In this main experiment (the same coloursfor base map 2 & 3 different

colour values were choserfor each base mapin base map 1 (Figuredl4), we decided to use the

same colour values as from the basic map design from MapTiler (Figurg3). Here the colour

lightness for the water bodies and the green areas were slightly changed, and the buildings were
removed." AOA 1T AP 108 p60O Al 11 OOSwidsEdpaglaphd mapQidsigrE T OPE O,

(swisstopo, 2023). For the base mapsir. 2 & 3, we opted for grey colours and the main roads

)
E 3
i %
£ 3
[ '%L
™ &
s, > §
g, a, &
i, e, S
, "o o
S o, %
ey, f - S,
o, 5 e -
\.%‘ p i o gl ;
S o &
By T, S e e
o, s, o, e #
G o, g, *‘w&& % T,
4, o, o, ® S
e, o <N
S
K L %,
o N & , s B %
§ ¥ ",
oy, 5 ‘%"'». & *Vs,;v ",
2 F o,
o i, oy ) o s
T £ 5 e, e o
= r N
5
; :
i 3
¢ 2
z e
5 e
Y i
= % 31

Figure 14: Base Map NLi created with QGIS Desktop (QGis.org, 2023)
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were coloured in a different colour (see AppendixD, Figures50 & 51). Base map nr. 4is
representedin light colours and, in contrast, base map 5 lsahighly visible colours, such as dark
red (Appendix D, Figures 52 & 53)In general, each map is coloured differently to avoid bias and
to compare the maps andheir results, which will be elaborated in subchapter 3.3.2All the base
maps were exported as .pdf, .svg, and .ai files for further desigim. addition, the map for the trial

task was used without any changes and without any symbols on it.
3.3.1.3. Creation stageSymbols

The last step for the final maps was to place the symbols and the attractions on the base maps.
Therefore, Adobe lllustrator andicons from public domain vectors were used Adobe In., 2023;
Public Domain Vectors, 2023)First of all, we opened the .affile with Al, where a second layer
was created In this layer the icons were imported and positioned on the whole basemap. On
each map five attractions such as the cathedral arfive symbols such as the petrol sign were

included (i.e., see figure B).

Figure 15: Screenshot of Adobe lllustratarhile creating the first final map.

When creating thematic symbols, it is important to encode information about the represented
object, which will help map users to understand the symbed | AAT ET ¢ AT A O1T 11T AAOQ
search (Forrest &Castner, 1985).In addition, search time decreaseslepending on the places

and their positions. The maps for this study do not aim tenake participants understand the
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relationships between symbols and its surroundings. Thus, somieons are located in order to
understand the relationship betweenthem, and someicons are positioned at random placesThe
colours are different for each mapaccording to the base map coloursAdditionally, the novel
base maps were designed with thécons used in the respective base mapslThe reason for
choosingdifferent colours for the symbols and the base maps and generating a novel base map
with the sameicons will be elaborated in the next subchaptes 3.3.2and 3.3.3 where the final

study maps are illustrated (Figuresl6-20).

3.3.2.  Map Designs

4EA CiT Al T &# OEA 1 Ap AAOGECT xAO O 1T ETEIEOGA Al I DI
objectives and research questionskive maps with the same goalvere created to examine the
research question and the hypothess with different designs and with differentsymbols (Figure
16-20). The novel map design outcomeswhich were used for the novel map cubuts are listed
in the Appendix E, more in subchapter 3.3.3The level of visual information that a person can
retain simultaneously for ongoing tasks is explained by their visual working memory (VWM)
capacity (Isbell et al., 2015)Different studies found out that the capacity of VWM is limited
(Isbell et al., 2015).Hence, he maps weredesigned minimally to ensure that the participants
were able to observe the map thoroughly in the given timeTen symbols were added to each
map to allow participants to observe it without overloading it with information, as the purpose
of this experiment is not to determine the maximum amount of memory tht can be usedThe
bigger symbols are defined as attractions in the r&a of Interests (AOls)tags and the smaller

symbols as signs in the AOI tags (read more about AOI in chapter 3.3.3).
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Figure 16: The final version of map nr. 1, which was used for the main experiment
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The goal of this mapwas to find out how the participants observe the mapaccording to the
hypotheses from chapter 1.3.1As mentioned in subchapter 3.3.1.2, light colours for the base
map were used. The aim in this map was to colour the icons inconspicudwso that the icons do
not stand out from the rest. Therefore, a saliency analysis wasirried out for each map, which
will be elaborated in the subchapter 3.3.2.1The assumption throughout the study especially for
all five maps,is that Tamil participants will focus on the background and will observe field
dependenty, whereas Swiss participants will focus on objects and its characteristics and will
observe fieldindependently. Therefore, the assumption for map nr.1 is that Swiss participants
will have a higher total of fixation duration than Tamil participants, whereas Tamil individuals
will have a higher number of fixations than Swiss individualsThis hypothesis is expected to be
true for the whole map and also for the icons (symbolspn the map, differentiated irto

attractions (bigger icons) and signs (smaller icons).

Map nr.2 andMap nr.3

o o

i
- cung
Y9 Hacyyy i

Figure 17: The final version of map nr. 2, which was used for the main experiment

The secondand third map (Figure 17 & 18) consist ofthe same colours for the base maps and
the icons. On the second map, the streets are further apart, there are a lot of green areas, a river,
and other free spacesln contrast, the third map consists otight streets, more street labels, less
green areas and no river. The goal is to compare both mapsfor which reasonone map with
wider streets andone map with narrow streets were chosenThe presumption as for map nr.lis
that the number of fixations will be higher for Tamil than Swiss participants, whereas the total of

fixation duration is higher for Swiss individuals This is assumed for the icons from the
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respective maps, too Map nr. 2 and mamr. 3 will also be compared to each other in order to

reassure the assumptions mentioned before and to find out if the choice of different city

infrastructures have an influence on the outcome.
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Figure 18: The final version oimap nr. 3, which was used for the main experiment

Map nr.4 and Map nr.5

As maps nr.2 & 3, the4th (Figure 19) and 5t map (Figure 20) will also be compared to each

other. Therefore, the colours of the base maps were changed but the colour of flsens and the

location of the city are the same for both maps.
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Figure 19: The final version ofmap nr.4, which was used for the main experiment
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The colours of base mamr.4 are light so that the icons are in the focusWhereas map nr5
consists of highly visible base map colours, so that participants are irritateloly the colour choice.
In general, the aim of the last two maps is to compare a map foaug on the icons (Figurel8)
with a map focusing on the surroundings (Figure 19) through colour choices. Despite the
different colour choices and the different focuses, it is expecteaainthat Tamil participants will
have a lowertotal of fixation duration and Swiss participants a lower count of fixations. With the

comparison of mag nr. 4 and 5, the prediction is that the colour choices of the maps will not
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Figure 20: The final version of the map nB, which was used for the maexperiment

have an influence on the assumptions about both groups related tbhe number of fixations and

the total fixation duration.

Finally, all five maps will be compared in order to see whether there are any differences between
them, considering the hypothesis about the number and duration of fixations for participants

who are Swiss and Tamil.
3.3.2.1Saliency Analysis

The human visual system selectively attends to the relevant areas of interest within a scene in
order to process the enormous amount ofncoming information. Thus, it has been suggested
that, attention is drawn to areas or things that stand out from the backgrounavhen people look

at visual scenes without any specific objective in mingKoehler et al., 2014 Walther & Koch,

2006). Fixations, a series of rapid eye movements, are the means by which the selective
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attention process is accomplished. It is crucial to predict the areas where the human eye fixates,
as these regions may be utilised fothe task creation(Borji & Itti, 201 3). Computational models
known as visual saliency models are used to forecast the areas in which the human eye fixates
Such saliency models make use of bottonp processes or topdown processes.The top-down
model is a goaloriented process dependent on higHevel elements including previous
knowledge, user expectations, task question, and scene conte®n the other hand, bottomup
model is an autonomic, stimulus-driven mechanism, where certain elements of a scene, such as
colour, edges, motion, or brightness unintentionallyattract | T A8 O A(Bidek K Géaldbérg,
2010). From the bottomup perspective, it has been proven that saliency models can predict eye
movements (Koehler et al., 2014)Saliency models can therefore be used to test the selection of

the map layout in cartography as well as to predict eye movements (Fabrikant et al., 2010).

Saliency analysis was employed in this study to establish which regions of the map will be given

more attention than others. A saliencyanalysisis helpful in choosing the mapcut-outs for the

tasks because each map design is unique, containing diverse scenes, symbols, and colgach

of the five map designs should include its own saliency maphus, the saliency model created by

Walther and Koch was employed to forecast which areas of each of the five maps from the main
experiment will be focused on by the participants in order tcselectthe respective map cut-outs

for the tasks (more in 3.3.3) and to test if the saliency maps are more or less different for each

map design(Walther & Koch, 2006)

4EA EEOA 1T AP0GOS OAI EAT AU 1 APO zYWetsibn 2BQWakieASA OOET (
Koch, 2006) from Matlab R2023az Version 9.14.0 Matlab, 2023).7 A1 OEAO AT A +1 AE8 O
model (2006) is basedon the initially developed attention system by Itti and his colleagues

(1998). Colour, orientation, and intensity are the threaelevant featuresfor a saliency mapwith

equal weighton each of them

The saliency maps for the first and fifth maps are shown ifigure 21. AppendixF contains the
saliency maps from the other task maps. As might be expected, the separated green areas and
waterbodies in the first map have the highessaliencyvalues. A higher saliency value igather
assigned to some of the larger symbols/attractions than to other symbols with a lower saliency
value. In contrast to map nr.1, map nr.5 features bright colours that makiae location of the
attractions and symbolsmore challenging As a result, he saliency map has the highest saliency

value at the crossroads on the map.
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Map Nr.1
SaliencyMap
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Figure 21: Maps nr. 1 and 5 with their saliency maps. Low salience is represented in dark colours, whereas high sali

is represented in bright colours.

3.3.3.  Map Stimuli Ceation & Trial Planning

In the main experiment, after each map 18map stimuli (cut-outs) were shown to the
participants. Eight of the 18 map cut-outs had appeared in therespective map Objects from
these picturesinclude symbols, attractions, andbackground stimuli from the prior map. The
other eight map cut-outs consist of objectswhich had not appeared in the map displayThe
stimuli were combined with objects and the background information, as illustrated inable 2
(Masuda & Nisbett, 20Q). Each previously seen or not seen object could have the original
background, nobackground, or a novel background, which means a background that did not
appear in the map displayln total, six different conditions were there: a) previously seen objects
with original background, b) previously seen objects with no background, c) previously seen

objects with a novel background, d) novel objects witithe original background, e) novel objects
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with no background, f) novel objects witha novel background (Masuda &Nisbett, 2001). In the
study from Masuda and Nisbett (2001), for 90 magstimuli with previously seen and not seen
objects 46 focal fish, 14 moving animals, 16 not moving animals and 14 field objects were
included. According to that, in our main experiment, we have chosen nine attractionsix
symbols and signs and three field objects ér each map display taskconsidering the saliency
analysis as previously mentioned in subchapter 3.3.2.1n Appendix G, the prepared mapcut-
outs/stimuli for each map are illustrated.

Table 2: Examples of objects used astimuli for the maps. Task condition names were used from
the study from Masuda and Nisbett (2001).

Previously seen object Previously seen object Previously seen object
with the original with no background with anovel background
background
%&‘
Novel object Novel object Novel object
with the original with no background with anovel background
background

More uncertainty exists in answers estimated from fewer trials than from many trials. The
results of a few trials might not be as indicative of the truth as those of many trials (Lacko et al.,
2023). The experiment's duration may increase if many trials are tested, and the participants'
attention spans might decline over timeConsequently, the trial design for this examination was

carefully plannedto follow the study design from Masuda and Nisbett (2001).

Figure 22 shows how the 18 questions for each taskfive tasks in sum- were asked.Masuda &

Nisbett used 90 objects to let the participants decide if they have seen them in the previous
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aguarium scenario or not (2001).According to this, in the main experiment,90 map cut-outs for

all the five map displays were designeald. The 90 mapcut-outs were elements from the shown
map and the novel mapThe mapstimuli have the exact same size as they were represented in
the mapitself. As illustrated in Figure 22, in each task the same questio(if you have seen the
map segment in the previous map was asked and participants were able to click oGYes or

(Nod In AppendixH, all the tasks from the main experimentre illustrated.

a) Hast du den folgenden Kartenausschnitt in der vorherigen Karte gesehen?
(Klicke auf die entsprechende Antwort.)

Ja Nein

Figure 22: Screenshot of one task from the main experimenGerman language.

Although all the stimuli with the six different conditions (Table 2) were created and randomly
used for all the 90 tasks, only the previously seen objects, especially the previously seen object
with novel background were of importance. In order not to confuse the participantswith the
samemap cut-outs and tasks the stimuli with the 6 different conditions were usedWe predict
that all the participants will answer stimuli with original background and previously seen
objects without background with esd Apart from that it is expected that Tamil participants will
answer previously seen objects/stimuli with a novel background with ®Mod whereas Swiss
individuals will answer that they have seen them. To analyse this assumption specific
predictions were created to simplify the analysis with Tobii Pro Lab(more in the next
subchapter) and metrics such as accuracy, response time, and the number of mouse clicks for
respective answers were usedlThe assumptions which support the hypothsis from RQ2 are the

following:

- The accuracy ofyesdanswers for Swiss participantswill be higher than the accuracy ofhod

answersfor Tamil individuals.
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- The response time for objects witha novel background will be higher for participants with

Tamil background than Swiss participants.

- The frequency ofQyesdanswers in mapcut-outs of figures with a novel background will be

higher for participants with Swiss cultural background than with Tamil cultural background.

3.3.3 Eye Tracking & Experimental Desigith Tobii Pro Lab
3.3.3.1FundamentalPrinciples of Eydracking

yT AT OE 11 O1 Al Al Athe&ye&Have Reki a wihtioly @ithA digdifor Gdne than a

that we perceive the world through our eyes. Therefore, eye tracking techniques can enhance

our knowledge of the mind and how it develops. Our eyes convey an extensive amount about

what we are thinking and experiencing (Karatekin, 2007; Brodersen et al., 2002)The eye
OOAAEET ¢ OOOAEAOS 1 AET DOET AEDPI A EO OEAO DPAIDBPIA
process at that specific moment (Wedel et al., 2023). Eye tracking is an objective method, where
measures regarding the visual attention to specific scenes are quantitively recorded (Wedel et

al., 2023) The fact that the data obtained by eye tracking can be quite enormous in size and

difficult to analyse is perhaps its main disadvantagé€Brodersen et al., 2002). The first eye

tracking studies in cartographywere conducted in the 1970s Nowadays, the influence ahe eye

tracking method is noticeable in cartographic research (Krassanakis & Cybulski, 2019).

There exist different types of eye movements. The most important orig the eye fixations, which
referstothel T 1T AT O xEAT OT1 ATTAB80O AUAAQA9OFHGES otfief hard, BT ET O
saccades are the eye movements, where the eye rapidly moves from one to another point (Tobii

AB, 2019). These types of eye metrics allow for the assessment of various metrics. The number

and duration of fixations aretwo metrics of interest in eyetracking studies (Tobii AB, 2019;

Brodersen et al., 2002)In addition, other eyetracking metrics such as the area of interest (AOI)

will be discussed in detail belowFor this study the number of fixations, fixation duration, mouse

clicks in the Qesdor ModAOIs, AOIs of the maps, attractions, and the signs, and the time to the

first mouse click will be analysed. Due to the scope of this master thesis only these few -eye

tracking metrics will be considered.
3.3.3.2Executionin Tobii ProLab

The eye movements were monitored using the Tobii TX300 scredrased eye tracker and Tobii

Pro Lab software (refer to chapter 3.6 for further details). The Tobii Pro Lab software provides
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functionality to support the researcher through all phases of an eye tracking study (Tobii AB
2019, 2023c). The design of an experiment can be implemented directly or a designed
experiment with other software can be implemented in Tobii Pro LabThus,first this study was
designed inPowerPoint (see AppendixH) and then implemented in the Tobii Pro LabVersion
1.217 (Microsoft, 2023a; Tobii AB, 20230. In PowerPoint, for the first task, the first base map
was portrayed followed by the 18 questiors as shown in figure22 3.3.3. As the first task, all the
other four tasks were designed. Through text slides, instructionsvere displayed in the
beginning, end andin between each taskTwo timelines were added to a single project in Tobii
Pro Lab:for the trial task and another for the main experiment (see Appendix J)All the slides
created in PowerPoint were added to the project in Tobii Pro LafMicrosoft, 2023a). Each map
in each task was displayed for 45 seconds and without any mouse click the first question of the
respective task appeared. For the other map stimuli, the participants were instructed to click on
e or Modto advance from one map stimuli to the next. Additionally, the clicks from each

question were recorded if the answer was &YegHor Nodthrough AOls
Definition of Areas of Interest (AOIs)

In order to conduct a more methodical and statistical analysis of the eye tracking dateas of
interest (AOIs) were established (TobiiAB, 2023e).It is quite uncommon for people to fix their
gaze on the same spot on a stimulus. Taveryone this problem, researchers establish areas of
interest (AOIs) on a stimulus that are particularly relevant to a particular studyDrusch et al.,

2015).

The questions' stimuli covered the AOIs for the responses "Yes" and "No" (see Fig@®.
Finding the final responses was the aim of the AOQIs for the stimuli with the question&here the
mouse click metrics were observedPossibleanswers could also be clicked outside th&esdor
Modbox. Therefore,both AOIs were selected to be larger than the provide@esdor odanswer

boxes to click in order to detect every final response (mouse click).

Gaining an understanding of the observation process and determininpe difference between
Swiss and Tamil participants is the ainof the AOIs in the map stimuliln the stimulus of all the
five mapsthe symbols were covered as AOIs (see Figugd). Ten symbol element AOIs in total
were produced for each map as a resultn addition, the symbols were divided into groups of
attractions and signs through AOI tagsThe objective of the symbol element AOIs is to compare
participants from both groups by analysing theeye-tracking metrics, number of fixations, and

fixation duration. There are ten Areas of Interest of the symbolsfor each map, with the AOI
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sizes varying according to the symbol sizes, and one AOI for the whole map. A preliminary
analysis revealed that the symbol sizes were used to determine the AQOI sizes for the symbols in
order to avoid having a negative impact on the eye tracking data and to enable the detection of

fixations.

a) Hast du den folgenden Kartenausschnitt in der vorherigen Karte gesehen?
(Klicke auf die entsprechende Antwort.)

Ja Nein

Figure 23: Screenshot othe division of aquestion stimuls into question element AOIs based on a

question stimulus examplfom the first map tasks
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I-VT Filter

As the application of eyetracking methodologies increass, the issue of how to quantify fixations
so that relevant visual processing is captured under particular conditions is an important step in
the analysis of eye movement data (Trabulsi et al., 202Bixation identification is the process of
separating and differentiating fixations from saccades (Salvucci and Goldberg, 2000; Trabulsi et
al., 2021).Tobii Pro Lab thus employs the velocitybased VT filter from a variety of algorithms
which exist (Olsen, 2012).

In Tobii Pro Lab a default VT filter is provided, since different studies can be designed with the
Tobii programm (Tobii AB, 2019). Additionally, the filter can be customised. The minimum
fixation duration is a crucial parameter obtained from thel-VT filter (Olsen, 2012).According to
Olsen (2012), the minimum fixation length is the smallest amount of time that fixations can last
and acts as a cutoff point for fixations that are too brief. Fixations can be longer when processing
an image or map than when reading (Rayner, 2009Y.hus, determining the minimum fixation
duration can be challengingThe default value in Tobii Pro Lab is 60 ms (Olsen, 2012). Salvucci
and Goldberg (2000) recommend ranges between 200 and 400 ms, however Rayner (2009)
suggests values between 100 and 350 ms depending on reading or visual tasks. The minimum
fixation duration was set at 60 ms for this study, despite the recommendations having a lower
minimum value. Considering the fact that the tasks were completed on a computer screen, the
default setting from Tobii Pro Lab was selected to prevent data loss since the task completion
time was rather short. Therefore, it appeared beneficial to maintain the short fixations in order

to improve the data processing (Trabulsi et al., 2021).
Eye Tracking Data Export

One of the difficulties is the enormous amount of data that eye tracking generatdisis simple to
get lost in the data, which also makes selecting appropriate metrics for the study analysis
challenging. Exporting preprocessed metrics from Tobii Pro Lab helped deal with the size of the
datasets. Two different kinds of data exports are produced by Tobii Pro Lab: AQ@nhd interval-
based. Every AOI from every interval and every recording has its own row in an ABdsed file
(Tobii AB, 2023f). An interval-based file is used especially for analysing the data in statistical
analysis software. In this case, the interval is shown for the entire duration of the time of interest
(TOls) (Tobii AB, 202f). All of the metrics from the answers were exported as adiasedfiles to

make the data analysis process easier. Each map's metrics were exported as individual -AOI
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based files. As a result, for simpler analysis, just the metrics required for tremswers and the

mapswere exported individually.

3.3.4 Evaluation Task

The last part of the main experiment investigated whether or not cultural background had an
impact on cognitive performance. Thus, itunctioned as a debriefing othe first part of the main
experiment. Such debriefings can be conducted in many forme.g.questionnaires in written
form or questions askedverbally (Martin, 2008). In order to do this, participants were verbally
instructed to assess the design element of the five maps, particularly the first map. The
instructor recorded the participants' responses on prepared sheets for each participant (see
Appendix | for the whole evaluation task. The majority of the questions related to the first map
which required participants to rate the design of the first mapindicate what in particular caught
their attention first, what they liked about the first map, and what they didnot. The participants
were also questioned about how frequently they use tourist maps, whether they plan to use

them in the future, which of the five maps theyiked best, and which ones they didhot.

For the answers mostly the Likert scale was used. The reason for using this scalthet it makes

it possible to convert a subjective response into objective findings (Joshi et al., 2015). As a result,
gualitative answers can be transitioned into quantitative measurement. Opeanded questions
were asked and here the answers were categorized into the prepared topics for the questidis

iii, vii . Given the aforementioned, the questionis iv, v, andvi questions were used to indicate a

5-scale rating defining the positive and negative variables (such as attractiret attractive).
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3.4 Paper Folding Test

The participants will need to complete a spatiahbility test on paper folding after gathering all
the necessary informationabout the cultural influences on map reading. A study by Tian and his
associates reveals the impact of culture on people's mental images, spatial references, and
spatial memory (2022). The findings indicated that there was little variation in the spatial
abilities of individuals from various cultural backgrounds (Tian et al., 2022). Korean students
were able to outperform American students on thepaper folding test, according to Workman
and Lee's (2004) statistically significant findings Coutrot and his colleagues (2018) conducted a
study wherein a cognitive task utilising a mobile app was developed to assess spatial havigation
abilities globally. In tasks that assessed spatial perception ability, Chinese children
outperformed Malay children, all children being aged between 8 to 12 demonstrating cognitive
differences acrosgshe globe (Coutrout et al., 2018 cited in Tian et al., 2022)lowever, in a study
by Janssen and Geiser (2012), German students performed betiarthe Mental Rotation Test
than Cambodian students didAll these studiesemphasise the value of including a test of spatial
ability in the study in order to compare the two cultures' spatial abilities and remove any bias.
Most Tamil immigrants in Switzerland came from Sri Lanka and settled there in the early 1980s
(Wanner & Fibbi, 2010). Despite being born in Switzerland, the immigrant parents' customs,
values, and language were nurtured in their children during their upbringing. Furthermore, we
need to consider the influence that Swiss education has had on thetha variation in spatial
ability between Tamil people and Swiss people both born in Switzerlanéxists, it must be
confirmed in order to understand the cultural differences of this study on multiple level¢Tial et
al.,, 2022) Given that no particular study has been able to demonstrate which culture thinks
holistically and which thinks analytically, particularly when it comes to the paper folding test, we
therefore anticipate that there will be a cultural influence between the Swiss and Tamil
participants, with one group performing noticeably better than the other.

PFT requires participants to O AT OAT 1 U &1 A OEA Aiipl A AZECOOAOD
dimensional flat diagrams to threA E1 AT OET 1 A I (WdKmhnE®RA ee/2003)P&rticipants
are challengedto mentally carry out challenging threedimensional spatial visualisation tasks
where mental rotation and spatial manipulation abilities are inthe foreground (Ekstrom et al.,
1976). Each participant has three minutes to complete each of the two sections of the test (see
Appendix K). Each section consists of ten questions. Each task has an illustration ofpéece of
paper beingfolded,and a hole punched in it on the left side of the pap@Norkman & Lee, 2004).
Five potential solutions are listed on the paper's right side. The five drawings that depict the

paper with holes after being opened must be chosen by the participants (Workman & Lee, 2004).
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The number of drawings that participants correctly identify will be the final scoreThe scale for
the score is 0 to 20. Before the timer starts, the task description with an example task is given.
Since the PFT originally appears in Englisithe entire study was translated via Deeplinto

German languageZ023).

3.5 Questionnaire

The study's final component is a questionnaire that includes general inquiries and background
information related to the study. Age, genderhighest level of schoal employment, location of
birth of participants and their parents, country where participants lived the majority of their life,
bilingualism, degree of map knowledge, and other questions regarding how traditional they are
were all covered in the survey. The Appendikx contains the whole questionnaire. PsyToolkit
was used to programme and execute the questionnaire (Stoet, 2010, 2017).

Numerous relevant studies have shown that gender can always play categorization role,
because men and women tend to conduct particular tasks differently (Bosco et al., 20089r the
guestion about age, weasked theparticipants to write down their age. The reason wathat the
required age group was already between 18 to 40. Thus, we decided tave the participants
specify their exact ageAfter that for the question about their profession the participants were
asked some questions, where they had to enter a humerical value on a Likert scale (Stoet, 2010,
2017). Four guestions were generated according to the holistic and analytic cognitive styleBue
to the reason of the different meanings of traditionality, again three questions were generated,
which analysethe traditionality of each participantfrom different perspectives. Following up, if
one was raised up bilingudly is also of importance aswell as the level of map uses, such as

google maps or ski touring maps.

3.6 ExperimentSettings& Procedure

The Tobii TX300 eye tracker (data rate: 300Hz, binocular, accuracy: 0.3 deg) was used
throughout the entire experiment in the eye movement lalwhich is located at the University of
Zurich (Tobii AB, 2023c). Windows 10 wasltilised, and the eye trackng devicewas connected

to a 23.8inch monitor with a 1920 x 1080 pixels resolution. Accordingly, the high resolution was
used to present the stimuli. No windows allowed for the same lighting conditions for each
participant in the eye-movement lab. Additionally, the study was carried out in June while there

were no lectures that month due to the summer break.

The participant and the experiment conductor were the only people present in the room

throughout the experiment. To enable a quiet environment, at a time only one participant was
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summoned. The participants were instructed to take a seat in front of the computer once they
had entered the room (see Figure25). Before starting the study, the participantswere asked to
sign the consent form (see Appendix L). The experiment conductor then gave them an
introduction before each study part. For the preliminary test, the same computer as for the eye
tracking study was usedFor the main experiment, @rticipants had to sit still, so that all the eye

movements could be recorded

Figure 25: Workstation arrangement in the eye movement lah. tool to rest the left handvas
provided, and the mainexperimentand the questionnaire were solved using the mouse. The

keyboard was used for the preliminary test and the questionnaire.

Eye shape and geometry vary from person to person, which makes eye movement tracking more
challenging (Tobii Pro AB, 2023a). The eye tracker was calibrated for each participant in order
to minimise these challenges and obtain accurate eye tracking data (Tobii Pro AB, 2023a). On a
light grey background, six white target circles were displayed at various locations during the
calibration process. The participants' objective was to follow those targets so that the tracker
could gather information about their eyes and gaze (Tobii Pro AB, 2023a)After a first
calibration a trial task with two subtasks were presented tobecome familiar with the study
format and the Tobii Pro Lab softwareThe actual study tasks were completed after the trial

task, which was followed by another calibration that was set up similarly to the first one.
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Following completion of the eye tracking portion of the study, participants were required to
transfer to the grey seat (see Figur@6), where they used pes and paper to complete the paper
folding test. The participants then had to returnto their place (see Figure25) and complete the
guestionnaire. The experimenter was present during the entire trial, short breaks were provided

if desired, and questions could baskedif anything was unclear.

Figure 26: Setup of the workstation for the papéblding

test.

"AsEl OA OEA AAOOAIT OOOAURh A PEITO AgPAOEI AT O xEOE
objectives were to calculate study duration and assess theye-movement lab procedure in

advance. After the initial draft, the first pilot experiment was carried out. Here, some
adjustments to the way questions were answered were required, but not to the map stimuli or

the arrangement. The study's final design was established based on the comments and the

findings, which was evaluated in a second pilot experiment setting. The study was finished by

both participants in 35 to 45 minutes. The results of the pilot research confirmed that the

corresponding formats are appropriate for the data analysis.

3.7 Sample

Participants who meet specific requirements were contacted for the experimentas the
difference between only Swiss and Tamil people was examinedO participants between the
ages of 18 and 40 took part in the studyResults from various studies state that cognitive
abilities decrease with normal aging (Ariel &Moffat, 2018; Beaudet et al., 2015). Therefore,

people between the ages of 18 to 40 were required.he individuals were split into two groups
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considering their backgrounds, which were identified by cultural, psychological, and
environmental constructs as illustrated in Figure 1 from chapter 1.4 (Lacko et al., 2020yhe
participants from Switzerland who were born there as well as their parentsepresent Western
culture. The second category consists of Tamils from Sri Lanka, who live and were born in
Switzerland but whose parents were from Sri Lanka. They symbolise Asian cultuieis entirely
possible to demand that each person's forefathers should belong to the Swiss and Tamil cultures.
But it is crucial to limit the demands. Parents and children make up the majority of households.
The participants' and their parents' cultural backgrounds are crucial for this reason. The location
of the participants' parents and their own births, as well as the nation in which they have lived
the majority of their lives is significant for this reason. These facts were gathered through the
guestionnaire, which is covered in chapter 3.8revious research has frequently been done only
with students (e.g., Stachbet al.,2018; Lacko et al., 2020)As a result, only individuals who did
not pursue tertiary education wereconsidered

As the whole study deals with colour schemes on computers, in tiparticipantsdinvitation (see
Appendix N) people with colour blindness were excluded and before starting the study they
were re-asked to confirm that they are not colowblind. Participants were recruited through the
AOOET 0860 x1 OEDPI AAA AT KollomiAgOtdd delddtion Aflth@ Ecandidiated T O 8
recruitment details were sent by email or Whatsapp (see Appendikl). The study included 40
people in all, with 20 male and 20 female participants. Eight male and twelve female volunteers
participated in the study for the Swiss group, whereas eight female and twelve male participants

were assignedto the Tamil group.

3.8 Statistical Analysis

With the exception of the questionnaire and certain portions of the preliminary test, which
additionally were subjected to qualitative examinations, all four parts of the study's data analysis
were conducted using quantitative and qualitative methods. The data was exported from
Psytoolkit and statistically evaluated using RStudie Version 2023.09.1+494for the preliminary

test (RStudio Team, 2023; Stoet, 2010, 2017). As previously stated, paper and a pen were used
for the paper folding test. The test results were corrected by the study author (supervisor),
which were then analysed usingeExcel andRStudio - Version 2023.09.1+494 (RStudio Team,
2023; Microsoft, 20230). Moreover, RStudio- Version 2023.09.1+494 & Excelwas used for
statistical analysis of the questionnaire the evaluation taskand for the analysis of the main
experiment data (RStudio Team, 2023 Microsoft, 2023b). The answers from the main

experiment had to be derived from the Tobii Pro Lab data expotty analysing the click metrics

51



Master d: Vibiga Ruban Methods

per Qesdor ModAOI tags.Thus, an AObased file with the click metrics and the response time
was exported for the 90 mapcut-outs only and dl the eye movement metrics about fixations
were exported as one AOlbased export for the five maps ony. In addition, heatmaps were
generated from Tobii Pro Lab to analyse and compare eyeacking data with the statistical
analysesDue toarecalibration problem of 2 Swiss and 1 Tamil participants, eyracking data of
these participants were not considered for the heatmapdg-urthermore, the significance levé for

each and every statistical analysiswas setat E T8 U 8
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4  Results
4.1 Preliminary Testindings

This chapter contains the findings from the preliminary test that was administrated to Swiss and

Tamil individuals in order to investigate their holistic and analytical cognitive styles. Before

beginning the main study on cultural influences in map reading, this first phase, which consists

of the Navon test, Stroop test, and a quiz, provides a basic inquiry into the cognitive processes of

the participants. The preliminary test results provide information aboutthe PAOOEAEDAT OO
cognitive processes and set the stage for a more-dtepth analysis of the ways in which culture

affects map reading.
4.1.1 NavonTest Results

Global, local, and no featurewere tested in the Navontask, and the results respective reaction
times and errors from each conditior serve as the task's data. Only the global and local
response times and errors from these data are crucial for our analysishe mean reaction time
from Tamil participants is higher in global and local conditionsthan the reaction time from
Swiss participants (Table 3). Additionally, it is evident that the Tamil participants had a higher
mean reaction time than Swiss participants in both tasks with global and local conditions in the
boxplot (Figure 27) of the Navon task distribution according to the conditions differentiated
between the two groups.Nevertheless, there is nestatistically significant difference revealed by
the Wilcoxon rank-sum testbetween both groups regarding the global (w=16, p=0.3505) and
the local (w=166, p=0.3648). The effect size for global condition is low (r=0.092) and for local

condition medium (r=0.164).

Table 3: Mean & Standard Deviation of Global & Local Condition s per Cultural Background

Switzerland (Swiss) Sri Lanka (Tamil)
Global Condition Mean: 924.9 Mean: 993.0
Reaction Time (in ms) SD: 367.51 SD: 397.24
Global Condition Errors Mean: 4.85 Mean: 5.8

SD: 3.28 SD: 3.33
Local Condition Mean: 1011.65 Mean: 1089.0
Reaction Time (in ms) SD: 328.43 SD: 187.98
Local Condition Errors Mean: 5.05 Mean: 4.25

SD: 3.38 SD: 3.04

53



Masterdés Th Vibiga Ruban Results

Tamil participants responded to stimuli with local features faster than with global features,
whereas Swiss participants responded to tasks slightly faster under global conditions than under
local conditions. Swisspeople ought to be faster at théocal level and Tamil people at theglobal

level, according to our hypotheses from chapter 3.2.1

Reaction Time per Navon Task Condition

1000

Cultural Background

EI Swiss
B3 Tamil

Response Time [s]

5]
=1
=]

0 - - -

Global RT Local RT Mo Feature RT
Condition

Figure 27: Boxplot of the three conditions used for Navon task

differentiated between Swiss and Tamil group

In addition, contrary to the assumptions in chapter 3.2.1, Tamil people had more errors on a
global scale, whereas Swiss people had more errors on a local scalalie 3). However,
according to the results of theWilcoxon rank-sum test, there are no appreciable differences
between Swiss and Tamil people when it comes texrors at the global (v=162.5, p=0.3137, r=
0.287) and local level (v=229, p=0.438, r=0.249). According to these findings, Tamil participants
in this study performed better at the local level with fewer errors than Swiss participants did at
the global level with fewer errors on theNavontask. This would imply that Tamil people think

analytically and Swiss people holistically, but these findings are not statistically significant.

4.1.2 StroopEffect

As noted in chapter 3.2.2, stimuli from both congruent and incongruent treatments were utilised
in the Stroop task. For all subjects with Swiss and Tamil backgroundhe meanreaction time for
incongruent trials (Mean: 1138.75, SD: 241.05)s longer than for congruent trials (Mean:
1069.70, SD: 155.46) In the incongruent tasks, Tamil participants had a higher median than
Swiss participants, but the Swiss participants' median is just marginally higher. Eveso, the

Tamil group had a higher mean across both treatmentsTéble 4). In addition, regarding the
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Stroop effect, the Tamil participants' median is slightly higher than Swiss patrticipants' (Figure
28).

Table 4: Mean & Standard Deviation of Stroop Test Featuresper Cultural Background

Mean Standard Deviation Median

(ms) (ms) (ms)
Swiss Congruent 1056.45 125.5935 1070
Tamil Congruent 1082.95 182.9261 1054.5
Swiss Incongruent 1137.75 145.4043 11445
Tamil Incongruent 1139.75 313.2549 1232
Swiss Stroop Effect 81.3 107.9342 101
Tamil Stroop Effect 56.8 339.8776 111.5

The meanStroop effect of the Swiss groupis 81.3 ms, compared to 56.8 mfor the Tamil group.

This would imply that Tamil individuals vary less from Swiss participants in their responses to

the stimuli under congruent and incongruent circumstancesThe Wilcoxon ranksum or t-test

was used to assess the statistically significant difference between the Swiss and Tamil groups
AEOAO OAEET ¢ OEA AAOQOAGO 11 O Alafb® effecEdizOF=0.0898A1 O1 O8
and an insignificant difference between the Tamil and Swiss groups, according to thetdst

(w=178.5, p=0.5699). Additionally,there is astatistically insignificant difference betweenboth

groups in the incongruent (ttest: t=0.30725, df=22.794, p=0.7614, r=0.0082) and congruent-(t

test: t=-0.5341, df=33.656, p=0.5968, r=0.0917¢onditions with small effect sizes.Concluding

there is no difference between Swiss and Tamil individuals in solvingtroop tasks, according to

the evidence.

Boxplot of Stroop Effect by both groups
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Figure 28: Box plot of Stroop effect difference between Swiss and Tamil participants 55
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4.1.3 QuizResults

The participants were required to complete aquiz consisting of 10 questionsas the last part of
the preliminary test to see if there were any differences between the responses of the Tamil and
Swiss participants. One answer per question was aimed towards holistic thinkers, while the
other was oriented towards analytical thinkers.The average number of analytic answers the

quiz for all the participants is 6.9 (SD: 2.1)

Frequency of Response Nr.1 (Analytic Answer) per Cultural Background

2

Cultural Background
Swiss
B rami
0 l
2 4 3} 8 10

Mumber of analytic answers

Count
-~

Figure 29: Relative Distribution of analytic answers per cultural background

The frequency of analytical responds varies slightly between the Tamil (mean: 6.85, SD: 2.7) and
Swiss (mean: 6.95, SD: 1.4) individuals. Figug9 shows the frequency of analytical responses in
the quiz. A statistical analysis with itest (comparing the means of the two groups) produced a
nonsignificant difference (t=0.14715, df= 28.461, p=0.8841) with a low effect size (r=0.0276)
indicating no cultural variation in the frequency or number of analytical replies between the two

groups.

After considering all three preliminary test subparts separately, it can be concluded thanone of
the tests present a significant difference between Swiss and Tamil people regarding the analytic
and holistic cognitive styles. To analyse the second research question in more detail, the results
from the eye tracking study, the main experiment of this thesis will be portrayedn the next

chapter.
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4.2 Main Experiment Results

The purpose of the eye tracking experiment itself is to look into possible variations in the
cognitive processing of cartographic outputs between two different cultural groupsg Swiss
individuals born in Switzerland and Tamil individuals born in Switzerland.All task results are
included in each group. In the study design, cultural background is a betwegmoup and an
independent variable that separates Swiss and Tamil people, but it is also used to compare how
it affects the dependent variable, which are duration of fixations, and number of fixations in
this study. The within-group variable is represented by the maps or map types. As a result, both
samples are independent even though every group performed the same tasks with the same
maps (Field et al., 2012)The outcomes from all of the maps and the tasks related to the mapt-
outs will be shown in the following chapter. Lastly, the evaluation task outcomes will be

reviewed in chapter 4.2.3, and a summary of the key findings will be provided in chapter 4.2.4.

4.2.1 Overviewof EyeTracking Metricover allMaps& Symbols

In this section, acomprehensive overview of the keyeye-tracking metrics used in the study,
including fixation duration, the number of fixations across all five maps, and specific analyses
focusing on attractions and signs between Swiss and Tamil group will be presenteglymbols

were analysed as separate AOIs over all maps additionally, because those are critical elements
within maps, attracting attention and influencing navigation decisions. Furthermore,the

potential differences in eyetracking metrics across the five maps and between the two cultural

groups was explored using ANOVA.he two eye tracking metrics fixation duration and number

of fixations were investigated in detail. The average amount of time participants spent fixating

on particular AOIs within the maps is reflected in the mean duration of fixations per AOI
(Brodersen et al., 2002). The second metric is the number of fixations, which measures the
frequency of eye movements, offering insights intathe PAOOEAEDAT 006 A@bi 1 OAO
(Tobii AB, 2023e). Both metrics together mirror the overall viewing pattern. A total number of
fixations indicates thatthe participants looked more frequently between the AOIgBrodersen et

al., 2002).Inspired by OEA OAOOI 0O AOT I howkhA tuliralQ@iffedeAde thOugld O O A U
the amount of fixation time & the number of fixations on a food itenis shown, only the number

of fixations and the fixation duration were used for our study(2015).

Table 5 shows that the Swiss participants exhibited longer fixation duration in both AOIs
symbols and maps compared to Tamil participants, which resulted in a statistically significant

difference. Swiss individuals spent slightly more time fixating at certain areas within the map &
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the symbols AOIs than Tamil individuals. These differences were examined statistically through
the Wilcoxon signedrank test, due to the nonanormal distribution (Table 5). Even the effect sizes

are large, whichis of interest, when interpreting the results.

Table 5: Eye-Tracking Metrics Overview over all maps & symbols . The inclusion of the effect size r indicates that

the mean difference between the Tamil and Swiss participants was significant, as indicated by the italicised

values.

AOI Cultural Fixation Duration (s) Number of Fixations
Background Mean SD Mean SD
Swiss 31.82 6.66 121.18 24.40

Maps (1-5)
Tamil 28.83 4.96 116.32 19.36
Swiss 0.60 0.83 1.71 2.07

Symbols (from

Maps 1-5

aps 15) Tamil 0.28 0.59 0.94 1.70
Maps: Maps:

P-Value p < 4.296€10, r=-0.44 t-test-> p = 009

(with effect size Symbols: wilcox->p=0.016, r=0.17

r) p< 22916, r=-0.82 S:[mbols:

p < 2.2€16, r=-0.76

Interestingly, Tamil participants had slightly a lowernumber of fixations in the maps AOIs and
the symbols AOIs than Swiss participantsThe number of fixations data of Tamil individuals
were normally distributed, while the data from Swiss individuals were not normally distributed.
Due to that reason the data was investigated with botlthe Wilcoxon signedrank test and the
dependent ttest, which resulted in a insignificant and a significant difference, as table W
portrays. In this study, due to the not normal distribution of one data, the significant difference
of the Wilcoxon rank-sum test will be considered.Apart from that, the standard deviations of
symbols AOIs was found to be higher than the mean, which suggests notable variabilitytlie
variations for both eyetracking metrics of the symbols AOIs across the five maps, highlight the

diversity of fixation duration and number of fixations within the datasets.

As with fixation duration effect sizes, the low effect sizes fahe number of fixations need to be
considered when interpreting the results. It is crucial to realise that even in cases where a
statistical test generates a significant result, the impact of altering the variable might not actually
be worth anything. Because of this, in addition to statistical significance, the effect siseof great
importance for the examination (Field et al., 2012). Field and colleagues (2012) state that a value

greater than 0.5 denotes a strong effect, 0.3 suggests a medium influence, and 0.1 is regarded as
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a small effectlf the effect size is negative, it indicates that the second cultural group is associated
with a decrease in, for example eyracking metrics, compared to the first cultural group (Field
et al., 2012).Guidelines for partial etasquared are as follows:®.01 meansa low effect, 0.06 a
medium effect, and 0.14 a lageffeco(Field et al., 2012).

A 5 (map types) x 2 (cultures) ANOVAvas conducted to explore the impact cultural background
and map types have on fixation duration. A significant-KFalue (F (L, 194)=13.104,p=0.000376)
indicates that cultures have a significant impact on the total fixation durationThe effect size
(eta-squared =0.0616) suggests a moderate influence on fixation duration. Thevilue for map
types is statistically insignificant (F(1, 194)=1.372, p=0.245179) suggesting that the mean

differences across map types may not be significant. The effect size (stguared= 0.0258)

bi OOOAUO A Oi Al1 ET &1 OAT AA8 &OOOEAOI T OAn 40EAUG!

illustrates a significant difference in fixation duration between Tamil and Swiss participants,
again (p= 0.000376). Additionally, the homogeneity of variance and the normality can be

assumed throughLevenetest and Shapiro test.

The 5 (map types) x 2 (cultures)ANOVA resultsof number of fixations, for the factor cultural
background revealednonsignificant effect, F(1, 194) = 2.481, p=0.117. Similarly, for the map
types variable, the ANOVA indicate a nonsignificant effect, F(4,194) = 1.940, p=0.105. Effect
sizes indicate a small influence for cultural backgroundeta-squared 0.012) and map types
(eta-squared =0.038) on number of fixations.Due to absence of statistical significance po$toc
comparisons were not executedThe following two figures illustrate the mean total fixation

duration and mean number of fixations per map type and for both cultures (Figure(3& 31).

Mean of Total Duration of Fixations per Map

| F an . S "

2

Cultural Background

Swiss
W

Total Duration of Fixations [s]

2

0

Figure 30: Average total fixation duration [s] per map type and cultural background. Error bars  show one
standard error plus or minus.
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After investigating the eyetracking metrics results over all maps and examining potential
differences between different map types, in the next section, mah map 2 vs. 3, and map 4 vs. 5

will be presented in detail considering the fixation duration and number of fixations.

Mean of Total Number of Fixations per Map and Cultural Background

100
Gultural Background
Swiss
W emi
50
0
N1 Nr2 Nr.3 Nr4 Nr5

Map

Nurmnber of Fixations

Figure 31 Average total number of fixations per map type and cultural background. Error bars show one
standard error plus or minus.

4.2.2 Analysis of Map 1

In this subchapter, we focuson the results ofthe eye-tracking analysis of map nr.1. comparing

the 3xEOO AT A 4AIiEI DAOOEAEDAT 008 AEQGAOETIT AOOAC
investigation is about how participants from different cultural backgrounds explored and

approached Map 1.
Table 6: The statistical findings show how the means of two eye -tracking metrics for each type of map were

compared between the two cultures. The effect size r is included when the italicised entries indicate a significant
mean difference between both groups.

Map type Fixation Duration (s) Number of Fixations

p-value = 0.004701 (r =0.14) p-value = 0.0001883 (r=0.18)
Nr. 1

p-value = 0.002643 (r =0.48) p-value = 0.2924
Nr. 2

Wilcoxon: p-value= 0.8948
Nr. 3 p-value = 0.0004194 (r =0.56)

t-test:

p-value = 0.01727 (r=0.38)

p-value = 0.007404r= -0.42) p-value = 0.2061
Nr. 4

p-value = 0.02633, (r=0.11) p-value = 0.5073
Nr. 5

For map 1, the mean fixation duration fothe Swiss individuals was33.15s (SD: 3.89) whereas

for the Tamil individuals the mean fixation duration was 29.97SD: 4.42) The Swiss participants
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exhibited slightly higher fixation durations (Figure 30). To test possible variations in fixation
duration between the two cultural backgrounds, a Wilcoxonrank-sum test was used.As
represented in Table6, the results indicate significant differencesvith a low effect size Moving
to the number of fixations,the Tamil participants showed a lower number of fixations (mean:
122.20, SD: 14.72) than Swiss participants (mean: 130.95, SD: 16Smnilar to fixation duration,
a Wilcoxon signedrank test was performed to assess potential differences ithe number of
fixations betweenthe Swiss and Tamil individuals. The outcomes reveal significant variations in

the number of fixations based on cultural background with a low effect size.

Furthermore, AOIs for attractions and signs, generalized as symbols, were defined to capture
potential differences ofthe DAOOEAEDAT 008 AOOAT OEI 1T AAOGAA 11 AOdI
whole map, but also orboth symbol groups for a better understandingWilcoxon rank-sum tests
were employed to assess cultural variations in the distribution of ey#racking metrics for
attractions and signs.As table 7 shows, the esults suggestsignificant differences inboth eye
tracking metrics of attractions AOIs and in number of fixations of signs AOI. This implies tHar
the AOIs of attractions in map 1the Swiss participants have a statistically significant higher
fixation duration than the Tamil participants with a small effect size. Meanwhilethe Tamil
individuals have a significantlylower number of fixations for attractions than Swiss individuals
also with a small effect size. The cultural variation of signs for fixation duration is statistically
not significant, whereas the variation of signs for number of fixations is statistically significant
with a low effect size. The means of both eyacking metrics for the AOIs of attractions and
signs for both cultural backgrounds are listed in tablelO under Appendix O. The high standard
deviations relative to the mean of eydracking metrics of attractions and signs imply that
substantial variability in fixation durations within each group indicates individual differences

amongthe participants.

Table 7: The statistical findings show how the means of two eye -tracking metrics for each symbol group AOI per
map type were compared between the two cultures. The effect size r is included when the italicised entries
indicate a significant mean difference between both groups .

Map type AOI Fixation Duration (s) Number of Fixations
Symbols
Attractions p-value < 0.001 (r=0.26) p-value < 0.001 (r=0.27)
Nr. 1
Signs p-value = 0.1598 p-value = 0.04438 (r=0.15)
Attractions p-value < 0.001 (r=0.26) p-value < 0.001 (r=0.17)
Nr. 2
Signs p-value < 0.001 (r=0.25) p-value < 0.001 (r=0.24)
Attractions p-value < 0.001 (r=0.37) p-value < 0.001 (r=0.37)
Nr. 3
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Signs p-value = 0.001374 (r=0.22) p-value = 0.007619 (r=0.19)

Attractions p-value = 0.007404 (r=0.42) p-value = 0.2061 (r= 0.22)
Nr. 4

Signs p-value < 0.001 (r =0.27) p-value < 0.001 (r =0.25)

Attractions p-value = 0.009961(r=0.18) p-value = 0.04129 (r=0.18)
Nr. 5

Signs p-value < 0.001 (r=0.31) p-value < 0.001 (r=0.29)

Further analysis illustrates how many seconds participants from both cultural backgrounds have
spent on each attraction and sign from map 1 for both eyeacking metrics (Figure 2 & 33). In

both plots, mostly Swisgarticipants spent most of the time and most fixations on the symbols.

Map 1: Total Duration of Fixations per Attraction/Sign

Cultural Background

Swiss
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Total Duration of Fixations [s]
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Figure 32: Mean total duration of fixations per symbol of map 1 based on cultural backgrounds. Symbol
names which end with fASyo aareattrdchohss ned as signs. Th

Map 1: Total Mean Number of Fixations per Attraction/Sign
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Figure 33: Mean total number of fixations per symbol of map 1 based on cultural backgrounds. Symbol
names which end with fASyo aareattrdcéohss ned as signs. Th
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The findingsshed light on fixation duration, the number of fixations of map nr. 1 and its symbols,
attractions, and signs, contributing to the research question of this study if there are potential
differences between Swiss and Tamil participants, respectively if Swiss individuals are analytical
thinkers and TamilE T A E O Rdiisiddoned. ®verall, it appears that Swiss participants exhibited

higher fixation duration and a higher number of fixations thanthe Tamil participants on map 1.

The heatmapsin Appendix P also show all of the findings derived fromthe plots and
observations mentioned before. According to TobiiAB (2023g), these maps display the
proportion of time spent on each area of the imageyamely the five mapsin this study. Based on
their qualitative analysis, these maps demonstrate the fixations, which were mostly found in the
map display (Tobii AB, 2023g). Furthermore, in figure74, one can see that the viewing pattern of
the Tamil participants is slightly different and more clustered than the pattern fromthe Swiss
participants. However, it is clear that for both Swiss and Tamil individuals, the symbols,

(especiallythe street labels and the attraction$ gained a substantial level of interest.

4.2.3 Comparative Analysis: Eye Tracking Metrics for Maps 2 and 3

The following subchapter presentghe results of the eye-tracking metrics analysis of map 2 and
3, which were compared to each othethrough ANOVA. In a firstapproach, focusing on map 2,
the Tamil participants exhibited a lower fixation duration (mean: 29.91s, SD: 3.3 than the
Swiss participants (mean: 32.21s, SD: 6.46 The Swiss participants (mean: 123.45, SD: 23.31)
havea higher number of fixations thanthe Tamil participants (mean: 115.30, SD: 24.94As table
6 illustrates, the mean difference in fixation duration is statistically significant, with a medium
effect size, whereas the difference ithe number of fixations is nonsignificant. If we look at the
tables 7 and 10 (from Appendix O),the Swiss participants havea higher number and duration of
fixations than the Tamil participants in both symbol groups, which are significant with low effect

sizes and high standard deviationgTable 10).

In map 3 also,the Tamil individuals significantly (mean: 27.86s, SD: 5.26s) exhibited lower
duration of fixations than the Swiss individuals (mean: 32.38s, SD: 6.16s\hile the participants
with Swiss background (mean: 114.7, SD: 21.7%chieve aslightly higher number of fixations
than participants with Tamil background (mean: 113.8, SD: 20.95)which indicates a
nonsignificant difference (Table6). Here the t-test and Wilcoxonrank-sum test were conducted,
due to the reason thatthe data from Tamil participants were normally distributed, and data
from Swiss participants not normally distributed. The results from both tests indicate a
significant cultural variation with medium effect sizes (Table7). Focusing on the symbols of map

3, the Tamil participants have a significantly lower duration and number of fixations thanthe
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Swiss participants, where the effect sizes for both eyeacking metrics for attractions are
medium and for signs low. Again, the standard deviations are high for both eycking metrics
and both groups, which implies that there isa considerable dispersion in fixation duration and

the number of fixations (Table 7).

To compare both maps, a 2 (map types) x 2 (cultural backgrounds) ANOVA wesried out to
analysethe influence ofthe cultural background and map types on the total duration of fixations

for maps 2 and 3. The Fvalue (1, 77) = 7.7570, p=0.0074ndicates thatthe cultural background

has asubstantial impact on the total duration of fixations for majg 2 and 3, where the effect size
(eta-squared = 0.0889) has a large impactThe Fvalue (1, 77) = 0.579, p=0.4492, indicates
nonsignificant | AAT AEZAZEZAOAT AAO AAOI 6O AT OE | AbweUDPAOS
investigated and reassured the significant difference betweethe Swiss and Tamil individuals.

Overall, the etasquared valuessuggest thatthe cultural background ofthe participants plays an

important role asto distinctions in the fixation duration over map nr.2 and map nr.3.

Another 2 (map types) x 2 (cultural backgrounds) ANOVAvas carried out to investigate the
impact of Swiss and Tamil cultural backgrounds, and map types on the total number of fixations
for maps 2 and 3. Neither the FValue (1, 77) = 0.793, p=0.376 for cultural backgroundr the F
value (1, 77) = 1.017, p=0.316 for map types are statistically significarithus, the etasquared
values of cultural background (etasquared = 0.0101) and map types (etaquared = 0.0129)
contribute a small effect to the total number of fixations.In general, the ANOVA suggests that
neither map types nor cultural background significantly influencethe number of fixations. Due

to the nonsignificant differences, further analysiswas not conducted.

The key results from comparing maps 2 and 3 demonstrate thatthe Swiss participants havea
significantly higher fixation duration than the Tamil participants in both maps, whereas
potential cultural variations in number of fixations were insignificant. Considering the ANOVA
results of both eyetracking metrics, significant cultural differences betweerthe Swiss and Tamil
cultural background were found regarding thetotal duration of fixations, whereas the results
from the ANOVA othe number of fixations resulted innonsignificant distinctions between both

groups.

In figure 75 from Appendix P, the heatmaps from map2 and 3 $iow that the Swiss participants
rather focused on the symbols, whereathe Tamil participants focused on the symbols antheir

surroundings.
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4.2.4 Comparative Analysis: Eye Tracking Metrics for Maps 4 and 5

Maps 4 and 5 were subjected to separate analysi®llowed by acomparisonbetween both maps
focusing on theeye-tracking metrics, fixation duration and the number of fixations, in the same
manner as the previous three mapswere analysed As in the other three maps,the Swiss
participants (mean: 31.68, SD: 6.6) have significantly higher fixation duration thathe Tamil
participants (mean: 28.67, SD: 5.49)in map 4 On the other hand, agairthe Tamil individuals
(mean: 111.4, SD: 16.84have a nonsignificant lower number of fixations than the Swiss
participants (mean: 119.85 ,SD: 24.0)The p-values and thevisualization of the means of each
eye-tracking metrics are illustrated in table 6. As the results from all the other maps Table 7 &
Table 10), focusing on the symbols of map4 show, the Tamil participants fixate on the
attractions and signs for a much shorter period of time and with fewer fixations thathe Swiss
participants, both being statistically significant. For the duration of the fixations on the
attractions, the effect sizeis medium; for the number of fixationson the attractions, it is low.
Furthermore, the effect sizes for both eydracking measures are small. Again, there appears to
be a considerable range in both the duration and the number of fixations, as indicated by the

high standard deviation for both symbol groups and eyéracking metrics.

Map 4: Total Mean Duration of Fixations per Attraction/Sign

Cultural Background
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Figure 34: Mean total duration of fixations per symbol of map 4 based on the cultural backgrounds.

Symbolnameswhi ch end with fASyo ar esaleafiracipesd as si gns

Moreover, the total mean of both eydracking metrics for each map was visualised as an
additional result, which does not directly address the research questions of this thesis (Figure
34). The plots of the other mapswith the total mean duration and number of fixations per
attraction/sign are listed in Appendix O, figures 66-73. It is interesting to see thatthe Tamil

people have a mean overall fixation length of almost 0 seconds, wheraghs Swiss people have a
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substantially longer fixation period for the (pharmacyd sign from map 4 (see Figure 19)The
OAI A CI A0 &£ O OEA 101 ARO 1T £ £EE o M5pdtiaysO £ O OEA

Map 4: Total Mean Number of Fixations per Attraction/Sign
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Figure 35: Mean total number of fixations per symbol of map 4 based on the cultural backgrounds.
Symbolnameswhi ch end with ASyo ar esaleaftracioesd as signs

Only in map 5,the participants with Tamil background (mean: 118.90, SD: 17.73) haweslightly
higher number of fixations thanthe participants with Swiss background (mean: 116.95, SD:
32.74), which resulted in a nonsignificant difference (Tabl®). As in all other maps, also in map
5,the Tamil participants (mean: 27.74, SD: 5.49) have a significantly lower fixation duration than
the Swiss individuals (mean: 29.7, SD: 9.25), where the effect sizenwderate (Table 6). The
individuals with Tamil background exhibit a considerably reduced duration and number of
fixations compared tothe people with Swiss background when focusing on the symbol groups,
attractions, and signs (Tablel0). Although the standard deviations are highas for the symbol
groups of other maps the effect sizesare rather low for attractions and medium for signs with

significant difference in both eyetracking metrics (Table7).

Again, ANOVA 2 (map types) x 2 (cultural backgrounds) f@xamining the influence of cultural
background on fixation duration for maps 4 and Svas conducted. The falue (1, 77) = 2.644,
p=0.108 with etasquared= 0.0328 for cultural background and the #alue (1, 77) = 0.900,
p=0.436 with etasquared= 0.0112 for map types suggest nonsignificant effects on fixation
duration with small proportion of variance explained. Furthermore, the interaction effect was,
not statistically significant, which suggess$ that the influence of cultural background on fixation

duration did not significantly differ across both map types 4 and 5.

The two-way ANOVA performed to examine the impact othe cultural background on the
number of fixations for both maps 4 and 5 suggest that neither magypes nor cultural
background significantly influenced the number of fixations for map 4 and map 5 (Cultural
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Background: F(1,77)= 0.376, p= 0.541, etsquared=0.00485, Map types: F(1,77)= 0.189,
p=0.665, etasquared= 0.00243).The dfect sizes for both cultural background and map types

are very small.

Finally, the main findingsfrom maps 4 and 5 show that, in both mapshe participants from
Switzerland had considerably longer fixation durations thanthe participants from Sri Lanka
(Tamil), whereas possible cultural differences in the number of fixations were not statistically
significant. When comparing the total fixation duration and the number of fixations, both ANOVA
results revealed nonsignificant differences between the two groupsAs in maps 2 and 3, the
heatmaps from maps 4 and 5 (Figure76) from Appendix P indicate that although Tamil
participants concentrated on the symbols andheir surroundings, the Swiss participants were
more interested in the symbols themselvesConcluding, so far, the eygracking metrics across
all the five maps were analysed. In the next chapter other important eytacking metrics,

response time, accuracy, and frequency will be analysed regarding the tasks.

4.2.5 Response Analysis

In this subchapter, results from a comprehensive analysis of the responses from the participants
of both cultural backgroundsare presented paying particular attention to three key dimensions:
frequency of yes/no answers, accuracy, and response time. The purpose of this analysis is to
offer nuanced perspectives on howthe Swiss and Tamil people approach the given tasks. By
carefully examining their answers, the aim is to identify any patterns, variances, or cultural
influences that might contribute to a deepemunderstanding of the cognitivefunctions required in
map reading. The upcoming investigation will clarify whether cultural influences have a major
impact on how participants make decisions, make accurate decisions, and react quickly to

stimuli on the task.

However, & mentioned in chapter 3.3.3,the map cut-outs/stimuli from the 90 tasks were
randomly prepared with 6 different conditions, only previously seen objects with original
background (po), without background (pw), and with novel background pn) were of
importance for the results and the analysis. The novel objects with original backgrounahd),
without background (nw), and with novel background @n) were only used for the overall

results (see Table 2 for examples).

4.25.1 Yes and No Frequency
In the following, the frequency ofyesd and od answers provided by the participants from

Swiss and Tamil cultural backgrounds will be inspected in response to 90 tasks featuring various
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map cut-outs. Our focus, as beforementioned, narrows to three specific conditions, po, pand
pn, with pn, beingthe crucial condition to analyse the hypothesis of this research (chapter 1.3 &
3.3.3).

Figure 36 portrays the mean frequency of each task condition (called taskinfim the analysis) of
previously seen objects per cultural background and for eacyesdor mod AT OGnA &adsee
that the difference betweenthe Swiss and Tamil participants for each task condition is roughly
the same.Focusing onthe the pn task condition, slightly more Tamil individuals answeredthe
map cut-outs with pn condition with Mo whereasthe Swiss individuals answeredthe pn map
cut-outs with resdmostly. In Figure 37, the frequency of yes/no answers ofhe pn condition is
visualized more clearly. As already mentioned, in percentage about 65% of Swiss participants
answered with (yesd to pn map cut-outs and the other 35% with od About 37% of Tamil
participants answered with no, meanwhile 63%saw the previously seen object with novel

background.

Mean Frequency of Answers per Task and per Cultural Background

15
i i I i Cultural Background

Swiss

15 B i

10 :|: i I i I i
pn po pw

Previously Seen Cbjects

10

4]

Mean Number of Answers

4]

Figure 36: Mean frequency of answers per task condition based on the cultural backgrounds and
divided into fiyesd and fnoo answers. Error bars indicate +/ - standard deviation of each task

condition and each answer.
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Relative Distribution of Prev. Seen Obj. with Novel Backg. Answers
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Figure 37: Relative Distribution of mean frequency of answers for task condition pn based on

cultural backgrounds and divided into fiyesdoand fnooanswers.

Figure 38 shows thatthe frequency ofesdand o answers for the Tamil participants varies
more than for the Swiss participants specifically in tasks with pn conditionOn thecontrary, po
conditioned tasks exhibited more variability in the frequency of yes/no answers forthe Swiss
individuals. The frequency for both answers did not vary considerably between both cultural
backgrounds in pw conditioned tasks.To analys the influence ofthe cultural background and
the task conditions on the frequency ofyesdresponses across the 90 tasks from all maps, a 3
(task conditions) X 2 (cultural backgrounds) ANOVA was conducteilVe performed a mixed
design NOVA because the study as a whole uses a mixiedign model. The task conditions po,
pw, and pn are withingroup variables, and the cultural background is the between group
variable. These task conditions are the focus of our analysis, in particuldre pn condition. The
F-value (1,116) =0.560, p=0.4557 fothe cultural background indicates anonsignificant impact

on the §esdresponse frequencywith a small effect size (etasquared= 0.0045)

Whereas the Fvalue is (1,116)= 4.364, p=0.0149 suggest a significant influence of task

conditions on the frequency ofQyesdresponses with a moderate effect size, indicating a notable

influence on response frequency (ettDNOAOAAE mn8mowxqs8 $OA O OECIT EA
multiple comparisons were conducted for both variables. Since cultural background already has

a nonsignificant difference, posthoc tests fromthe task condition were of relevance. Allthe

participants had a significantly lower frequency of(yesd answers in pw condition than pn

(p=0.0278) and lower frequency in pw compared to pocondition (p=0.0357). While the
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homogeneity of variances could be assumed throudtevened ®st, an abnormal distribution was

detected. But, according to Field and his colleagues (2012) the ANOVA is robust to not normally

distributed data. To conclude, cultural background does not significantly influenc&yesd

responses frequency, while specific task conditions do.

Frequency of No Answers Frequency of Yes Answers
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Cultural Background
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B swiss
BS Tamil
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Previously Seen Objects
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Cultural Background
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Figure 38: Box plots of frequency of fiyesdand fnodanswers for each task condition per cultural background. The box

illustrates the 25t and the 75 percentile, the line inside the box is the median, and the whiskers specify the range,

which is often 1.5 times the interquartile range (RStudio Team, 2023).

The same ANOVAsfor the frequency of §esdanswers was conducted for the frequency dbod

responses.The results are the same as fdhe frequency of yes responses. The-¥alue (1, 116)=

0.560, p=0.4557 is not significant for cultural background, while the &alue (1, 116)= 4.364, p=

0.0149 is significant for the three task conditions

4EA DBl 0O

ET A OAOOO £&OIT I

comparisons revealed significant differences between pyn, and pwpo. This demonstrates a

significantly lower frequency of odresponses in pw condition compared to pn (p=0.0278) and

po (p=0.0357). The effect size forthe cultural background (etasquared= 0.0045)is small, and

moderate for the task condition (eta-squared= 0.0697) as from the ANOVA results frorthe

frequency of esdanswers.

The main findings show thatthe specific mapcut-outs with a particular task condition (po, pw,

pn) influence the frequency of Qesd or Mod answers, but cultural background does not

significantly influence the frequency ofyesdor odanswers. Next, the results from the accuracy

of Gesdanswers will be presented.

4.2.5.2 Accuracy

The accuracy was estimated with the frequency ofyesd answers. From the total of 90 tasks

encompassed, 16 po, 15 pw, and 14 pn conditioned tasks were included. The accuracy was
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calculated by the frequency ofQyesd responses divided by the total number of each task
condition answered by each participant. As tabl& and figure 39 present, the Swiss participants
have a higher accuracy in pw and pn answers, whereas Tamil participants have a higher
accuracy inanswers of the task condition po The task condition pn suggests lower accuracy for
the Tamil participants, which concludes that Swiss participants responded withyesd to pn
tasks. This would imply that the hypothesis abouthe participants with Swiss background have
analytical thinking and the participants with Tamil background holistic thinking. Comparing the
accuracy ofthe Swiss participants over the three task conditionsthe Swiss individuals have a
higher accuracy rate inthe pw condition and a lower accuracy rate irthe pn condition. Exactly
the same can be appliedo the Tamil participants with different accuracy rates thanthe

participants with Swiss cultural background.

Table 8: Mean accuracy of fiyesbanswers per cultural background and based on the task condition.
Accuracy was calculated for each participant based on the frequency of fiyeso answers. It is rounded up to 1
decimal place.

Task Condition Cultural Mean Accuracy
Background
No background Swiss 74.4%
(PW) Tamil 70.7%
With original Swiss 66.0%
background (PO) Tamil 66.9%
With novel background Swiss 62.9%
(PN) Tamil 59.6%

The accuracy of responses was investigated through a 2 (culturesBxtask conditions) ANOVA.
The ANOVA results provide insights into how both factors contribute to variations across
different task conditions. The cultural background factor has anonsignificant difference,
F(1,114) =0.485 p=0.486, etasquared= 0.0039, with a very small effect size. A statistically
significant effect of task condition could be found, alue(2,114) = 5.182, p= 0.007, indicating a
moderate effect size (etasquared= 0.0827). The interaction effect othe cultural background
and task condition is not significant, F(2,114)= 0.265, p=0.768 with a low effect size (eta
squared= 0.0042) 4 O E A U 6 Hoc tésls @dbe performed solely for the task condition variable,
and the results showed a significant difference (p=0.00478) between the taglonditions pw and
po. The results from two-way ANOVAsuggest thatthe task condition significantly influences
accuracy, with a moderate effect sizeThis implies that with 72.5% accuracy (SD: 15.8%)
previously seen objects without background (pw) are significantly more accurate than

previously seen objects with original background (po) (mean accuracy: 66.4%, SD: 13.8%).
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Answers: Accuracy of Previously Seen Objects
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Figure 39: Accuracy of previously seen objects. Error bars indicate +/ - 1 standard

error of each task condition and for each cultural background .

4.25.3 Response Time

Overall, it took the participants 2.23s (SD: 1.29s) to respond if ty had seen the map
stimuli/cutout or not considering all the six task conditions. The Tamil participants needed
significantly more time thanthe Swiss participants torespond (Table 9). Focusing onthe pn task
condition, the Tamil individuals spent more time to decide thanthe Swiss individuals.
Considering O E fesd@nswers ofthe pn condition only, it took the Swiss participants slightly
longer to click the esdbanswer, whileit took the Tamil participants more time to answerthe pn

conditioned task with Modthan the participants with Swiss cultural background.

Table 9: Mean response time for yes/no questions based on the cultural background. We rounded the response
time to two decimal places. The inclusion of the effect size r indicates that the mean difference between the Tamil
and Swiss cultures was significant, as indicated by the italicised entries.

Mean Response Swiss Tamil P-Value

Time [s] Mean SD Mean SD

Overall (all 6 task 2.20 1.72 2.26 2.23 p-value=0.02015
conditions) (r=-0.39)

PO Condition (yes) 2.24 1.78 2.23 1.89 p-value= 0.2833
PW Condition (yes) 1.61 0.88 1.64 1.34 p-value= 0.4713
PN Condition (all) 2.34 1.95 2.65 3.07 p-value=0.717
PN Condition (yes) 2.09 1.82 2.04 2.46 p-value= 0.1487
PN Condition (no) 2.77 2.08 3.56 3.63 p-value= 0.3328

The higher response timeof Tamil participants compared tothe Swiss participantsregarding the
Mob answers from previously seen objects with novel background (pn) indicate thathe

individuals with Sri Lankan (Tamil) backgroundwere affected by the manipulation (Masuda &
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Nisbett, 2001). Whereasthe higher response time ofthe Swiss participants compared to other

task conditions also suggests an effect of manipulatiorlowever, the Wilcoxon signedrank test

showed thatnone of the three conditions indicate a significantlifference between both cultural
backgrounds.Besides the standard deviations are rather high, which hato be considered The

response time in these tasks defines the time from reading the questions to clicking on one of the

yes or no AOIs. Even though response time is a useful measure for studying cognitive processes,

EAZ EO EOT 80 OAT AT T EOAA POI PAOI U 1TO xEOE OEIi A OE

(Hockley, 1984). Thus, response time was only analysed vaguely.

4.2.6 Results of theEvaluationTask

The participants were asked to rate the map design and what they initially noticed about the
first map only in the first half of the evaluation questionnaire (see Figure 16). Questions
concerning maps in general were posed in the second parlthough disparities in approaches
between the two cultures can be examinedit is crucial to emphasise thatno significant
distinctions resulting from the cultural background are visible.On a scale of 1 to 5, the majority
of the Swiss participants (n = 20) rated the first map design's attractiveness as &verage (35%
of all the Swiss participants) and 4z attractive (35% of all the Swiss participants).The first map,
however, was rated as 2unattractive by the majority of the Tamil participants (25% of all Tamil
participants) and 3zaverage attractive by 40% of althe Tamil participants. When the Wilcoxon
rank-sum test was used to compardoth cultural backgrounds, the findings showed that there
was an insignificant difference (p=0.1713).Figure 62 in Appendix O shows how the first map's
attractiveness varies by cultural background. Furthermore,the majority of the the Swiss
participants noticed the waterbodies and the symbols on the map first (symbols: 50%,
waterbodies: 40% of all the Swiss participants). Besides 45% and 35% of all the Tamil
participants noticed the symbols andwaterbodies initially .

All of the participants agreed that the symbols (10% in Tamil and 20% in Swiss) and map
colours (20% in each of the two groups) were the best choices overall. Converselye Tamil
participants (totalling 80% of all the Tamil participants) felt that the map's unclearness, colour
choices, and symbols were the least appealing aspects, and the majorityhaf Swiss participants

(40 % of allthe Swiss patrticipants) disliked the map's language.

In general, itis essential to determine the participants' level of familiarity with tourist maps
because this information affects how they approach problems and assess the maps. The

examination of the question abouthe participants’ familiarity with tourist maps reveals that the
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majority of the Swiss participants are unfamiliar, whilethe Tamil participants' familiarity ranges

from unfamiliar to familiar (refer to Figure 40). The plot thus demonstrates that both groups,
who are well-versed in tourist maps, are clearly in the minority. Furthermore, while a greater
number of the Swiss participants had no familiarity withtourist maps, a greater number of Tamil
participants did. However, a significant difference between both groups regarding the familiarity

of maps could not be found (p=0.3824).

Distribution of Familiarity of Tourist Maps per Cultural Background

30%

20%
Cultural Background
Swiss
B
10% I
4 g

Percentage
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1 2 3 5
nat at all familiar neutral very familiar

Rating
Figure 40: Relative Distribution of familiarity with tourist maps per cultural
background. Each cultural background distribution is calculated individually (Swiss:
100%, Tamil: 100%)

Apart from knowing how to use tourist maps, most Tamil participants said theywwere very
unlikely to use them or not at all (40% and 30% of all Tamil participants, respectively), while
20% of the Swiss participants (Tamil participants: 5% most likely) said they wouldmost likely
use them in the future. It is also highly unlikely that the majority othe Swiss participants will
ever use tourist maps (see Appendix O Figu&3). With the Wilcoxon rank-sum test (p= 0.1801),
a nonsignificant difference was found.Finally, participants were asked to select their favourite
and least favourite map (without the example mapout of all the maps that were shown during
the main experiment Out of all the maps, 35% of the Swiss participants preferred the fourth
map and 30% the first map, while 30% of the Tamil participants preferred the second and fourth
maps (see Figure 17 and 1%how which maps are mean}. The fifth map (see Figure 20) is the
one that both groups (Tamil: 60% of allthe participants, Swiss: 80% of allthe participants)

dislike most. Matching all the other statistical resultsan insignificance resulted with the Fisher
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test (p=0.2986) for the favourite map and also a nonsignificance of p=0.4834for the most

disliked map.

In summary, the main experiment, utilizing eyetracking technology, demonstrated eye
movement patterns in cognitive processindy the Swiss and Tamil individuals. Notable findings
include the Swiss participants exhibiting longer duration of fixations andan even higher number

of fixations thanthe Tamil participants. Cultural influences were evident in the attention to AOIs
of symbols for the eyetracking metric fixation duration, too. Analyses of yes/no answers based
on the task conditions resulted in a insignificant cultural influence, whereas the task conditions
exhibited a significant influence.The evaluation results rejected the cultural variations othe

Swiss and Tamil group on cognitive abilitiesThese findings collectively contribute to a nuanced

understanding of cultural influence on cognitive processes in map navigation and interpretation.
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4.3 Spatial Ability of Swiss & Tamil participants

In the Paper Foldingtest, around 68% ofall the participants had average scoregFigure 41). The
overall mean score ofall the participants was 10.35 scores (SD: 3.6) witla majority having a

score around12.

Paper Folding Test

Scores

Figure 41: Pie chart of paper folding test of the score for all the

participants

Dividing the participants into their respective groups, Swiss or Tamilthe mean score forthe
Tamil people is 9.75 (SD: 3.8) and fothe Swiss people 10.95 (SD: 3.3)he Swiss andTamil
groups did not significantly differ from one another, despite the Swiss group's slightly higher
mean (t =-1.0625, p = 0.2947), according to the-test. The findings illustrate an insignificant
disparity betweenthe Swiss and Tamil individualsregarding the scores ofthe Paper Folding test.
As the boxplot in figure 42 shows, the variability of both groupsis more or less the same. But the
median score ofthe Tamil participants is lower than the median scoreof the Swiss participants,

which aligns with the mean score.

Swiss PFT scores versus Tamil PFT scores

20

18

Score
10
|

T T
Swiss Tamil

Figure 42: Box plot of paper folding test score between the Tamil and Swiss participants. The box

illustrates the 25t and the 75" percentile, the line inside the box is the median, and the whiskers specify
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4.4  Overview of the sample

As mentioned above, 40 participants, 20 witla Swiss and 20 witha Tamil background, took part
in this study. The questionnaire is cited in the appendix.

Gender: Overall,the gender distribution in this study is equal forboth groups with 20 female, 20
male and 0 other participants Eight men and twelve women make uphe gender structure of the
Group Swisswhile the participants of the Tamil groupwere divided into twelve men and eight
women. As a result50% (Tamil: 20%, Swiss: 20%) are women and 50% (Swiss: 30%, Tamil:

20%) are men.Men predominate in the Tamil group while women doin the Swiss group.

Age: The participants' average age was 25.3 years (SD: 3.0The Swiss group portrays almost
the same mean age of 25.4 years (SD: 3.41) as the Tamil group with the mean age of 25.2 years

(SD: 2.75).The age range othe Swiss group is 21 to 33 years and 18 to 29 yeaof Tamil group.

Educational level: Around 60% and 45% had an educational level of finishing an
apprenticeship in the Swiss and the Tamil group respectivel20% of the Swiss and 35% of the
Tamil participants completed the vocational baccalaureate, whereas the highest completed
education for 15% Swiss and 15% Tamil participants was the professional education (HF). As
expected, none of the participants completed a tertiary education at a university or a
professional educational institution, due to the reason that only participants without a tertiary
education were invited for the study.Both groups indicate a similar pattern regarding the

proportions of the education levels

Profession: According to assumptions of different studies, people whoften deal with figuresin
their job, work independently, and make decisions on their owriend to be analyticthinkers
(Nisbett & Miyamoto, 2005; Nisbett et al., 2001)Whereas people who have contact with other
people in their profession work with their colleagues and make decisiongogether with them,
are mostly holistic thinkers. Therefore, including a Likert scalerange from 1 - 5 (never to
always), the participantsrespondedto four questions about the tasks they perform on a daily
basis as part of their professionThe following figure 43 presents the relative distribution s of the
responses to the four questionsWhile the Swiss participants encounter people more often than
Tamil participants, the latter are more frequently required to engage with their coworkers, work

with figures, and make independent strategic decisions.
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Figure 43: Relative distributions of questions related to profession per

cultural background

Birthplace of the participants and the parents:  The participants were all born in Switzerland
and have lived there formost of their lives. Each participant's mother and father were both born
in Sri Lanka or Switzerland, respectively. Consequently, 20 participants have Swissrn
parents, and 20 participants have Sri Lank&orn parents. As a result of this, we are able to

distinguish betweenthe Tamil and Swiss participants.

Bilingualism: All the Tamil participants were raised bilingudly. 16 participants from the Swiss
group were raised with only one language and 4 participants were also raised bilinguyl Hence,
60% of all the participants (Tamil: 50% & Swiss: 10%) were raised bilingudl, whereas 40%

(Swiss partidpants only) were raisedmonolingually.

Map use: In terms of how often participants use mapsin a Likert scale from 1 to 5 (never to

always) the mean answer for Swiss participantdies AAOx AAT OO1 i AGEI Abs AT A O
for Tamil participants the mean les AAOx AAT  O1 £OAT Barticlpans franAdotk AU O 6 8
groups use maps often(Swiss: 30%, Tamil: 27.5%) Tamil participants use mapsslightly more

than the Swiss participants as the mean answers shawowever, the difference is not significant

(w=157.5,p=0.1974), according to theWilcoxon rank-sum test

Cultural festivities : A person's thought process and approach to problems are influenced by

how traditional ly they are or were raised. As a result, the first questioabout traditions inquired
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