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“There’s an art of attending to weather, to the route you take, to the landmarks along the way, to
how if you turn around you can see how different the journey back looks from the journey out, to
reading the sun and moon and stars to orient yourself, to the direction of running water, to the
thousand things that make the wild a text that can be read by the literate. The lost are often
illiterate in this language that is the language of the earth itself, or don’t stop to read it. And there’s
another art of being at home in the unknown, so that being in its midst isn’t cause for panic or

suffering, of being at home with being lost” (Solnit, 2006 Page 10).
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ABSTRACT

Environmental factors, including landmarks that affect people’s wayfinding performance
in unfamiliar environments have been discussed in a great number of studies.
However, there is still no consensus on the factors that shape people’s performance or
what makes a landmark preferable during wayfinding. Hence, this study aims to
understand the impact of different spatial layouts, environmental conditions and
landmarks on people’s wayfinding performance, and the factors that make landmarks

salient.

Sea Hero Quest (SHQ), an online game that has been played by more than 4.3 million
people from 2016 to date, is selected as a case study to investigate the impact of
different environments and other factors, in particular landmarks. Forty-five wayfinding
levels of SHQ are analysed and compared using Geographic Information System (GIS)
and Space syntax axial, segment and visibility graph analyses. A cluster analysis is
conducted to examine the relationship between levels. Varying conditions associated
with landmarks, weather and maps were taken into consideration. In order to
investigate the process of selecting landmarks, visual, structural (whether landmarks
are global or local) and cognitive saliency are analysed using web-based surveys,

saliency algorithms and the visibility of landmarks.

Results of this study show that the complexity of layouts plays a major role in
wayfinding; as the complexity of layout increases, so does the time taken to complete
the wayfinding task. Similarly, the weather condition has an effect; as the weather
becomes foggy and visibility decreases, the time taken to complete the wayfinding task
increases. It is discovered that landmarks that are visible for more than 25% of a
journey can be defined as global landmarks whereas the rest can be defined as local
landmarks. Findings also show that landmarks that are visually salient (objects with a
unique colour and size) and structurally salient (objects that are closer to people) are

registered more by people in unfamiliar environments.

This study contributes to the existing literature by exploring the factors that affect
people’s wayfinding performance by using the largest dataset in the field (so providing
more accurate results), focusing on 45 different layouts (while current research studies
mostly focus on one or two different layouts), by proposing a threshold to distinguish
global and local landmarks, and analysing visual, structural and cognitive saliency

through various measures.
1]
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GLOSSARY

Axial map: a map that is created by using the fewest number of lines and the longest

lines based on “the line of sight”.
Choice: the possibility for each segment to be selected as a part of the shortest route.

Circular environment: street segments with a circular shape. An increase in the

number might make it easier for people to recover their wrong turns.

Cognitive saliency: cultural or historical characteristics of objects that make them

noticeable.
Connectivity: measures the numbers of lines intersecting with a line.
Dead end: end of a street segment where there are no possible exits (i.e. cul-de-sac).

Decision point: the points in an environment where people should decide which way

to go.

Checkpoints (destination): the locations a wayfinder should reach to complete a

wayfinding task successfully.

Directional reach: measures how far someone can go from a segment by using

specific turns (10°, 0 etc.).

Eye tracking: recording and studying eye movements in order to detect visual

attention.

Fixation: maintaining the gaze on specific locations.

Gaze behaviour: eye movements that might include both saccades and fixations.
Global landmark: landmarks that can be seen from a great number of vantage points.
Global value: shows the relationship between all systems.

Integration: the accessibility of each segment from the rest of the system within a

specific number of steps or direction changes.

Intelligibility: the correlation between connectivity and integration: shows how easily

one can understand an environment while located at a specific point.

Isovist: a set of points visible from a defined point.

XXII



Landmark: any salient object that is personal, communicable and visible either from a
distance or close up in an environment such that it can be used in the wayfinding

process for various tasks (e.g. route definition, orientation etc.).
Local landmark: landmarks that can be seen from nearby.

Local value: shows the relationship between lines or grids by using specific number of

turns or changes (e.g. three or five changes and how far someone can go).

Metric reach: measures how much of a system can be covered by using a specific

distance from each point.

Saliency: noticeability of an object based on its visual, structural or cognitive

characteristics.
Segment: a line between two intersections.

Segment length: the length of each segment (a line was used to define the space

between two intersections).

Segment map: a map drawn with lines where the distance between two intersections

is represented by one line.
Shortest route: minimum path length that should be covered to reach a specific point.

Street network entropy: unpredictability of a street network. When the value is low, it

is easy to predict the system.

Structural saliency: location-based characteristics of an object that make it more

noticeable (e.g. landmarks at decision points).

Visual attention: a cognitive process in which a subset of visual scenes is selected

from all available sources.

Visual connectivity: grids/cells that are connected to each other (similar to

connectivity; here the relationship between grids is explored).

Visual integration: accessibility of each grid from the rest of the system within a

specific number of steps (here the relationship between grids is explored).

Visual intelligibility: the easiness of understanding an environment from any point at

which a wayfinder stands (correlation between visual connectivity and integration).

Visual saliency: visual characteristics of an object that make it more noticeable, such

as size, shape or colour.

Wayfinding: a process in which there is an interaction between people and the
environment: the environment gives cues to the observers, and thanks to these cues,

observers develop strategies and tactics to find their destination from an origin.
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PREFACE

Around 50 million people around the world have dementia, and every year there are
approximately 10 million new cases (World Health Organization, 2019). Dementia
affects people in different ways, including but not limited to memory loss, thinking
speed, understanding, movement or mood." One of the important consequences of the
disease is its effect on the region of the brain called the hippocampus, which is
responsible for long-term memory storage and is also responsible for wayfinding.
Hence, one of the early signs of the disease is problems in wayfinding. This is why it is
thought that by checking people’s wayfinding abilities, it may be possible to predict the
likelihood of them developing dementia (Porter, 2016). Even though the disease and its
effects are mostly known, there are still no treatments to heal the disease or to stop its
progression. However, it is known that early diagnosis can be significant on the course
of the disease. Thus, by using people’s navigational abilities it might be possible to
detect the disease earlier as the performance of people with dementia differs from that
of others.

But we need to understand how people move within environments in general so that
we can compare their behaviours with those of people with dementia. What has
significant effects on behaviour and what makes a wayfinding task easier or more
challenging? Although there are a great number of studies on wayfinding, healthy
wayfinding behaviour on a mass population level is still not defined, which makes it
hard to understand the difficulties faced by people with dementia (Spiers et al., 2017).
Research in the last decades has pointed to different environmental factors, such as
complexity, accessibility or linearity. Yet no benchmark has been defined for use in
research on people with dementia. Hence, it is quite important to understand the
factors that shape people’s wayfinding performance, not only from an architectural or

urban planning point of view, but also from a cognitive or health-related point of view.

Sea Hero Quest (SHQ), an online game that was introduced to the public in 2016 by
app development company Glitchers Ltd., was developed to contribute to different
aspects of research on dementia. The game was designed through collaboration
between researchers and practitioners. Researchers from different universities

including University College London, University of East Anglia, McGill University,

! For more information, please check https://www.nhs.uk/conditions/dementia/about/ .
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Northumbria University, ETH Zurich, University of Cambridge and Bournemouth
University partnered with Glitchers, Alzheimer's Research UK and Deutsche Telekom
to tackle dementia. Researchers designed 75 levels in the game with different
conditions, including landmarks that are known to affect wayfinding, and a
gquestionnaire. Since the game was released in 2016 to date, more than 4.3 million
people have played it and contributed to the research. Hence, the game now has the
potential to create a benchmark of how people normally find their way and, therefore, it
has the potential to be used by researchers to detect if someone is susceptible to
developing dementia, based on their wayfinding performance.

This PhD — to understand the

relationship between spatial

layout, landmark type & location,
and wayfinding performance

Northumbria University — study
to understand the effect of
spatial layout of the
environments on wayfinding
performance

SHQ — aim to create largest
study of 'normal’ havigational
behaviour in order to provide a
benchmark for future testing of
suspected dementia suffers

Figure 1. The contribution of the thesis to SHQ research

The data is now being analysed by all the universities mentioned above and
researchers from different disciplines (architecture, neuroscience, medicine and
cognitive science) aim to better understand movement decisions and the reasons lying
behind decisions. As a part of this collaborative work, researchers from Northumbria
University aimed to work on the spatial structure and understand how spatial layout
shapes people’s wayfinding performance. This thesis gives insights into the built
environment and explains how spatial layout and different types of landmarks at
different locations shape people’s wayfinding performance (Figure 1). Using the largest
dataset in the field will allow researchers to obtain accurate results as well as enable
practitioners and academics to design easily havigable environments. Furthermore, the
results of this study are expected to be used in studies on wayfinding abilities of people

with dementia.
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1 INTRODUCTION

What helps us to find our way, whether or not we are familiar with the environment? Is
it a building or a tree that helps us to recognise our position and find our way, or is it
about the simplicity of an environment? Or is it something else, other than these two
options? Is there another condition that makes wayfinding easier or harder for us? Or is

it about the harmony of all of the different components?

Each day, we deal with a wayfinding task, or maybe more than one. We start the task
from a specific point, an origin, and complete it by reaching a destination, or a series of
destinations. In this wayfinding task, let's say we go from home to work, we can
complete the process by using a route that we already know, or we can use another
route that we do not know (for example, an exploratory walk in our neighbourhood —
still in a familiar environment), or we can try to find a way to our destination in an
unfamiliar environment (goal-oriented movement in an unfamiliar environment). In all
cases, we use cues from our surroundings. In a well-known environment, we may not
use the cues often because we already know where to go and the route we should
follow. If we would like to change our route in a familiar environment, we might use
environmental cues more than in the former situation, since our decision would depend
on the cues. Hence, for instance, if we use an alternative path to reach an address
near a train station, we can follow paths where we can see the clock tower of the
station to reach the address. In addition, other familiar features in the environment can
help us maintain orientation. In an unknown, unfamiliar environment, however, we tend
to use environmental cues even more to orient ourselves (Allen, 1999; Garling, BOok,
et al., 1986). To complete the wayfinding task successfully in an unfamiliar
environment, we tend to use the cues around us and try to remember the objects we
see. Or we can ask for route directions from someone familiar with the environment. In
this case, the instructions may be as follows: “turn right at the first traffic lights and go
straight on until you see an ltalian restaurant”. By using these instructions, which
include environmental cues, we might find our way and complete the task in an
unfamiliar environment without getting lost. Hence, to better understand the impact of
environmental factors on people’s wayfinding performance, it might be more

meaningful to focus on unfamiliar environments.

At this point, it is important to know which environmental factors help people to find
their way. There are various factors that shape wayfinding performance, including

spatial structure (Carlson et al., 2010) or landmark knowledge (Siegel & White, 1975).
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Accordingly, spatial structure can make a wayfinding task easier if, for instance, the
layouts are simple. When we look at a map to find our way, we might need to look at it
only once if we see that we need to take the first right (and the only right) on a street.
However, if there are alternative paths we might need to check the map again to see
which turn we should choose. Hence, the simplicity of the task, for example, can be an
important factor in wayfinding. Previous research suggested various measures (e.g.
intelligibility, decision points) to analyse and understand environments better, and
discovered the impact of these factors on movement (for example, Ozbil et al., 2015,
2016; Emo et al., 2012; Conroy Dalton, 2003; Kim, 1999; Haq & Zimring, 2003; O’Neill,
1991a; Slone et al.,, 2015). However, different factors have been mentioned by
researchers as significant for understanding people’s movement. For instance, the
number of decision points (intersections in an environment) and the number of dead
ends can be used to understand an environment. However, the factors that shape

people’s performance are still under debate.

In addition to environmental factors, other circumstances can affect our wayfinding
performance and make it harder for us to find our way. For example, let's imagine that
we are in a city for the first time and we would like to see specific locations with the
help of a map. In this case, the information and the details that we can learn from the
map affect our performance. Or imagine that we walk two quite similar paths on
different days. On the first day, the weather is clear and we can see our surroundings
easily. On the second day, however, the weather is foggy so we cannot see some of
the signs or cues that might help us. In this situation, the number of cues we can see
are affected by these conditions and so it might be harder for us to find our way. Thus,

it is also important to explore these criteria in addition to the spatial structure.

On the other hand, landmarks can also be analysed to better understand their
contribution to wayfinding. An object in an environment can help us to complete a
wayfinding task as we can orient ourselves based on this object. Any object in an
environment can be used as a landmark, since any object can be chosen for route
descriptions or any object might help us to find our way in an environment. But we may
choose some specific objects more than others. Again, imagine that we are in a city
that we have never been to before and we explore our surroundings. Depending on
where we are, we might focus on landmarks such as skyscrapers, bridges, towers,
churches or mosques that can be seen from further away; or we may focus on
landmarks with a specific colour, shape or material (e.g. The Louvre or The
Guggenheim); or at a specific location (e.g. a landmark that is located at an intersection
of major roads). We might see a landmark with a historical meaning (e.g. Charles

Dickens’ house in London) so that we can remember it. Or we may remember a
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landmark better because of its visual, structural or historical meaning. If landmarks are
one of the key components of wayfinding, it is essential to understand what makes

them more noticeable or, as stated in the literature, salient.

Landmarks are analysed based on their location, visibility or saliency. When we
consider the location of landmarks during wayfinding, we can check whether they are
along the route (when they are close), or whether they are at decision points. If they
are at a decision point where we need to make a turn, for instance, we might remember
them more easily. The location of a landmark can be a significant factor for that

landmark being seen or remembered.

Considering visibility, on the other hand, landmarks can be categorised as global or
local landmarks. If we can see an object from many points in an environment, like the
tower of the train station, that might help us globally orient ourselves, and we can
consider it as a global landmark. If a landmark can only be seen locally, from a limited
number of vantage points, we can consider it local (Lynch, 1960). Hence, we can
describe, for instance, a mountain or a tower as a global landmark, as it can be seen
from many angles and a great number of vantage points. A traffic light or a sign can be
described as local, as it can be seen from a limited number of points. When we think
about a settlement, we can find a great number of local landmarks and many global
landmarks. However, there is no clear distinction between global and local landmarks;
where a local landmark stops being local and becomes a global one. The definition of
global and local landmarks helps us to understand the difference between the two;
however, it is not sufficient to describe all objects around us as global or local
landmarks. A local landmark can be significant in finding specific destinations (e.g. turn
right at the bank, turn left at the second set of traffic lights). Alternatively, global
landmarks can also shape our wayfinding performance, as discussed in several
research studies (Li et al., 2016; Lin et al., 2012; Li, Korda, et al., 2014), while other
studies mentioned only the impact of local landmarks on wayfinding (Lynch, 1960;
Ruddle et al., 2011; Castelli et al., 2008; Meilinger et al., 2014). The findings of the
current studies are different in this respect. To clarify the impact of different types of
landmarks, it is important to first define a threshold to distinguish objects as global and
local ones. Once we can do this, then we can also see whether global landmarks are

effective in wayfinding.

Finally, what makes an object preferable during a wayfinding task can be analysed by
focusing on visual, structural or cognitive characteristics of landmarks — different
aspects of their saliency (Sorrows & Hirtle, 1999). Visual saliency depends on visual
characteristics of objects such as colour (the contrast with the background or difference

from the surroundings), size, shape or material. Structural characteristics are related to
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the location of landmarks, such that by using the specific location of a landmark we can
orient ourselves. Cognitive landmarks are those that can be remembered and used
during a wayfinding task because of their historical or cultural meaning. It is possible to
state that if a landmark is visually, structurally and cognitively salient, it may be more
noticeable (salient) than other objects that have just one of these criteria. Different
characteristics of landmarks, such as structural (Stankiewicz & Kalia, 2007) or visual
(Winter et al., 2005) characteristics, were mentioned in studies as more significant for
the landmarks to become salient. However, the characteristics that make certain
landmarks more salient than others are still being debated. In addition, it is important to
understand how to measure these characteristics of landmarks objectively to make a
comparison between them. If all of the characteristics of landmarks described above
can be analysed using particular measures, then a saliency score can be developed for

them and a comparison between objects can be made.
1.1 Hypotheses

In the light of the earlier discussion, it is hypothesised that people’s wayfinding
performance is affected by spatial layout and other conditions, in particular conditions
associated with landmarks. More specifically, it is hypothesised that landmarks play an
important role in wayfinding and salient landmarks that have a unique colour, size,
spatial location and that can be seen from many angles are expected to be preferred
by a higher number of people as salient landmarks. It is also hypothesised that the
complexity of layouts is key in wayfinding, and the factors that reduce the availability of
information about the environment, for example, conditions associated with the weather

or map readability, can also make wayfinding more challenging.
1.2 Research questions and objectives

The aim of this study is to understand the impact of spatial layouts, conditions
associated with weather and maps, and landmarks on people’s wayfinding
performance and to explore the factors that make a landmark likely to be selected by

more people. Research questions raised in this study are:

o Which environmental factors or conditions make wayfinding easier?

o How do we select landmarks in unfamiliar environments?
The objectives of this thesis are:

o To better understand how the spatial structure shapes movement,
o To explain the effect of different conditions (weather, map) on wayfinding,
o To define global and local landmarks (to make the distinction between the two

clearer),



o To investigate the impact of global landmarks and salient landmarks on
wayfinding,

o To explore visually, structurally and cognitively salient landmarks.
1.3 Contribution to knowledge

This thesis, therefore, aims to contribute to knowledge in several ways. First, a
definition of landmarks, global and local landmarks is proposed to clarify the usage of
the terms in this study. The second and perhaps more important contribution of this
thesis is to identify accurate results about environmental factors that shape people’s
wayfinding performance through the use of the largest dataset, that of SHQ, within the
wayfinding and landmark fields. This will include accurate results about the impact of
different weather, map and landmark conditions. The third contribution of this thesis is
to expand the literature on global landmarks and salient landmarks by analysing their
impact during a wayfinding task and by defining an objective threshold between global
landmarks and local landmark terms (the initial definition is qualitative, and this second
objective definition is quantitative). By finding a threshold, it might be possible for the
future studies to classify any object in an environment as “local”’, or “global” and
analyse them. The final contribution of this thesis is that it gives insights to the
landmark literature by analysing visual, structural and cognitive saliency using several

measures.
1.4 OQutline of the research

The thesis begins by reviewing the wayfinding literature to find suitable definitions of
wayfinding and wayfinding in virtual environments. Changes in behaviour in familiar
and unfamiliar environments are also identified. This is followed by the definition of
“successful wayfinding”. This definition is analysed under two headings: “People and
behaviour” and “Environmental factors that affect wayfinding”. First, the reasons for
successful or unsuccessful completion of a wayfinding task are explained briefly by
considering possible human-related issues under the former heading and then the
environmental factors that might affect the process are described in the latter section.
Complexity measures and Space syntax measures are introduced as environmental
factors. This first literature review chapter, therefore, describes wayfinding under
different conditions, and the factors that can be analysed to understand wayfinding

behaviour and performance.

The second literature review chapter focuses on landmarks. First the impacts of
landmarks during wayfinding are discussed, then the characteristics of landmarks that

make them preferable to people are described under three headings associated with
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the location, visibility and saliency of landmarks. Different methods used to measure

these three characteristics are identified in this chapter.

The method chapter explains how the research questions raised in the introduction are
analysed. First, the case study used in this research is introduced and the measures
used to analyse the environment are listed. Then the different conditions under
consideration are introduced, including landmarks. In this chapter, levels in the game
with the same layout and different conditions, and levels with similar layouts
(determined using cluster analysis) are defined. In addition, an overall methodology is

introduced for visual, structural and cognitive saliency analyses.

The first analysis chapter, “Analysing the levels of SHQ”, is designed to answer the first
research question: “Which environmental factors or conditions make wayfinding
easier?” Here, complexity measures, Space syntax measures and different conditions
are used and analysed with the big dataset of SHQ game-playing results. The second
and third study in this chapter focus on the impact of the conditions on people’s
wayfinding performance by using the game-playing results again. This chapter is

significant as it provides accurate results, since big data is analysed here.

Chapters 6 and 7 present the analysis of the landmarks of the game in detail. The data
analysed in these chapters was obtained from the same game environment; however,
additional experiments were conducted to understand people’s evaluations. Hence,
rather than using the full dataset, specific groups participated via surveys that are
described and analysed in these chapters. This analysis is conducted to answer the
second research question specifically: “How do we select landmarks in unfamiliar

environments?”

In the visual saliency analysis chapter, people are asked to evaluate visual
characteristics of landmarks, and saliency algorithms are also used to make a
comparison. Experts’ saliency evaluations are also taken into consideration and

compared with non-experts’ evaluations.

The “Structural and cognitive saliency” chapter discusses the two characteristics of
saliency using various measures and methods. An overall saliency evaluation is
presented where the landmarks of the selected levels are evaluated, and salient and

less salient landmarks are listed.

Finally, in the Discussion & conclusion, the findings and their relationship with the

existing literature are highlighted and future research directions are presented.
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1.5 Summary of the chapter

In this study, the factors that shape our wayfinding performance are examined by using
the largest dataset in the field and the effect of different conditions is tested.
Landmarks, global and local landmarks are defined. Then, global and local landmarks
are explored and a distinction is identified. The saliency of landmarks is also analysed.
In this chapter, more specifically, the underlying reasons for the research questions are

listed, hypotheses, aims, contributions and the outline of the thesis are explained.

In order to answer the questions arising in this chapter, the existing literature is first

analysed in detail to develop a methodology, as can be seen in the following chapters.
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2 WAYFINDING & ENVIRONMENT RELATIONSHIP

2.1 Introduction

This chapter focuses on wayfinding studies in the literature in order to understand the
definitions in the literature and find the gaps (Figure 2). The chapter begins by
discussing wayfinding definitions, wayfinding in virtual environments, and in familiar
and unfamiliar environments to explore the impact of different conditions. Next, the
criteria that make wayfinding successful are examined under two sections: people and
behaviour and environmental factors. The challenges that these two groups might
cause during wayfinding are investigated. The definitions as well as the findings of
previous studies are explained. To conclude the wayfinding literature review, visual
summary diagrams are used; the methodologies used in these studies and the gaps in
the existing literature are visualised.

There are two main sections: first, wayfinding as an overall idea, in which the definition
of wayfinding, wayfinding in virtual environments and wayfinding in unfamiliar and
familiar environments are discussed; second, successful wayfinding is described by

discussing people-related factors and environmental factors.

Once the term wayfinding has been defined and wayfinding in virtual environments is
discussed, the differences between wayfinding in familiar and unfamiliar environments
are explored. In addition, wayfinding in virtual environments is explained in this section.
Since it is stated that real environments can be simulated and tested in virtual
environments, the results of studies on virtual environments can be adapted to real
environments. Some of the studies on Space syntax (a technique used to analyse
environments quantitatively, see Section 2.3.2.5 for more information) and pattern
analysis are investigated separately for real and virtual environments. In the rest of the

thesis, there is no separation of studies on real and virtual environments.

The criteria for successful wayfinding are discussed in two sections: factors related to
humans and factors related to environments. Environmental factors are analysed under
two areas: complexity and Space syntax measures. Here, all measures that are used in

this study are identified.
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Figure 2: The pathway used in exploring the relevant literature

Articles used in this chapter were collected from Google Scholar using the search term
“‘wayfinding”. The majority of the search was conducted between April 2018 and
November 2018, and more than 30,000 articles were found. Papers related to more
specific topics (e.g. diseases, animal-related research, brain-related research, research
on specific age groups, etc.) were excluded from the research. To make the search
more effective, search strings composed of specific words such as “wayfinding” and
“virtual environments”, “wayfinding” and “cognitive maps”, or “wayfinding” and “shortest
route” were used. Finally, more than 150 papers were selected and analysed for this

chapter.
2.2 Wayfinding
2.2.1 What is wayfinding?

In this section, the concept of wayfinding is defined according to existing research
(Montello, 2005; Montello & Sas, 2006; Golledge et al., 2000). Golledge et al. (2000)
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describe two concepts that govern the processes behind human movement. One of
them is “navigation”, in which spatial information is processed based on the rate of
travel along a course between an origin and a destination. The other concept is
‘wayfinding”, which refers to selecting paths that link an origin and a destination.
Montello (2005) and Montello and Sas (2006), on the other hand, subcategorise
navigation into “locomotion” and “wayfinding”. Accordingly, locomotion is a traveller’s
movement depending on their surroundings. It is about the directly accessible area —
the surroundings of the traveller — that might have sensory effects. In contrast,
wayfinding is defined as a goal-directed movement in which people have a goal
destination that is not directly sensed. Because the term wayfinding as defined in these
papers agrees with the nature of the current study, this term “wayfinding” is used in the

rest of the thesis.

Bond (2020) stated that wayfinding is essential to our success as a species, since it
allows us to cultivate social networking. Thanks to our wayfinding abilities, we contact
other groups, know where to find resources or where to go for different purposes.
Humans complete wayfinding tasks every day. We all go out — start a journey from a
specific position — and meet our friends at a café, go to a library, go shopping or go to
our school or offices to work — so end the journey as soon as we reach the goal
location. Everyone might have at least one daily wayfinding task that could be in a
familiar environment or a new, unfamiliar environment. Thus, this activity is a part of
our everyday life. One of the earliest uses of the term wayfinding was made by Lynch
(1960). He defined “way-finding” and the factors that affect the wayfinding process,
mentioning related components such as environmental image or orientation’ and
disorientation. According to him, wayfinding is about using sensory cues from the
external environment in order to survive from free-moving life. Wayfinding has multiple
descriptions in the literature. Harniss et al. (2014) identified wayfinding as the ability of
people to find their way. Similarly, Passini (1984b) defined wayfinding as a cognitive
and behavioural ability of people to find spatial destinations. Peponis et al. (1990)
discussed that it is about finding a way to a specific destination without any delays.

Similarly, Golledge (1999) stated that following a path between a start point and a

% Spatial orientation is related to sense of direction. It is defined as “a person’s ability to mentally
determine his position within a representation of the environment made possible by cognitive
maps” (Passini, 1984 Page 35). A similar definition is given by Arthur and Passini (1992 Page
23) as: “the process of devising an adequate cognitive map of setting along with the ability to
situate oneself within that representation”. Alternatively, it is possible to say that it is the
traveller’'s awareness of their current location (Montello, 2001) and their awareness of other
places or objects (Hunt & Waller, 1999; Montello & Sas, 2006). Hence, orientation is about
knowing where we are, knowing the places and objects around us and knowing our place in the
“cognitive map” we develop.
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destination is called wayfinding. Furthermore, he suggested that three components are
necessary for wayfinding: to have an origin, to be able to remember the destination,
and to make the right decisions between these two locations in order to reach the
destination (Golledge, 1992). A number of studies have also argued that wayfinding is
about moving through space to reach a destination (Casakin et al., 2007; Garling,
Book, et al.,, 1986; Kaplan, 1976). According to Raubal, “Wayfinding behavior is the
purposeful, directed, and motivated movement from an origin to a specific distant
destination that cannot be directly perceived by the traveller. It involves interaction
between the wayfinder and the environment” (2008 Page 1243). Thus, he stressed the
significance of the interaction between the environment and the wayfinder, as well as
taking into account the size of environments. Based on this definition, it can be said
that wayfinding can only be done in large-scale environments® where wayfinders are
not able to see the target points (destinations). These definitions make some significant
points about wayfinding: it is about finding our way to a specific point, where we are not
able to view this point from the origin and where we complete the task without delays —

without getting lost — by using environmental cues.

Lynch (1960) discussed the need for structuring and identifying environments and
suggested that many different kinds of cues, namely landmarks, that can easily be
recognised because of their shape, or size (visual cues) or any other characteristics,
might be useful for defining environments. Furthermore, he claimed that if someone
has to find her way to a specific point, she uses the generalised mental picture of the
environment and moves accordingly. This environmental image may consist of specific
objects and/or locations, or it can be of objects that are linked to each other in our
minds (e.g. two objects and one of the important streets that connects these two
objects to each other). In the latter case (objects and a path to follow), it would be
easier to find our way. Hence, Lynch stated the importance of environmental cues on

environmental image and so on wayfinding. As environmental components affect

*ltis important here to define a large-scale environment. Raubal points to Montello’s (1993)
definition in which Montello gave four types of scale: figural space (smaller than the human
body and can be seen fully), vista space (as large as the human body or maybe larger than it,
and can be seen from a single place), environmental space (larger than the human body,
cannot be seen from one point) and geographical space (much larger than the human body, it
also cannot be seen fully). A common classification of environments is based on the scale and it
includes two components: large-scale and small-scale environments (Kuipers, 1982). According
to this classification, environments that can be seen from one vantage point are called small-
scale environments, while environments where people cannot see all points from one specific
location and they make observations and learn about the environment to develop a cognitive
map over time, are called large-scale environments. This definition then evolved to small-,
medium- and large-scale environments (Mandler, 1998) and a very large-scale environment is
also identified (Ruddle et al., 1999). Additionally, definitions such as spatial scenes, spatial
surroundings, neighbourhoods and graphic regions (different scales) are used (Hunt & Waller,
1999). However, no consensus is observed for the definitions.
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wayfinding, he also clarified the criteria that make an environment easily recognisable.
In his book, legible and distinctive environments are considered to be better
environments. As environmental factors affect wayfinding and they are essential for the
image of an environment, which helps people to way-find, he defined an easy way of
imaging the city and suggested five components of cities: edges, districts, paths, nodes
and landmarks.

Allen (1999) claimed that wayfinding is about the interaction between attributes of the
traveller and the environment. According to Golledge (2003), on the other hand,
wayfinding is the ability to learn a route and retrace it. He added that for successful
wayfinding, environmental knowledge is vital and it can be gained in two different ways:
incidentally or intentionally. While we explore an environment, we can learn or notice
things, which is gaining knowledge incidentally. In contrast, we can intentionally learn
about the environment; for example, by reading about it or taking classes. Darken and
Peterson (2001), on the other hand, proposed that wayfinding is a tactical and strategic
process rather than movement only. Moreover, they stated the importance of a
cognitive map (see Section 2.3.1.2) that is developed by the observer. According to
Passini (1984), wayfinding can be defined simply as spatial problem solving. Hence, to
solve a problem, people should use their cognitive and behavioural abilities (Arthur &
Passini, 1992). In this sense, it is possible to state that not only the environment, but
also the observer and her strategies, tactics and the image she creates of the

environment also affect wayfinding.

According to Arthur and Passini (1992), while people try to find their way in an

environment, they use three steps to solve the “spatial problem”:

o Decision making,
o Decision executing,

o Information processing.

Decision making is about planning what to do in the environment and decision
executing is about implementing the plan. Information processing, on the other hand, is
about the senses that one would use (hearing, seeing etc.) depending on the
environmental cues. Hence, both decision making and decision execution are
supported by information processing. During the wayfinding process, if people can
situate themselves in the environment and develop a plan to reach a specific goal
location and they can use the environmental cues effectively, then they might feel
oriented. In a contrary situation, people might feel disoriented. Thus, it can be stated

that all of these terms are related to the wayfinding process.
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Garling et al. (1986), on the other hand, defined four decisions someone should take to
complete a wayfinding task. According to them, one should decide the destination, find
the way to go to the destination by localising the destination (plan the route), find the
route between the origin and destination and choose a travel mode. Downs and Stea
(1973) also proposed four categories for wayfinding: orientation, route selection, route
control and recognition of destination. Here, orientation is about locating oneself with
respect to cues around; route selection is related to finding a route to reach a
destination using minimum effort; route control is related to verifying that the followed
route and the decisions taken are constantly true; and finally, recognition of destination
is related to being aware of the destination so that it can be known when the wayfinding
task is completed. In comparison to Arthur and Passini’s three-step model (1992), in
Downs and Stea’s four-step model “route selection” and “route control” can be mapped
onto “decision making” and “decision executing” respectively, as defined by the former,
while “route control” is also closely related to “information processing”. Route control
can be related to the last two steps defined by Arthur and Passini, since one needs to
execute his/her decision and follow the environmental cues in order to be able to
understand that the followed path is correct. Therefore, route control is also related to
orientation, since orientation is also about locating oneself in the environment and
making sure that the followed direction is correct. Hence, the steps to complete a
wayfinding task, as defined in these two studies, are quite similar; however, Down and
Stea’s description also highlights the significance of recognising the destination.

All of these papers point to the importance of similar ideas in wayfinding. Based on
them, it is possible to say that one should first decide where to go, find a way to go to
this point, and then execute the decision by observing the environment in order to not
get lost. Thus, within this thesis, the wayfinding process is thought of as an interaction
between people and the environment: the environment gives cues to the observers;
and thanks to these cues, observers develop strategies and tactics to find their

destination from an origin.

2.2.2 Wayfinding in virtual environments

Witmer et al. (1996) described virtual environments (VES) as computer-generated
simulated spaces where people can interact. Wayfinding and related topics have been
discussed for VEs in addition to real environments in different studies (Conroy, 2001,
Yang & Diez-Roux, 2012; Wang et al., 2005; Meilinger et al., 2015; Jansen-Osmann &
Fuchs, 2006). A great number of studies on VEs have been designed to understand
whether or not it is possible to use VEs in order to better understand real environments

and develop solutions for the problems of the real environments.
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Aga Skorupka (2008, 2009) compared real and virtual environments by using a
complex office building and asking participants to find a specific location. Half of the
participants experienced the virtual office while the rest experienced the real office
building. She first discovered that it took more time for participants in the virtual office
to complete the task. In addition, she could not find any correlation between patterns of
wayfinding used in the real and virtual environments. Kort et al. (2003) considered the
comparability of real and virtual environments by asking 101 participants to explore
either real or computer-simulated environments. The results, however, were mixed:
behaviour in VEs had similarities to that within real environments, but there were also
important differences. The researchers argued that integrating spatial information with
configurational knowledge was one of the problems of VEs. However, they also
discovered that VEs were better for approximating perception and interaction with

spatial and architectural features.

On the other hand, the differences between real and virtual environments have been
defined by different studies. Ruddle and et al. (1997) clarified the differences as

follows:

1. Limitation in eye, head and body movement in virtual environments: in real
environments, movement is controlled and shaped by the feedback on
rotational movement. However, this rotational feedback can be more limited in

virtual environments as movement is controlled with a mouse or a keyboard.

It can be said that this has recently changed, and VEs have become more real-like with
the development of tools like virtual reality (VR) headsets, which allow people to move

to see different parts of the environment.

2. Restricted field of view in virtual environments: the field of view in virtual
environments can be more limited than a human’s field of view. In virtual
environments, the field of view can vary from 60° to 100° whereas human'’s field

of view is 180° (Mazuryk & Gervautz, 1999).

As with the changes to the first factor, it is also possible to say that the field of view has
now increased in VEs to become more similar to that in real environments. Hence,
nowadays the designed environments can be seen from an extended field of view (e.qg.

panoramic views).

3. Limitation in landmarks and nonvisual cues: virtual environments can contain
fewer landmark types than real environments. Furthermore, senses used (e.g.
hearing) can be also limited as senses other than sight are mostly excluded in
virtual environments (see Montello et al., 2004), which can be thought of as

another barrier.
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This has also changed recently as sound has been added to virtual environments.
4. Finally, spatial knowledge can be different in VEs compared to real ones.

Again, it can be said that using a realistic training environment is a key factor in
obtaining similar results from studies in virtual and real environments. In addition, it is
also key to give participants some time to adapt to the VEs and the tools that they
should use in practice sessions (Marin-Morales et al., 2019). An interesting study was
performed by Wallet et al. (2011) to understand the effect of the visual fidelity of VEs
on wayfinding. To do this, they used VEs that were undetailed (with no colour or
texture) and detailed (with colour and texture), and which were then controlled using
the results from the real environments. Researchers found that detail within VEs had a
significant effect. Better performance was observed while the participants were moving
within the detailed VEs. These important results demonstrate that VEs are helpful in
understanding real environments as long as the VE includes many details that can be

found in real environments.

As well as listing the differences between real and virtual environments in their
research, Ruddle et al. (1997) compared real and virtual environments with
experiments. They observed that people could develop route-finding abilities in VEs
easily as they gained spatial knowledge, and these abilities were just as accurate as in
real environments. Moreover, Witmer et al. (1996) aimed to understand whether a
virtual model of a building could be used to navigate actual buildings. They observed
that through a virtual model of a building, one could learn a route to follow in the real
one. Hence, they concluded that VEs that represent the real world can be effective for

learning complex routes.

Another essential contribution to the research into the relationship between real and
virtual environments was made by Conroy (2001). In her study, Conroy discovered that
it is possible to observe people’s behaviour in real environments by using virtual
environments. Within her thesis, she focused on the Tate Gallery (London), and made
real-gallery observations and prepared a virtual dataset to compare with the results of
the real environment. Finally, she discovered that using VEs is not only beneficial for
gaining data about real environments, but they also have some advantages such as
providing a rapid and accurate way of obtaining data. It has also been stated that VEs

can be used to test theoretical worlds.

In their paper about spatial knowledge, Richardson et al. (1999) prepared a simple VE
and a complex building. Participants first learnt the environment, completed a task and
they learnt the building in three different ways: by viewing it from a map, by

experiencing it and by traversing through a virtual rendition of it. As a result of this
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study, researchers noted that learning an initial simple VE was highly predictive of
people’s ability to learn a real environment. The results were similar for people who
learnt the environment from a virtual layout and a real one. Similarly, Waller et al.
(1998) stated that VEs allow people to develop useful representations of large spaces.
Morales et al. (2019) compared navigation patterns in real and virtual environments.
They used head-mounted display devices and asked patrticipants to observe both real
and virtual museums. Results of this study also showed similar navigation patterns for

virtual and physical museums.

Recent cognitive studies have also expressed similar results for real and virtual
environments, stating that the use of a VE provides a reliable assessment of people’s
navigation abilities (Claessen et al., 2016; Cushman et al., 2008; Sorita et al., 2013).
More importantly, Coutrot, Schmidt et al. (2018) conducted research using the mobile
app Sea Hero Quest, which is also used within this study, and they compared people’s
performances in real and virtual environments. Researchers discovered a significant

correlation between real and virtual environment performance.

Based on all of the studies discussed here, it is possible to say that even though virtual
environments might have limitations compared to real ones, one can test real
environments by using the virtual ones. Moreover, the factors with the greatest effect
on people’s navigational abilities can be detected. These factors can form a basis for
creating easily navigable environments in urban design and at urban planning scales.
Hence, the rest of the review of the wayfinding and landmark literature uses

explanations and examples from both real and virtual environments.
2.2.3 Wayfinding in familiar and unfamiliar environments

Even though real and virtual environments have some differences, the literature mostly
suggests that it is possible to test real environments by using virtual environments.
Another question appears after this: do people behave differently in environments they
know and they do not know? As a part of their research, Garling et al. (1986) focused
on the differences between the behaviour of newcomers and people who are familiar
with an environment. They argued that newcomers should have some clues to find
their way. This clue can be a map, which can be used to find a destination.
Alternatively, people can pay attention to the environment in order to see landmarks
(e.g. signs) to complete a wayfinding task. For people who are familiar with the
environment, a map will not really be necessary as they already have a map in their

minds. Lovelace et al. (1999) hypothesised that as familiarity increases, spatial tasks

22



become easier, and as familiarity decreases, spatial representations* become distorted
and people have difficulties with completing the wayfinding task. In order to test the
hypothesis, they asked people to describe both familiar and unfamiliar environments.
They concluded that a higher level of spatial knowledge correlated with more accurate

route directions.

According to Allen (1999), there are three different wayfinding tasks: finding a
destination in a familiar environment, finding a destination in a familiar environment by
exploratory travelling, and finding a destination in an unfamiliar environment. Finding a
destination in a familiar environment is quite common as people may go to work or
back home every day. Similarly, finding a destination by an exploratory travel is also
common as people can walk around and “explore” their surroundings when they go to a
new place (a new destination). Wayfinding in an unfamiliar environment, as Allen
(1999) and Garling et al. (1986) proposed, relies more on spatial information. This
information could be a map, verbal directions or environmental cues. Unfamiliar
environments have been used by researchers in VEs in order to better understand the
factors shaping wayfinding performance (Darken & Sibert, 1996; Han et al., 2008;
Steck & Mallot, 2000; Miller & Carlson, 2011), since people pay more attention to the

cues when they are in unfamiliar environments.

To summarise, people already have a spatial representation in their minds for familiar
environments and they use this while they are moving in that environment, in addition
to using some environmental cues. However, in an unfamiliar environment, there are
no spatial representations. In order to produce this information, people use verbal
directions or environmental cues such as landmarks. Thus, thanks to these cues,
wayfinding tasks can be completed successfully. But what is important and really
necessary for someone to be able to find his or her way in an unfamiliar environment?

In the next section, all factors that shape wayfinding performance are examined.
2.3 What is successful wayfinding?

According to Allen (1999 Page 47), “successful wayfinding is reflected in the traveller's
ability to achieve a specific destination within the confines of pertinent spatial or
temporal constraints and despite the uncertainty that exists”. When experiencing
wayfinding difficulties, people might lose time, they might feel uncomfortable, unsafe or
stressed (Dogu & Erkip, 2000). In contrast, successful wayfinding increases

satisfaction and safety and decreases time spent on reaching the destination. Thus, it

4 Spatial representations are products of information processing and thus, if someone would like
to stay oriented in an environment he/she should have an accurate representation (Passini,
1984a). It can be considered to be the way a space is represented in the brain.
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is critical to understand the factors that lead to the successful conclusion of a
wayfinding task. For success in wayfinding, Golledge (1999) stated the necessity of
having an origin and a destination, as well as determining turns, defining the length of
segments and recognising landmarks. Furthermore, he described four key factors for a
successful wayfinding task: path integration (homing), piloting, chunking and using a
schema developed from knowledge (Golledge, 2003). Path integration refers to the
ability of a traveller to point at the origin of the journey in a straight line at any moment
of his/her journey. Piloting refers to finding a way by using landmarks as environmental
cues. Thus, by using the landmarks, people can find their destination by following paths
from landmark to landmark. Chunking refers to dividing a route into pieces that can be
completed sequentially until the wayfinding task is finished. While chunking a route,
one can still use landmarks, for instance, as environmental cues. Finally, the schema,
which is developed by the traveller, also affects wayfinding performance. Passini
(1984) stated that for successful wayfinding a solution is required for the spatial
problem; this reflects the way he defined wayfinding as spatial problem solving. He
added that three components are essential in the wayfinding process: environmental
information (a descriptive component, locational component and time component),

decisions and behavioural actions.

In contrast, wayfinding can also be unsuccessful. As Arthur and Passini (1992)
proposed, if a wayfinding task is unsuccessful there are two components that can be
blamed: people or the environment. In their book Wayfinding: people, signs, and
architecture, they claimed that people may pay no attention to the objects they see.
Alternatively, even if they pay attention, they might still forget the objects leading to the
wayfinding task being unsuccessful. Alternatively, the environment can be blamed if it
is poorly designed. Both of these components can be the reason for people to lose
their way or become disoriented. Thus, in this chapter the factors related to people
(their observations and behaviours) and the environment will be discussed to examine
how they affect the process. Owing to the motivation of the current study, the focus is
on the effect of environmental factors on wayfinding, rather than on the factors related
to people. However, cognitive effects are also explained in related chapters and in the
analyses, since these two components cannot be thought of independently from the

process.
2.3.1 People and behaviour

The first component to consider in wayfinding is people. During the wayfinding process,
if people observe the environment well and pay attention to their surroundings, the

wayfinding process can be successful. Even though people look at objects, if they do
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not pay attention then they will not be able to recall or recognise® the objects, and it will

be challenging for them to find their way.

During a typical wayfinding task, there are some steps that people follow consciously or
unconsciously, such as orienting themselves, finding some clues, relating these clues
to places, etc. These processes are explained under two subsections: spatial
knowledge and cognitive mapping.

2.3.1.1 Spatial knowledge

Spatial knowledge is gained as people move within an environment. It can be acquired
directly by experiencing environments; or viewing maps, images or 3D models
(Montello, 2001; Richardson et al., 1999); or by watching a presentation; or by using

virtual environments.

It is argued that when building representations of places, most people rely on senses
and proprioceptive experiences to identify, encode and store the environmental
knowledge. Therefore, environmental knowledge is gained during the wayfinding
process (MacEachren, 1992). In addition, spatial knowledge might change over time
and with experience. Sholl (1996) suggested two key processes for spatial knowledge:
object-to-person and object-to-object relations. Object-to-object relations are stable;
however, person-to-object relations can be shaped depending on the changes in a
person’s location. Environmental knowledge depends on different factors such as the
way that the knowledge is acquired, or the way it is organised and stored in our

memory (Leiser & Zilbershatz, 1989).

Siegel and White (1975) suggested that knowledge begins with noticing and
remembering objects, namely landmarks. Furthermore, they argued that three types of
knowledge are required in order to develop spatial knowledge: landmark knowledge,
route (or procedural) knowledge and survey (or configural) knowledge. Landmark
knowledge refers to remembering or learning the salient objects in an environment.
The authors suggest that landmark knowledge is important as all learning is organised
around landmarks. Route knowledge comes from serial learning that consists of a
series of decisions. These decisions are always aimed at linking one point to another.
Then routes between landmarks are learned and, finally, these routes are integrated
into configural representations, which provide survey knowledge. Therefore, one can
choose different paths and follow a route between two points depending on different

conditions. For example, the effect of traffic on a very busy day may cause us to use

® Here, Arthur and Passini’s (1992) definition gains importance. They stated that if we can
remember an object even in the absence of it, then this is called recall, whereas it is called
recognition in case the object is present and we see and remember it.
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another route. Even though some similar definitions have been developed for spatial
knowledge, such as landmark learning, route learning and region learning
(MacEachren, 1992), the definitions of Siegel and White can still be considered the
most effective in the literature. A more recent opinion, however, was developed by
Montello (1998), who asserted that there is no stage at which only pure landmark or
route knowledge exists. According to him, as familiarity increases, the quantity and
completeness of spatial knowledge increase. Hence, Montello proposed that most of
the steps occur in parallel, rather than in a sequential order. In another study,
researchers also found that people can acquire route or survey knowledge as soon as
they explore an environment (Ishikawa & Montello, 2006). Thus, we learn an unfamiliar
environment by knowing the names or locations of landmarks, the routes that contain
some of the landmarks and their topological relationships as we learn more about them
(Ekstrom et al., 2018).

Another type of spatial knowledge identifies two terms: active and passive learning.
Chrastil and Warren (2012) stated passive learning is provided by visual information
given to an observer via videos or series of slides. Active learning, in contrast, is mainly
derived through physical movement within the environment. Additionally, active
learning may include different cognitive processes, such as using landmark information
in order to update the location for the purpose of orientation (Gaunet et al., 2001).
Appleyard (1970) gave an example about drivers and passengers to explain this
concept. Accordingly, car passengers, undergoing passive learning, tend to learn less
about the layout of a route than the drivers do. Other studies have compared active
and passive learning and provided different findings. Some studies have found that
active learning is more effective for route learning (Peruch et al., 1995; Farrell et al.,
2003; Appleyard, 1970), while others have emphasised the impact of passive learning
or found the effects of the two learning types to be similar (Wilson et al., 1997; Gaunet
et al.,, 2001). Chrastil and Warren (2012) pointed to five key points in active learning
that contribute to spatial knowledge: (1) motor commands that define the path
locomotion, (2) vestibular information about self-motion, (3) allocation of attention to
relevant spatial properties, (4) cognitive decisions about the selected route and (5)
mental manipulation of spatial information. They then defined an additional point: (6)
proprioceptive information about displacement with respect to the substrate (Chrastil &
Warren, 2013).

The research on spatial knowledge points to two key ideas mostly: (1) active learning,
where people explore the environment by themselves rather than seeing a video or
slide, is more effective for learning the environment, (2) landmarks are key in

understanding the environment.
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2.3.1.2 Cognitive map/mapping

Arthur and Passini defined a cognitive map as “an overall mental image or
representation of the spaces and the layout of a setting” (1992 Page 23). The mental
image is created using different vista points in an environment. Hence, the process is
that of mental structuring as our mind gathers all information that has been observed
and links the images to each other. Golledge (2003) defined the cognitive map as one’s
internal representation of the spaces that have been seen. Correspondingly, it has
been defined as an internal representation of an external environment, including the
relationships between features (Golledge et al.,, 2000). Similarly, Kaplan (1976)
discussed the relationship between places when he defined cognitive maps. Cognitive
maps include landmark knowledge, route connections, and the distance and direction
relationships as well as non-spatial attributes or emotional information (Montello, 2001).
According to Downs and Stea (1973), in order to understand how cognitive — or mental
— maps are formed, someone should ask three questions: (1) what do we need to
know, (2) what do we know and (3) how do we gain the knowledge? They pointed to
two things that people need to know: the locations and their attributes (what is there —
at the location — and why should people go there). Then we should focus on what is
known to understand how to arrive a destination. The authors asserted that cognitive
maps, compared to base maps (a map that provides location references for features
that do not change often like boundaries, rivers, lakes, roads etc.), are more abstract,
highly selective and generalised. Hence, they are likely to be incomplete, schematised
and augmented. Although the cognitive map is simpler than the environment, it has an
order (Kitchin, 1994). People move around an environment according to the way they
see it, as their cognitive maps let them. Using clues in the environment and our senses,

we can build a map while we are moving within the environment.®

® The cognitive map developed by the users of environments can also be categorised based on
the way users view the environment. Here we can talk about two different options: egocentric
and allocentric formats (Minzer & Stahl, 2007; Thorndyke & Hayes-Roth, 1982). According to
this categorisation, the egocentric format is the view-based visual instruction format in which
people learn the environment by moving within it, and allocentric is a map-based format in
which people learn the environment by using maps. The allocentric perspective can be thought
of as a representation with reference to objects other than the navigator (Ekstrom et al., 2018).

The allocentric perspective represents a more stable reference frame and it can involve using
the locations of landmarks relative to each other, for instance. Therefore, the allocentric format
is two-dimensional and egocentric format is four-dimensional. Thorndyke and Hayes-Roth
(1982) aimed to understand the differences between two different groups: people who learn the
environment through maps and people who learn the environment through navigation. They
concluded their study by saying that navigation subjects were more accurate than map-learning
subjects were.

27



Cognitive maps, as mentioned previously are abstract and schematised. As people
move within the same environment this map tends to develop and the objects in the
environment and the links between them become clearer. Hence, the base map and
the maps in our minds become more similar. Therefore, it becomes easier to find a
specific destination in these increasingly familiar environments over time. This process
can be defined as cognitive mapping. Using the definition of Golledge et al. (2000),
cognitive mapping involves storing, encoding and manipulating the experienced

information.

Cognitive mapping plays an important role in spatial behaviour, decision making,
learning and adapting the information to the real world (e.g. planning and teaching)
(Kitchin, 1994). Moreover, as cognitive maps are used to recall information, they are
also used for wayfinding tasks (Golledge, 2003). Hence, it is possible to say that spatial
knowledge and cognitive maps produced with this knowledge are predictive in a

successful task.

There are various additional behavioural factors that may affect people’s wayfinding
performance, such as cultural differences, differences in vocabulary or terminology or
gender differences. Moreover, diseases that can affect memory such as Alzheimer’'s
(Monacelli et al., 2003; Uc et al., 2004; Davis et al., 2017) or other forms of dementia
(Passini et al., 1998, 1995; Marquardt & Schmieg, 2009; Marquardt, 2011) can have an
effect on the success of wayfinding tasks; however, these topics will not be discussed
in this thesis as these concepts are beyond the scope of this study. Only one factor, the
effect of age, which was discussed in different papers (Bryden et al., 2013; Taillade et
al., 2013; Harris & Wolbers, 2014; Head & Isom, 2010), will also be considered in this
study since a significant relationship was found between age and performance in Sea
Hero Quest (Coutrot, Silva, et al., 2018). Hence, in this study, the results from a
specific age group are analysed. The next subsection discusses the environmental

factors that might shape the wayfinding process.
2.3.2 Environmental factors that affect wayfinding

The reasons for people being responsible for an unsuccessful wayfinding task are
discussed in the previous subsection. The other important reason for failure in a
wayfinding task is related to the structure of the environment. People use cognitive
maps in order to complete wayfinding tasks and if the environment is new to them, then
they develop a cognitive map by moving within the environment. Nevertheless, the

length of time it takes for someone to build a cognitive map depends on people’s
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abilities, as mentioned earlier. However, there is also another important factor:
environment. How easy it is to walk or move within the new environment? How well can
we see our environment from where we stand? Are the objects around us helpful

enough? All of these questions are directly related to the environment or its conditions.
2.3.2.1 The impact of various conditions on wayfinding

One of the first factors that might affect navigational abilities is related to the conditions
within the environment. There are a great number of studies about spatial navigation in
virtual environments; however, the number of studies focusing on the effect of weather
and map conditions is limited. Hurlebaus et al. (2008) tested two different conditions in
a virtual environment by asking participants to learn a path between two locations. In
the first experiment, they added no local objects (landmarks). In the second
experiment, they added fog into the environment, decreasing participants’ visibility such
that they would not be able to see global landmarks. The researchers observed that
participants who had a high variability in their route choices were affected by the fog.
Similarly, Ruddle and Peruch (2004) investigated the impacts of fog and global
landmark conditions in virtual environments. They discovered that removing the fog
caused a reduction in the distance participants travelled to reach their destination, and
the results clarified the importance of the line of sight in Space syntax. However, they
could not observe any significant effects of global landmarks. Moreover, Burns (1998)
discussed how poor visibility due to bad weather can obscure environmental
information and cause people to get lost. Burns also described how people can
experience wayfinding problems due to information being limited when signs are
obscured. Hence, these criteria can also be added to the analyses in order to compare

all possible variables that may shape people’s wayfinding performance.

Different map conditions, such as differing levels of detail (e.g. one map with only
simple geometry, another with more complex geometry or with text on it) were also
compared to understand their impact on wayfinding tasks (Soh & Smith-Jackson, 2004;
Devlin & Bernstein, 1997; Lobben et al., 2014). The results of these studies suggested
that maps with more visual or textual detail could help people to find their way more
easily. Hence, these factors should be considered to understand people’s wayfinding

performance.
2.3.2.2 The impact of the layout

Passini (1984b) examined the problem of disorientation by first focusing on mazes. He
argued that even though we continually use our mental maps, which are automatically
executed most of the time, we cannot do this in a new environment. Mazes can be

enjoyable for children and adults. However, this changes when we consider everyday
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life. In cities, people would like to go from one location to another easily and they prefer
not to feel disoriented. In a maze, because of the complexity7 of the environment,
people tend to feel disoriented or confused about their position. These feelings then
might evoke the fear of being lost and in danger. If the maze walls around us are higher
than eye level such that it is not possible to see the other parts of the maze, it is even
harder to complete the task and the feeling of fear may increase further. Additionally,
other research has shown that as the complexity of layouts increases, wayfinding
performance decreases (O’Neill, 1991a, 1991b). Therefore, it is important to
understand the factors that make an environment easily navigable.

Literature on cognitive science and wayfinding has introduced some terms that are key
in wayfinding. Accordingly, for successful wayfinding, environments should embody
relatively higher Iegibility8 (Golledge, 2003; Arthur & Passini, 1992; Passini, 1984b;
Lynch, 1960), readability® (Arthur & Passini, 1992), and imageability’® (Arthur &
Passini, 1992; Lynch, 1960; Passini, 1984b). Weisman (1981), for instance, focused on
simplicity (the complexity of the environment), describability (the ease with which the
environment can be described), memorability (the ease with which one could
remember the environment) and legibility (the judged ease of wayfinding) of
environments. Weisman discovered that there is a clear relationship between
environmental legibility and wayfinding. He also discovered that people’s simplicity
judgements were an important predictor of wayfinding behaviour. Garling, Book et al.
(1986), on the other hand, stated that the degree of differentiation, degree of visual
access and complexity of spatial layouts are key factors for wayfinding. Degree of
differentiation refers to whether different parts of the environment look similar or not,

and it is expected that as the degree of differentiation increases, the environments

! Complex systems are defined as large nonlinear systems of interacting components, which
may allow a self-organised structure (Boeing, 2018). They refer to a system that has many
connections and interacting subcomponents (Batty, 2005). The complexity of layouts can be
defined by different components such as the size of an environment, the number of possible
destinations and routes, and the angles of intersecting routes (Li & Klippel, 2012).

8 Legibility: “Architectural legibility is the degree to which the designed features of the
environment aid people in creating an effective mental image, or ‘cognitive map’ of the spatial
relationships within a building, and the subsequent ease of wayfinding within the environment.”
(O’Neill, 1991b Page 259), or as Arthur and Passini (1992) defined, it is about the ease with
which an environment can be perceived and the information collected.

o Readability: measures the ease with which information about the environment can be

understood (Arthur & Passini, 1992).

10 Imageability: Lynch described imageability as having the same meaning as legibility, which is
the quality of an object that allows it to evoke an image in an observer’s mind (Lynch, 1960).
Arthur and Passini (1992), on the other hand, gave different definitions for these terms.
According to them, imageability is the ease with which the spatial layout can be understood and
mapped.
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become more differentiated. In this situation, legibility of environments tends to
increase as they become more memorable. Visual access refers to the extent to which
parts of the environment can be seen from other parts. Finally, for complexity,
researchers focused on the importance of the size of the environment and the number
of possible destinations and routes. Thus, according to this perspective, if an
environment has a higher degree of differentiation, and accessibility, and low
complexity then it would be easier to way-find within it. Li and Klippel (2010) stated that
salient landmarks can be used in order to understand the degree of differentiation.
Researchers stated that landmarks are necessary if the legibility of environments is to
be fully analysed. Urban planners, designers and architects discuss not only these
factors but also additional factors to understand the environmental components
shaping wayfinding. These discussions are analysed under two headings: complexity

and Space syntax analysis.
2.3.2.3 Complexity of environments

As mentioned, complexity is a key term in wayfinding. A complex object or place is
hard to distinguish (Gershenson & Fernandez, 2012) or as proposed by Batty
“complexity is a characteristic of systems that are intrinsically unpredictable” (2005
Page 64). Therefore, in a complex system or layout it is hard to predict where to go.
Complex systems may include simple parts and yet it may still be difficult to understand
and sense the whole system. Batty stated that “a complex system in this context is
based on simple rules or interactions that give rise to unanticipated spatial outcomes”
(2005 Page 64). Hence, in a complex system, even if we have simple parts, it is still
hard to understand the whole. But then how can the complexity of layouts be measured
and understood? Lloyd (2001) defined three questions to quantify complexity: “how
hard is it to describe?”, “how hard is it to create?” and “what is the degree of
organisation?”. Based on these questions, if an object or place is hard to describe or
create, then it can be thought of as complex, and in contrast, if it is easy to describe or
create, then it can be thought of as simple. In addition, one can understand the closely

related quantities (objects and environments that are complex to a similar degree).

Boeing (2018) defined five dimensions of complexity: temporal, visual, spatial, scaling
and connectivity. The temporal dimension is described as the processes and
behaviours that change over time. The visual dimension is described as humans’
perception of the details of the built environment. The spatial dimension is related to
land patterns and granularity, whereas scaling is related to the similarity of structures
across multiple scales. Finally, connectivity is related to cities’ and citizens’ network
organisation. Various measures are defined here by the author including entropy,

which is related to the temporal and spatial dimensions; average street length, which is
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related to the connectivity dimension; intersection density, which is a measure of
connectivity; and betweenness and closeness centrality (see Section 2.3.2.5 to read

about these terminologies), which again relate to connectivity.

As previous studies have shown that complexity is a key term in wayfinding, the
following subsections identify different measures that can be used to describe the
complexity of layouts. In addition, the positive or negative impacts of these measures
are also discussed.

Pattern

Lynch (1960) listed the five key components in cities that make them imageable:
nodes, paths, districts, edges and landmarks. Accordingly, by using these five points
one can understand a city system better and find one’s way easier. The pattern of
cities, their streets, can also be an important factor as different types of patterns may

have different levels of complexity. Lynch (1981) suggested seven types of patterns:

Star (radial)
Satellite

Linear
Rectangular grid
Other grid
Baroque network

N o o b~ DR

Lacework.

As Marshall (2004) also claimed, the relationship between these systems might be
different, and hence, the complexity will vary, as will the behaviour of people. This idea
points to one of the criteria defined by Lynch: paths, and their effect. In addition, it was
also observed that different layouts affect people’s wayfinding strategies. For instance,
it was argued that in a grid network, as seen in North American street networks, with
numbered streets and blocks, people might use street names in their route
descriptions, whereas in Asian cities with relatively organic street layouts, people might
rely on landmarks (Duckham et al., 2010). It was also suggested that different layouts
could improve route learning (Evans et al., 1984). Furthermore, in a linear environment
people could rely on one strategy, for example, one type of landmark may be preferred

(Meilinger et al., 2015). Hence, the layout can also affect our strategies.
Decision points

The complexity of a system is not usually related to a single path, but is a combination
of the circulation systems using different paths. The main distinguishing features of

composite circulation systems are intersections (or nodes, as referred to by Lynch
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(1960)), where people can follow alternative possible routes. Or, as argued by Arthur

and Passini (1992), decision points are the intersections of corridors.

As Raubal and Egenhofer (1998) stated, decision points are directly related to choices
and they are the points at which people have an opportunity to select one path from
others. Decision points are the places where people should make decisions to find their
way, thus these can be the points where wayfinding errors occur (Richter, 2009).
Hence, it has been stated in previous studies that the number of decision points has a
strong influence on wayfinding performance (Raubal & Egenhofer, 1998; Arthur &
Passini, 1992).

Segment length

Segment length can be related to the decision points in an environment. If the number
of decision points increases in an environment, this means that the length of segments
decreases. Thus, there can be fewer possibilities of making wayfinding errors if the
length of streets increases, and in turn the number of decision points decreases. Thus,

longer segments indicate areas that are less complex (Richter, 2009).
Shortest route and destinations (checkpoints)

Shortest route refers to the route between two specific points that can be thought of as
the best option to follow in order to finish a wayfinding task quickly and easily. There
are different ways to measure the shortest route, such as that based on the distance;
based on the time, that is the fastest route (Bovy & Stern, 1990); or based on the
simplicity of a route, or how easy it is to explain and remember. It is expected that as
the length of the shortest route decreases, the wayfinding task can be completed in a

shorter time period.

Similarly, in wayfinding tasks there can be more than one destination, such that
wayfinding requires finding a series of checkpoints. In comparative studies, it is
essential to keep the numbers of checkpoints the same (or as similar as possible) to
maximise the possibility of keeping the length of the route the same. This would also
enable controlling the memory and spatial planning challenge. If the number of
checkpoints varies, it is expected that it would take more time for a participant to
complete the wayfinding task in an environment in which the length of the route is
constant. The shortest route can also be measured with respect to the order of the

checkpoints.
Dead ends
In the Cambridge Dictionary Online (2020), a dead end (or a cul-de-sac) is defined as

“a road that is closed at one end, and does not lead anywhere”, or “a road or path that
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has no way out at one end”. If people want to reach a specific destination and
accidentally turn in to a dead end, they can only recover this by going back to the
decision point. Therefore, dead ends might make the wayfinding process more
complicated as they block users’ exploration and make it harder to develop a cognitive
map (Holscher et al., 2006, 2012).

Street network entropy

Previous research stated that street network entropy (SNE) has theoretical connections
with complexity (Batty, 2005; Batty et al., 2014). Entropy is explained as the state of
orderliness or disorderliness (Pagkalinawan, 2019), and it can be used to quantify the
complexity of street orientations and length variations (Gudmundsson & Mohajeri,

2013). Shannon’s entropy description is based on the formula:

H(X) = _Zpi log (pi)
=1

Equation 1. Shannon's entropy formula

Here, entropy is shown as H, m is the number of subsets in the system X, and p; is the
proportion of agents in the i™" subset (Shannon, 1948). The entropy value is low when
the system is highly ordered and, hence, predictable. The value is high when the
system is disordered and, hence, hardly predictable (Boeing, 2018).

2.3.2.4 The relationship between the measures and wayfinding: brief results

O’Neill (1991a) described interconnection density as a way of measuring the
complexity of environments, based on the average number of directional choices at
each decision point. Moreover, he hypothesised that environments with more
alternatives or connections at decision points are more complex. In another study,
(O’Neill, 1991b) discovered that people took more time to find a destination and they
made a higher number of wrong turns when the environment had higher
interconnection density. Hence, his findings supported the previous study, which stated

that complexity affects wayfinding performance.

Studies about virtual environments also found similar results, as would be expected.
Slone et al. (2015), for instance, developed a study based on the work of O’Neill
(1991a, 1991b). They discovered that people’s abilities to find their way in an unfamiliar

environment is influenced by the complexity of the layout of that environment.

As discussed previously, it is believed that longer segments indicate a less complex
environment since the density of decision points will be lower (Richter, 2009). Lovelace
et al. (1999) asked participants to score the quality of route directions. Researchers

discovered that longer segments were more frequently mentioned than shorter ones.
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Moreover, in another study, researchers stated that people found it useful to have

longer segments with landmarks (Michon & Denis, 2001).

The number of dead ends and SNE have also been discussed in various studies.
Researchers discovered that when people reach a dead end, or look around corners
that lead them to a dead end, they make more errors (Jansen-Osmann &
Wiedenbauer, 2004; Wiedenbauer & Jansen-Osmann, 2006). In another study, findings
highlighted that the lower the SNE (in simpler layouts), the worse the spatial ability of
the people (Coutrot et al., 2020). This study shows the comparative results from
different countries and abilities of people from those countries.

Borst et al. (2009) discovered that not only the shortest route but also additional
characteristics of environments influence people’s behaviour. They discovered that the
existence of different features, for example, shops, parks, slopes or stairs, can shape
people’s behaviour. Similarly, Troffa (2010) also aimed to understand whether people
choose the shortest routes or highly visible routes or routes with the fewest angular
changes. Results of this study showed that people tend to choose the longest route
characterised by the highest visibility and by the smallest angular incidence. In
addition, other studies also confirmed that minimal angular changes may attract more
pedestrians than the shortest routes (Shatu et al., 2019; Turner, 2009). Thus, it is
important to add all the different factors that may shape people’s wayfinding choices
and try to understand which are more effective. This idea leads us to the next section
of the thesis, namely Space syntax.

2.3.2.5 Space syntax

In order to understand the impact of the built environment on wayfinding, to measure it
gquantitatively and understand the relationship between societies and the space (Hillier
& Hanson, 1984) better, a set of techniques, namely “Space syntax”, is used. Space
syntax was developed in the early 1970s at University College London by a group of
researchers led by Bill Hillier. As they discussed in The Social Logic of Space,
“Different types of social formation, it would appear, require a characteristic spatial
order, just as different types of spatial order require a particular social formation to
sustain them” (Hillier & Hanson, 1984 Page 27). Hence, a social group can create an
environment based on their needs and habits, while spatial structure also influences

people’s actions and behaviours.

Hillier and Hanson (1984) discovered that cities have some problems based on the
diversity of movement. In order to better understand the problems and the possible
solutions, they suggested a new way of understanding spaces: not the buildings, but

the space between buildings should be analysed to understand the relations as these
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are the places where public activity takes place and most movement occurs (Hillier,
Hanson, et al., 1987). However, another gap arose here: how could the spaces
between buildings be analysed? Which methodology could be used? In Space syntax,
there are two ways of analysing spaces: using lines (which can include convex spaces-
see second following sub section for the definition-) or points (grids). In these two
different ways, all open spaces — or spaces where people can interact — are
represented with lines or points and then the relationships between these
representations are analysed. The details of the method are explained in the following
subsection, but first it is useful to discuss the relationship between cognition and Space

syntax.

Previous studies explained that spatial configuration has an impact on spatial cognition
(Tzamir, 1975; Lynch, 1960, 1981; cited in Long et al., 2007). Space syntax, however,
provides an opportunity to quantitatively measure spatial configuration so that it can be
related to spatial cognition. Montello (2007) analysed characteristics of environments
that might affect psychology by considering the degree of differentiation and visual
access that environments provide, and the complexity of layouts. These three criteria
related to environment are important in order to understand people’s behaviour and
changes in that behaviour. Hence, Montello stated that Space syntax helps to
guantitatively characterise the layout of places. Other studies indicated the need to use
spatial configuration in spatial cognition, and use both objective and subjective
analyses (Kim & Penn, 2004; Kim, 2001). The lack of analytical methods for describing
configurational characteristics and cognitive dimensions was underlined in studies and
a new approach was needed. Hence, again, Space syntax was thought of as an

alternative in this sense.

In the following subsections, the terms used in Space syntax and their role in

explaining behaviour and cognition are discussed.
Line-based analysis

Line-based analyses include both axial and segment-based analyses. These maps are

drawn based on different principles, which are explained in the following subsections.
Axial and convex maps

Axial lines are drawn based on convex spaces. Since humans make decisions or
explore environments based on the things they see, convex spaces are produced from
visible/accessible spaces. In a convex space, therefore, we can observe an area from
any point we are located. While producing a convex map, it is essential to draw the
least number of largest spaces and to cover the environment totally (Hillier & Hanson,

1984). For instance, if we have a rectangular room with no columns or other details that
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would affect visibility, then this room can be represented with one convex space. Once
all navigable spaces are defined with the least number of largest convex spaces, the
convex map is completed. The differences in convex spaces in different urban spaces
can show us the differences of systems and relationships. However, it is also possible
to read the differences with axial lines, which are produced using similar criteria. Again,
axial lines are drawn based on visibility. For axial lines, it is important to define all
spaces with the smallest number of straight lines and with the longest set of lines
(Hillier & Hanson, 1984). Whether using an axial line or a convex space, it is important
to define the longest line or the largest convex space first. Next, the second longest line
is drawn, and that is followed by the others. As with convex spaces, with axial lines it is
important to understand the visibility within spaces. If we have a straight boulevard, for
instance, with no buildings blocking our road, so our visibility, then this boulevard can
be represented with only one line. If there are other roads that are connected to this
boulevard and that are not completely visible from the boulevard, they are shown with

additional axial lines.

Even though axial lines have been used in different studies, they have been criticised
by some researchers. Ratti (2004) described several problems with Space syntax and
the use of axial lines. He stated that axial maps discard components such as metric
information, building height, land use or edge effect. The defined problems have been
discussed in various papers: studies have been made on metric analysis (Hillier & lida,
2005; Peponis et al., 2008, 2007), and different conditions, such as land use (Matthews
& Turnbull, 2007; Ozbil et al., 2015), and alternative solutions have been developed for
topographical problems (Asami et al.,, 2003) and for the edge effect (Turner et al.,
2001). Maybe one of the most significant issues with axial maps relates to the length of
axial lines and the spaces axial lines represent. For example, a long street can be
represented by just one line even if the characteristics of the street change. A street
with commercial buildings can consist of residential buildings after a certain point, for
instance. Hence, people may not use each part of the street with the same frequency
as the character of the street changes, or the street may have different cognitive effects
(e.g. cultural/historical meanings). Hence, one axial line may not always be sufficient to
represent the environment, and so an alternative to axial lines is needed. Hillier and

lida (2005) provided an alternative for axial maps, called “segment-based maps”.
Segment analysis

As axial maps are not effective for detecting semi-continuous lines in a system,
segment maps are suggested for detecting angular relations and semi-continuous lines
(Hillier & lida, 2005; Al-Sayed et al., 2014). In segment maps, the space between two

junctions is represented by a line. Hence, rather than using one long line to represent a
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boulevard, for instance, where the whole boulevard is visible from each corner to all
others, different lines are used between intersections. This is why segment lines are
defined as axial lines that are broken into pieces (Al-Sayed et al., 2014). Segment
maps can be obtained in different ways. Road-centre lines, which can be collected from
the municipalities, can be used as segment maps, or axial lines in an axial map can be

broken into pieces to produce a segment map.

—higher
Axial lines Segment lines VGA grids —lvalues

Figure 3: Three different methods (two line-based and one grid-based) to analyse navigable spaces
(image shows level 46 of SHQ)

If a space is represented by lines, and the lines show the spaces that people can see
or can move within, then which criteria influence people to move from one line to
another? Which criteria can help us better to understand people’s choices? In order to
better explain the relationship between lines or spaces (Figure 3), a set of measures

that are used in Space syntax are identified as follows.
Connectivity

The first measure, connectivity, measures the number of immediate lines that a line is
directly connected to (Al-Sayed et al., 2014; Hillier & Hanson, 1984). Hence, this
measure is about the lines that are connected to a line, and that are visible from that

line no matter where we stand (Hillier, 1996b).

It is expected that the more a line is connected to others, the more it will be preferred

by people as the number of alternative paths increases.
Integration

Integration shows the accessibility of a system. Imagine that we focus on one line and

we would like to see how far we can reach or how much of the whole system we can

cover (Hillier & Hanson, 1984), for instance, by making three direction changes. Each

line, or each angular change (depending on the map we use), means a “change” and

this calculation is done for all lines, so for whole system. The number of changes is
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called the “radius” and shown as r. The radius can be “local’ values (such as 2, 3, 5
turns, for example) or it can be “global” (n) so that the relationship between each
segment and all others are analysed with no limitations. If one can reach more spaces
in one system compared to another, then this system is the more integrated or more
accessible one.

This measure is essential as it helps us to understand movement in a different
perspective. If a line or a region in a system is more accessible, then it will attract
movement as well as other functions (Hillier, 1996a). People are consciously or
unconsciously attracted to more integrated lines, so movement increases in these
spaces. As movement increases in these spaces, commercial use tends to be located
along these integrated lines. Hence integration is indicative of how many people are
likely to use a space (Al-Sayed et al., 2014). However, in a neighbourhood or in a city,
it is necessary to have both integrated and segregated spaces, as people in residential

areas may prefer less movement and a lower number of commercial buildings.

Integration is defined as:
C(P) =, di)™?

Equation 2. Integration formula

Here, C. is closeness centrality (integration), i is the origin, and k is the destination
(Law et al., 2012) as this formula measures the sum of the shortest paths between

every origin and every destination.
Choice

Choice measures the movement flows (Al-Sayed et al., 2014). The more potential that
lines or spaces have to be chosen as shortest routes, the higher choice values they
have (Al-Sayed et al., 2014; Hillier & Hanson, 1984). According to Hillier and Stonor
(2010 Page 7): “In the main forms of syntactic analysis we use for cities, the spatial
element is the street segment between junctions, and the key measures are of two
kinds of movement potential: to-movement potential, or how easy is it to get to a
segment from all others (measured by mathematical ‘closeness’ normalised as
syntactic integration); and through-movement potential, or how likely are you to pass
through as space on routes between all other pairs of segments (measured by
mathematical betweenness and called choice in Space syntax).” Choice is an important
measure to estimate pedestrian movement potential. However, choice can be a more
effective measure of the performance of people who are familiar with the environment

than those who are not (Hillier, Burdett, et al.,, 1987), as people’s ability to find the
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shortest route in an environment is related to their familiarity with it. Angular choice can

be measured using the following formula:

=1 Z;'l=1 o (i,x,])

(n—1(n-2)

Equation 3. Choice formula

Bg(x) =

In this formula i # x # j, where a(i,x,j) = 1 if the shortest route from i (start point) to
j (end) passes through x, and o(i,x,j) = 0 otherwise (Turner, 2007). In order to
compare environments of different sizes, however, normalised angular choice (NACH)

can also be used (Hillier et al., 2012) using this formula:

NACH = log(value("T1024 Choice") + 1)/log(value("T1024 Total Depth") + 3)
Equation 4. Normalised choice formula

Hence, normalised choice is measured by counting the number of times each street

segment falls on the shortest path between all pairs of segments.
Intelligibility

It has previously been stated that complexity is an important measure to test
environments. Passini (1984b) argued that complexity is desirable as long as the
design of the setting allows efficient information processing. However, if an
environment has high complexity then it will be hard for people to find their way, to
produce cognitive maps and so to complete wayfinding tasks. Therefore, a measure to

control complexity is needed.

Intelligibility, as defined by Hillier (1996a Page 171), is “the degree to which what can
be seen and experienced locally in the system allows the large-scale system to be
learnt without conscious effort.” Hence, this measure is useful in order to understand
an urban environment. If an environment is intelligible, then it is not too complex for
people to complete a wayfinding task. If, however, the environment is not intelligible
then this means that the complexity is high. Therefore, this measure allows researchers

to control the complexity of the environment.

Intelligibility can also be defined as the correlation between connectivity and global
integration. Hence, if well-connected lines are also well-integrated, then the correlation
in an environment is high and the system can be described as intelligible (Hillier,
Burdett, et al., 1987). If the regression line for the correlation between connectivity and
integration is at an angle of 45°, then spaces that are more connected are also more
integrated, which is the optimal scenario, and the system is perfectly intelligible. As the

line gets further away from 45° then the intelligibility decreases, which means that the
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connections and the integration do not change in the same way. This kind of an

environment can cause people to lose orientation and get lost frequently.
Metric reach

Peponis et al. (2008) stated that the density of streets affects the potential of different
types of movement. As the street network density increases, the number of
destinations that can be reached also increases and more opportunities arise to
discover new places. Hence, it is argued that street density is an important component
for understanding movement. In order to measure this potential, researchers aim to
understand the total street length that can be covered by using a certain distance
threshold. For cities, 1 kilometre (Peponis et al., 2008) can be used as that is thought
to be the approximate distance someone can reach in 10 minutes; depending on the
sample group and the scale of the environment, the distance can vary (e.g. 400, 800 or
1600 metres).

Metric reach can be shown using this algorithm:

Metric reach = R, (P, 1)

Equation 5. Metric reach algorithm

Here, s is aggregate length and metric reach “of a point P, according to a metric
threshold u as the length of the road segments and fractions of road segments covered

by the union of all paths for which s < p” (Peponis et al., 2008 Page 883).
Directional reach

Peponis et al. discussed the impacts of direction changes on configurational complexity
as well as environmental psychology and wayfinding tasks (Moeser, 1988; O'Neill,
19914, cited in Peponis et al., 2008). They stated that the number of turns causes an
increase in the cognitive load in memory, and so people tend to use paths with fewer

turns (Bailenson et al., 2000, cited in Peponis et al., 2008).

Since direction changes affect people’s behaviour, it is necessary to make
measurements. Directional distance is defined as the number of direction changes
necessary to reach a destination from a specific point (Peponis et al., 2007, 2008). In
order to calculate directional reach, road segments are used, and midpoints of road
segments are defined. Then the total segment length that is accessed within a defined
number of direction changes is measured. Different numbers of direction changes can
be used for the analysis. Usually, 10° and 20° and 0, 1 and 2 changes are preferred to

understand how far one can go by using minimum angular changes or by using a

41



minimum number of turns. This can be done for all segments or, more commonly, it

can be stopped when a specified number of turns is completed.
Directional reach can be explained as follows:
Directional reach = R (R, §, o, 1)
Equation 6. Directional reach algorithm

Hence, “directional reach R, (P, §, o, r) of a point P;, according to a directional threshold
6 as the aggregate length of the road segments and fractions of road segments that
are no more than two direction changes away, subject to a direction change threshold
angle a and a very small line segment threshold set to a fraction r of the average road
segment length. When § is set to 0, R, (P;, 0, a, r) expresses the length of the directional
element which comprises P, . When § is set to 2, R, (P, 2, a, r) expresses the total length
of streets that are up to 2 direction changes away from a given point.” (Peponis et al.,
2008 Page 893).

Visibility-based analysis

Visibility-based analyses are also important measures that can be used, as they
provide mathematical descriptions of experiences. These analyses can also be used to
understand how people can move or how they interact within spaces. Because of the
practical and cognitive limitations that axial-based analysis may have, visibility-based
analysis may be preferred. Jiang and Claramunt (2002) suggested that while
wayfinding in an urban environment, when people reach a specific point where they
need to decide whether they will turn left, right or walk straight on, directly visible

points, which can be represented by grids/cells, are essential for decision making.

In order to produce a similar representation to that of Hillier and Hanson (1984), Turner
et al. (2001) constructed a graph connecting all visible points in a grid system. Visibility
analysis has been performed by different researchers in different studies (Batty, 2001,
Benedikt, 1979; Turner et al., 2001). An important explanation was proposed by
Conroy (2001), as she discovered that people tend to slow down at intersections while
they are moving within an environment. Hence, questions arose from this experiment:
how do we decide which way to go? How does visibility affect movement, and how can
we measure it? An isovist, or viewshed, is defined as the area in an environment that is
directly visible from one location (Turner et al., 2001). A visibility graph consists of
linked locations that can be seen from a specific point or points (O’Sullivan & Turner,
2001). Hence, as with line graphs, in visibility graph analysis the relationship between
points is analysed and if this relationship is direct (if from one point, another point is

visible or accessible), then this relationship is shown in graphs.
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Visual connectivity

One of the first results that we are able to see from visibility graph analysis is visual
connectivity. Visual connectivity refers to the points (or grids) that a surface is directly
related to (Peponis et al., 1998). An increase in visibility may help people to find their
way more easily as it may be a reason for people to be slower if a decision has to be
made (Conroy, 2001). In a visually highly connected environment, people can view the
alternative paths (or the environment itself) well and decide where to go.

Visual integration

Visual integration can be defined as the number of grids that must be considered to link
grids to all others (Peponis et al., 1998). Hence, if we imagine that all navigable spaces
are represented by grids, the integration analysis of these grids will lead us to visual
integration, which also shows how many visual fields we should to pass to see the
whole layout (Hillier & Tzortzi, 2006). Visual integration shows the potential core area in

a system where one can see much of the spatial layout (Al-Sayed et al., 2014).
Isovist analysis

An isovist generates all locations visible from one point (Turner et al., 2001). As an
isovist or viewshed measures the visible spaces, it is helpful to understand the
possibilities of a potential movement. An isovist analysis can be conducted for the
whole visible surroundings from a specific point (360°), it can also be conducted for
specific values such as 90° or 180° to make predictions based on the observer’s field of

view.

2.3.2.6 The relationship between Space syntax measures and wayfinding: brief

results

One of the first attempts to understand the relationship between Space syntax and
human behaviour was made by Hillier et al. (1987). They aimed to see if it is possible
to understand the occupation density of spaces with Space syntax measures. They
observed selected points in different areas to see the number of people using the
spaces. Results of correlation analysis showed a significant relationship between the
number of people and the accessibility measure, integration. Peponis et al. (1990) used
axial integration and asked 15 subjects to explore an environment. They also
discovered that people’s movement correlated with integration. Similarly, Emo et al.
(2012), discovered that both local integration and global choice offered a strong
correlation with people’s route choices. Haq and Zimring (2003) asked 128 people to
perform wayfinding tasks in three hospitals and get to know the environment. They
observed that participants first used local clues, such as decision points that they could

see from a given point, and as the familiarity increased, they used global clues, such as
43



integration. Researchers argued that less intelligible settings are harder for people to
understand. In the same period, Hag and Girotto (2003) conducted experiments in two
hospital buildings in which they asked volunteers to explore these unfamiliar buildings.
One of the most significant findings of this study is that researchers discovered that
intelligibility settings are predictive for wayfinding. In another study, Kubat et al. (2012)
analysed the historical peninsula of Istanbul and asked people who were unfamiliar
with the area to find their way. Researchers discovered that visual connectivity as well
as street connectivity (both metric and directional reach) were positively associated
with the frequency of routes being selected during wayfinding. Many other studies also
discussed the effectiveness of the measures: integration (Hillier et al., 1993; Kim and
Penn, 2004; Ozbil et al., 2015), choice (Ozbil et al., 2015), intelligibility (Kim, 1999),
metric reach (Ozbil et al., 2016, 2015), directional reach (Ozbil et al., 2016) and
visibility graph analysis (Hoélscher et al., 2012).

The number of studies about virtual environments is limited compared to the studies in
real environments. However, it can be asserted that studies in virtual environments
found similar results. Haq et al. (2005), for example, discovered that integration (local,
r:3) was helpful for predicting the distribution of people in both real and virtual
environments. Another study showed that intelligibility helps us to understand
movement paths in virtual environments (Conroy, 2001). Studies about virtual
environments also stated that people choose the straightest routes in unfamiliar
environments (Conroy Dalton, 2003). This is a significant finding as it supports Hillier
and Hanson’s idea (Hillier & Hanson, 1984), where they underlined the significance of
the line of sight: the longest lines that can be drawn based on the visibility. This can

also be explained with complexity, as more turns can create confusion.
2.3.3 Visual summary diagrams for wayfinding studies and conclusion

This chapter of the thesis is about the wayfinding process and various factors that may
affect it. Visual summary diagrams are used to compare the existing literature easily
and to better understand the methods that have been used. With the help of the
diagrams, it is possible to illustrate the content of a paper, and visualise the categories
that were used and discarded. Moreover, it is also possible to compare different studies
easily using this method (Simpson et al., 2017). To summarise the studies visually,
papers in the literature were chosen based on their relevance to this study as well as

the originality of the results.

As this thesis is concerned with landmarks and wayfinding, the main categories were
defined as people (the observer), environment (the area that the observer experiences)
and landmarks (the bridge between the observer and the place — the cue). Figure 4

provides a visual representation of the themes covered in the literature on the role of
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landmarks in wayfinding. By using the image and colours, methods used in the papers
can be visually compared. The literature review associated with landmarks is discussed
in full in the next chapter and the images are prepared so that the visual summary
diagrams for each chapter are easily comparable. Therefore, the following description
of the diagram is applicable for its use in both Chapter 2 and Chapter 3.

Figure 4: Visual summary diagram for wayfinding and landmark studies in the literature. The graph is an
interpretation of Simpson et al.’s (2017) graph.

The landmarks section of the graph was further divided into three categories: location,
visibility and saliency of landmarks. Based on the literature examined in the next
chapter, the location of landmarks was grouped into four categories: landmarks at
decision points with a turn dp and without a turn dp (-) and landmarks that are on route
and off route. Thus, for example, if a paper mentioned on-route landmarks with a turn,
both decision point dp and on-route options were coloured in. If, however, no turns
were mentioned and only the concept of landmarks at decision points was used, then
the dp (-) option was highlighted in the diagram. The visibility of landmarks was
categorised as global and local, similar to the categorisation in the literature. Finally,
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the saliency of landmarks was further split into three categories: visual, cognitive and

structural.

The environment was divided into two categories: mode of reality and layout. Real and
virtual environments were compared under the heading reality whereas artificial,
existing, and/or multiple layouts were considered under layout heading. For papers that
did not use any layouts and worked with basic graphics, both real and virtual
environment were coloured as the results of these studies can be used for both groups.
Existing layout was used for the layouts that are based on real layouts while artificial
was used for imaginary/hypothetical layouts. If a paper used multiple layouts, this fell

into the multiple category.

Finally, considering the observer, the people segment was divided into three
categories: agent (simulated or avatar/real), behaviour (recollection, preference,
performance data and other observations), and data (experimental or other). The
avatar/real and simulated options were coloured in depending on whether the observer
was human or not. If a study included experiments with people, then the experimental
segment was coloured in; otherwise, the ‘other’ option was used. If participants were
asked to remember the experiment they participated in and then draw or note the
objects they recalled, post hoc, then the recollection segment was used. Preference
was used for any experimental conditions in which the subjects chose one or more
alternatives from others. Performance was used to visualise any study in which
participants performed a task (e.g. they needed to way-find) and that was recorded by
the researchers. The ‘other’ option was used for any other experimental condition (e.qg.
guestionnaires about experiences, ranking of landmarks, etc.). Therefore, this

visualisation aimed to cover all existing definitions and methodologies in the literature.

Hence, to better understand the literature on wayfinding and make comparisons easily,
visual summary diagrams are shown in Figure 5. Twelve papers were selected based
on their relevance to this study as well as the originality of the findings. This was
considered to be a sufficient number to cover all segments of the diagram with the
examples. It was also thought that this number would provide a sufficient range of
examples for the reader while not being so many that the reader might became
overwhelmed with information. The diagram visualises and compares papers in three
categories: in column a, papers about wayfinding and behaviour; in column b, papers
about complexity analyses and wayfinding; in column c, papers about Space syntax

and wayfinding.
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Montello
(2005)

Richter (2009)

Golledge Raubal& Egenhofer

(1998)

Arthur& Passini

Figure 5: Visual summary diagrams for the literature on wayfinding. Diagrams were prepared to review: a.
behaviour and wayfinding relationship, b. complexity analyses and wayfinding relationship and c. Space
syntax measures and wayfinding relationship.

One of the most significant points that Figure 5 shows is that in studies related to

Space syntax and wayfinding (column c), the use of landmarks is quite limited. As the
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significance of using different tools and components together was mentioned before,
this can be accepted as one of the limitations in the literature. In contrast, it can be also
seen from the figure that studies about behaviour focused on the impact of the
landmarks and they even discussed the impact of different types of landmarks on
wayfinding. Hence, it can be claimed that landmarks are important to explain people’s
behaviour and if the environment is analysed in order to better understand changes in
behaviour, landmarks should also be considered in studies. Similarly, studies focused
on the complexity analysis also mentioned landmarks; however, different types of
landmarks and their impact on performance were not analysed in detail. Hence, this

can also be seen as another gap in the literature.
2.4 Summary of the chapter

This chapter is essential to understand the wayfinding literature. First, the definition of
wayfinding and wayfinding in different conditions are discussed (familiar or unfamiliar
environments, virtual or real environments etc.). Then the environmental factors that
might affect people’s wayfinding performance are listed. The results of the studies
show that different measures should be combined and used in wayfinding studies
together to Dbetter explore the reasons underlying human wayfinding choices.
Complexity and Space syntax measures are introduced here, as many studies focused
on these components showing that there is a consensus in the literature about the
factors that affect people’s wayfinding performance. However, different measures have
been shown to have different levels of significance in different studies. Hence, it is not
possible to find a consensus in the literature about which components are most
important. This situation suggests that more research is needed in this field. The
effects of different conditions associated with both weather and maps have been
observed in a limited number of studies. Hence, research can also consider these
different conditions to better understand their impact and to expand the literature on

these factors.

In the introduction, it was stated that the one of the questions raised in this study is:
“Which environmental factors or conditions make wayfinding easier?”. The review
on wayfinding shows that wayfinding can be analysed by using complexity measures
as well as Space syntax measures to understand the impact of layouts on people’s
performance. Moreover, different weather and map conditions can also be used to
enrich the methodology and the results of the studies. Therefore, these different factors

are used in this study to answer the first research question.

Environmental factors that affect wayfinding abilities of people are discussed in this

section. The next chapter focuses on another key factor: landmarks.
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3 LANDMARKS IN WAYFINDING

3.1 Introduction

In the previous chapter, the components of the spatial layout and other conditions are
explained. In this chapter, the literature on one of the significant components of the
environment, landmarks, is explored. To do this, landmarks are grouped into three
categories and the methods and findings of the relevant studies are explained and
compared. Visual summary diagrams are used again in order to create easily readable
and comparable data and the findings of previous papers are interpreted.

According to Arthur and Passini (1992) people should be able to remember the objects
or the key points that affect their wayfinding process. If people are able to remember
the objects they see during wayfinding, then they can find their way easily and orient
themselves in the environment. However, which objects do people tend to remember?
It is stated that a part of our brain called the retrosplenial cortex discriminates between
permanent objects and transitory ones (Bond, 2020), so that rather than remembering
objects that might disappear soon, like rainbows or vehicles, we tend to remember
fixed objects, such as buildings and trees. This idea gives us insights, but still it is not
clear how we select objects in an environment where we are surrounded by fixed
objects. Based on the literature, it can be claimed that four characteristics of objects

can be remembered:

1. Form: do they have a particular shape, size or another distinctive physical
characteristic?

2. Visibility and accessibility: can we move around them, or can we see them
clearly?
Use: what function do they have? Is the function also distinctive?

Symbolic importance: do they have a cultural or historical meaning for citizens?

These criteria point to an important component of cities, namely landmarks. Landmarks
are one of the five elements of the built environment as identified by Lynch (1960).
They are easily identifiable, and more likely to be selected as a significant point of
reference. Lynch did not discuss only the objects themselves, but also their relationship
to their surroundings. Hence, according to the author, landmarks should have a
contrast with their background or have a clear shape or another specific characteristic
that makes them prominent. Moreover, he proposed the idea that an object can be

recalled as a landmark by itself and as a part of a group. Hence, for example, a group
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of trees or high-rise buildings in an environment can be used as a reference point by
people. On the other hand, the environment may change over time, and this may affect
the selection of landmarks. Richter and Winter (2014), for instance, indicated that the
first skyscraper in Chicago was a landmark; however, many other skyscrapers were
built over time, changing what people refer to as a landmark. This is a critical point for
landmarks: a unique group of objects can be used as a landmark; however, if these
objects are distributed throughout an environment, they can no longer be used as
landmarks, since they are no longer unique. This is why the unique or prominent

characteristic of a landmark is important.

The early definition given by Lynch (1960) is still one of the most significant definitions
in the literature as it provides guidance about the characteristics of landmarks.
Additional characteristics have also been discussed in the literature. Richter and Winter
(2014) argued that landmarks serve as anchor points and points of reference. The
significance of the location of landmarks (Lovelace et al., 1999; Siegel & White, 1975;
Sorrows & Hirtle, 1999), their visual characteristics (Raubal & Winter, 2002; Golledge,
1999; Couclelis et al., 1987) and their relationships with their environments as
prominent objects (Caduff & Timpf, 2008), were discussed previously. It was also
stated that the cultural, political or social impact of landmarks on people might make
them more noticeable (Caduff & Timpf, 2008; Couclelis et al., 1987; Sorrows & Hirtle,
1999). Coucleis et al. (1987), for example, identified landmarks as having distinctive or
outstanding features or being objects with symbolic meanings. Thus, these
characteristics help landmarks be noticed and remembered (Presson & Montello, 1988;
Sadalla & Magel, 1980). Although the phrase “landmarks which have contrast with their
background” was used as one of the key terms in the literature, one group of
researchers could not find any evidence for this assumption in a study organised in a
virtual environment laboratory (Réser et al.,, 2011). Actually, this study found a low
contrast situation to result in better wayfinding performance. However, many other
studies agreed that landmarks should contrast with their background to become
noticeable. The brevity of a landmark description (the number of words used) has also
been discussed (Burnett et al., 2001). It was argued that a good landmark does not
require a long explanation; instead, it should be as concise as possible (Nuhn & Timpf,
2018). For instance, rather than saying “turn right after the stone building with a
wooden door and high windows”, one could say “turn right after the church”. This would
be a shorter definition consisting of a specific function so that it would be easier to
remember. The definition of landmarks usually points to the interaction between people
and spaces, as landmarks are chosen as a result of this interaction. Another example
for this relationship can be seen in Richter and Winter's definition where the authors

defined landmarks as “geographic objects that structure human mental representations
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of space” (2007 Page 205). In this definition, it is stated that a space can be
represented by an object in people’s mind. When we think about Paris, for instance, we
may initially think of the Eiffel Tower. This landmark becomes one of the most
significant representations of the city because of its unique height and shape. Hence
the environment also has an effect on people’s landmark selection. These researchers
concluded their work by indicating that landmarks are also related to people’s
experiences. People’s interests, backgrounds and thoughts have an effect on their
landmark selection. Therefore, landmarks are not independent from the environment or

people.

This part of the literature review discusses the second research question: “How do we
select landmarks in unfamiliar environments?” It was claimed previously that any
item can act as a “landmark” (Ishikawa & Nakamura, 2012; Quesnot & Roche, 2015a).
In this case, how can we know what makes a landmark preferable during a wayfinding
study? Is it due to the previously mentioned characteristics (e.g. the uniqueness,
prominence of landmarks, etc.) and if so, can we measure this? The characteristics of
landmarks that make them more significant than others in different environments are
examined here. The objectives of this chapter are to understand the methodology and
main findings of the literature on wayfinding and landmarks (Arthur & Passini, 1992),

and to identify the consensuses and the gaps in the literature.
3.2 Landmarks as route aids

Landmarks can be used for different purposes including finding one’s way to a certain
location (Klippel & Winter, 2005), orienting oneself in order to understand whether the
selected path is correct (Michon & Denis, 2001; Philbeck & O’Leary, 2005), or
identifying specific locations (Downs & Stea, 2011). Therefore, they help people
organise their spatial knowledge and locate themselves with respect to a specific
destination (Couclelis et al., 1987). Most commonly, landmarks provide information for
people to better understand when they should change their orientation along a route
(Michon & Denis, 2001). Hence, they affect decision making (Golledge, 1999) and
route learning (Tlauka & Wilson, 1994; Waller & Lippa, 2007). Thus, they can be used
for various purposes at different stages of wayfinding. The literature on the effect of
landmarks on wayfinding can be divided into three elements: the effect of the location
of landmarks, the effect of the visibility of landmarks, and the effect of the saliency of
landmarks. Actually, the location of landmarks can be thought of as part of its saliency
as it is related to the structural characteristics of landmarks. The visibility of landmarks
is also closely related to the saliency of landmarks. However, since these
characteristics are mentioned separately in various studies, they are also discussed

separately here. Nevertheless, the reader can also follow the relationship between
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these concepts. Based on the categories and the brief definitions already provided, the
landmark definition of this thesis is: “any salient object that is personal, communicable
and visible either from a distance or close up in an environment such that it can be
used in the wayfinding process for various navigational tasks (e.g. route definition,

orientation etc.).”

In the next sections, papers on the location, visibility and saliency of landmarks are
discussed. The purposes, methodologies — selection of environments, selection of
participants and landmarks — and results of the papers are examined. Similar to the
previous chapter, articles used in this chapter were collected from Google Scholar
using the search term “landmark”. The majority of the search was conducted between
February 2019 and September 2019. The review includes any possible step during
wayfinding, such as route description, orientation or actual wayfinding. It mostly
focuses on studies in large-scale urban environments and outdoors rather than indoor
navigation or rural environments. Studies comparing different features of landmarks as
well as studies on route knowledge are the main focus of this review. In addition, visual
cues are investigated here rather than olfactory or acoustic cues. On the other hand,
papers on specific topics (e.g., diseases, animal related research, research on specific
age groups, people in different mood), studies only on autonomously navigating robot

systems and self-movement cues are excluded in this review.
3.3 Effect of location of landmarks

The location of landmarks may be the only area on which there is a consensus. Chan
et al. (2012) focused on the function of landmarks to understand how they help people
in the wayfinding process. They presented a four-part taxonomy: beacons, orientation
cues, associative cues and reference frames. Accordingly, the beacon landmark type
includes single objects that point to the exact location of a goal location; orientation
cues are visual cues that provide a heading direction; associative cues are single
objects that give relevant information; and reference frames provide a framework for
spatial encoding. By using the location of a landmark, one can understand several
aspects of a wayfinding task. Moreover, if the cues are effective (e.g. if they can be

easily seen, etc.), then it is hypothesised that it would be easier to complete the task.

A number of studies have emphasised that landmarks located at decision points are
better remembered (Aginsky et al., 1997; Janzen, 2006) and more effective in
wayfinding tasks (Lynch, 1960). Janzen (2006) organised three experiments using
recognition tasks in a VE with landmarks located at decision points and non-decision
points. Results indicated that objects at decision points were recognised more quickly.
Miller and Carlson (2011) also devised two experiments in which 96 subjects learned a

route through a virtual museum. They discovered that objects at decision points both
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with a turn and without a turn were recognised. It is also stated that the main role of
landmarks at decision points is to confirm one’s orientation or heading (Schwering et
al., 2013), so that it can be understood if a change in trajectory is needed to find the
goal (Michon & Denis, 2001). This shows the significance of landmarks at decision
points.

Not only landmarks at decision points but also on-route landmarks have been
discussed in different studies. Klippel and Winter (2005) created a taxonomy of
landmarks based on several criteria. Accordingly, landmarks can be located at some
distance from the route or somewhere along the route. If they are along the route, they
can be located between decision points or at decision points. They also gave two
options for landmarks at decision points: either with a direction change or with no
direction change. Moreover, for landmarks at decision points with direction changes,
they identified three different categories: landmarks passed before reorientation,
landmarks passed after reorientation (landmarks that can be observed immediately
after a turn) and landmarks not passed (reorientation without passing the landmark).
The different locations of objects were then used for calculating an overall value for
landmarks. Landmarks on routes and at decision points got higher scores. Lovelace et
al. (1999) used landmarks according to whether they were at decision points as well as
other criteria. They aimed to explore the effect of different locations on people’s
wayfinding performance in familiar and unfamiliar environments. They used four
landmark categories: choice point landmarks (landmarks on the route and at a turn),
potential choice point landmarks (landmarks on the route, but not at a turn), on-route
landmarks (landmarks on the route but not at a decision point), and off-route landmarks
in a campus area. People were asked to give route directions, retrace their route and
remember whether or not they had seen a particular scene, which they were shown
after the event, while travelling. Researchers discovered that landmarks on the route
but not specifically at decision points were used for familiar and unfamiliar route
descriptions. In addition, they observed that choice point landmarks were used
effectively in unfamiliar route descriptions. The result on the effect of landmarks on
route learning is in agreement with the findings of the previous research (Tlauka &
Wilson, 1994). These studies indicated that landmarks are effective not only at decision

points but also along routes.

In addition to the studies about landmarks at decision points and landmarks on routes,
various studies have explored dynamically placed landmarks to better understand
effective landmark placement. Darken and Sibert (1993) aimed to investigate the
design principles for navigational aids. They described “breadcrumbs” (or the Hansel

and Gretel Scenario), which is a manual landmarking technique where subjects mark
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their position with an object. They stated that landmarks can either be dropped at
regular intervals along a straight line between two positions to mark places, or they can
be dropped to be used as directional indicators. Researchers also discussed that if
dynamically placed landmarks are also directional, they would make it easier to way-
find. Cliburn et al. (2007) analysed four conditions in VEs: no landmarks; with statically
placed landmarks, in which objects were located at intersections; landmarks
dynamically placed at the subject's discretion and that disappear from one trial to
another; and landmarks dynamically placed and that remained from trial to trial. They
asked people to navigate in an environment multiple times. Researchers introduced
two hypotheses: (1) dynamically placed landmarks can be effective for first-time
searchers, and (2) dynamically placed landmarks, which remain between visits, can
also be beneficial. They discovered that subjects travelled further during their first trial
under all conditions; thus, they could not support their first hypothesis. However, they
observed that dynamically placed landmarks that remain between trials could have an
effect on wayfinding. Participants travelled longer distances when there were no
landmarks compared to the other three conditions. Hence, all three conditions with
landmarks helped people to complete the task in a shorter time compared to the no
landmark condition. It was also observed that different strategies were used to drop the
landmarks. Similarly, Von Stulpnagel et al. (2014) were interested in the impacts of
navigator-driven and individual landmark-placement on spatial learning. They created
three different conditions: no landmarks; individual landmarks, in which up to four
objects were placed; and preplaced landmarks, in which four landmarks were placed
so that at least one of them would be visible from any point. Researchers developed
three VEs with simple geometric shapes and asked the participants to explore the
environments and then draw a sketch map. As a second study, participants were asked
to explore a virtual model of the Tate Gallery (London) and to find three locations. This
time, researchers used non-directional and directional landmarks. They analysed both
the mean time taken and mean distance travelled to complete wayfinding tasks and
they observed that participants tended to place landmarks at the most central and
visible locations. On the other hand, they could not find any impact of individual
landmark placement on wayfinding performance. Hence, the impact of dynamically
placed landmarks can still be debated. However, it can be concluded that the visibility

of objects is the most important factor for dynamically placed landmarks.
3.4 Effect of the visibility of landmarks

Landmarks can be divided into two categories, global and local landmarks, depending
on their visibility during the wayfinding process. Distant objects such as towers that can

be observed from a great number of vantage points are accepted as global landmarks
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(Steck & Mallot, 2000). Lynch (1960) described global landmarks as elements seen
from many angles and distances. In contrast, local landmarks are only visible from
close up (Steck & Mallot, 2000), from a limited area or from certain approach directions
(Lynch, 1960). Local landmarks can be trees, or signs (Lynch, 1960) and they might be
more personal (Dalton & Bafna, 2003). A vast number of studies used these definitions
for global and local landmarks. Castelli et al. also made a similar definition: “global
landmarks, being potentially visible from any point within the navigational environment
and so from a great distance, become absolute points of reference, favouring
orientation strategies in survey terms” (2008, Page 1648). A similar definition was also
made by Lin et al. (2012). At this point, a question arises: is it necessary for a landmark
to be visible from any point in an environment? Is it not possible for a landmark to be
visible from many locations in an environment but not from all and yet still help people
to have global orientation? From another perspective, if we try to apply this “visible
from any point” idea to cities in which we live, how many global landmarks can we
define (i.e. those that are visible from everywhere)? If we accept that global landmarks
are objects that are visible from multiple points in an environment, then another
guestion arises: how can we actually identify a threshold between a global and a local
landmark? When does a landmark stop being local and become a global one?
Therefore, a clear definition of global landmarks and a threshold for distinguishing
global landmarks from local ones are needed, especially for large-scale environments

with many visual cues.

On the other hand, an interesting approach was defined by Bhatia et al. (2013). The
researchers used 3D isovists to define landmark visibility by analysing two well-known
architectural designs. In this study, 3D isovists were compared to differentiate
monotonous regions from more visually distinct ones. This was an important attempt at
showing that the isovist view can be used to explain the effectiveness of landmarks. By
using 3D isovists, landmark visibility on a route can be explored, in a similar way to the
approach used in the current study, and the differences in landmark visibility can show
the differences in their effectiveness on wayfinding. The authors used the term
“structurally more salient landmarks”, which can help us to define global or local
landmarks, since the visibility also refers to the visibility of landmarks during a
wayfinding task, which can provide location information to people. Hence, by defining
structural saliency, the visibility of landmarks, more specifically global and local

landmarks and the distinction between them, can also be analysed.
3.4.1 Findings of studies on the visibility of landmarks

Although there is a considerable body of research about the visibility of landmarks,

their results vary. Numerous studies have claimed that the role of local landmarks on
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wayfinding is more important. Ruddle et al. (2011) hypothesised that adding both types
of landmarks to an environment would reduce the number of navigational errors. They
designed four virtual marketplaces in a grid layout and asked people to navigate under
four different conditions: no landmarks, only local landmarks, only global landmarks,
and both local and global landmarks. All landmarks consisted of pictures and the
positions of landmarks were automatically generated by a computer program.
Researchers observed that local landmarks did reduce participants’ errors; however,
global landmarks did not influence the overall number of errors. Moreover, local and
global landmarks interfered with each other and participants who were provided with
both kinds of landmarks made more errors. In the second study within the same
publication, the performance of those who walked through the VE and those who
travelled by physically turning but moving forward with a joystick was compared. It was

discovered that participants who physically walked in the VE made fewer errors.

In another study, Evans et al. (1984), focused on the effect of stress, landmarks and
path configuration on environmental cognition. They used the terms “internal” and
“external” landmarks and created four different environmental conditions: internal
landmarks on non-grid pattern, external landmarks on non-grid pattern, no landmarks
on a grid pattern, and no landmarks on non-grid pattern. In their experiments, a realistic
model of a fictitious urban area was designed and the viewpoint of a moving
automobile passenger was simulated. After watching the video of the simulation, all
participants were asked to look at photos of the environment and indicate their degree
of confidence in recognising each image. The images included the different landmark
conditions. Internal landmarks were placed within the context of the setting while
external landmarks were placed not in the immediate field of vision but in the distant
line of sight. Consequently, researchers discovered no significant differences between
the two landmark conditions; however, they observed a trend for internal landmarks to
be more helpful in recognition than external ones. Researchers also highlighted that
landmarks improved route learning more in the presence of a non-grid layout,

suggesting that more research needed to be conducted in a variety of different layouts.

Meilinger et al. (2015), aiming to explain the interaction between proprioceptive and
global cues, also compared two different levels of global landmark information: global
landmarks providing heading-only information, and those providing both heading and
distance information. They designed a virtual labyrinth layout and 33 participants were
randomly assigned to one of three conditions: self-movement cues; self-movement and
orientation cues; and self-movement, orientation and distance cues. Results showed
that global landmarks did not have any dramatic impact on orientation. Researchers

concluded that further research can be carried out with a higher number of participants.
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They also highlighted that different results might be observed in a linear environment
as the participants may profit from global landmarks. Moreover, Meilinger et al. (2014)
aimed to explain how the locations within different spaces are represented in memory
through global reference frames, multiple local reference frames and orientation-free
representations. They conducted two experiments in which participants were asked to
walk through an immersive VE, a labyrinth, and point to seven learned targets. As seen
in previous research, this study showed that participants relied on local reference
frames rather than global reference frames. Other studies conducted in VEs also found
no advantages of using global landmarks (Credé et al., 2019).

In another experiment, participants navigated four VEs with different landmark
conditions: only global landmarks, only local landmarks, global and local landmarks,
and no landmarks (Gardony et al., 2011). The local landmarks were four different items
— a rock, bush, wagon and haystack — whereas the global landmarks were four distant
multi-storey buildings. Forty-eight undergraduate students were asked to find invisible
target points as quickly as possible. The results of this study also showed that local
cues were perceived to be key information when the environment included both global
and local landmarks. It may still be important to understand the reasons why people
make more errors in wayfinding tasks when they are provided with both types of
landmarks, since this result was unexpected. These studies also demonstrated the
effect of different layouts: it was argued that landmarks can be more effective when the

environment is linear and when the layout does not have a grid format.

Another group of researchers has suggested that global landmarks are more effective
during wayfinding tasks. Li et al. (2016) suggested that the existence of global
landmarks might help people orient themselves between locations. They conducted
three experiments. In the first experiment, four two-storey virtual buildings with the
same layout complexity were used. Researchers defined two types of global
landmarks: an indoor global landmark, a statue in an atrium, which was visible from
multiple locations; and an outdoor global landmark, a church, visible from the building’s
windows. Sixteen university students participated and completed various tasks:
“‘wayfinding” (finding a target point using the shortest route); “pointing” (turning to face a
target point); and “drilling” (on arrival, stating which object/room was directly
above/below them). The findings showed that increasing visual access to indoor and
outdoor global landmarks significantly promoted users’ cognitive map development. In
another study, Li et al. (2014) presented a mobile map on a mobile device’s display
that visualised distant landmarks at the edge of the mobile screen to support spatial
orientation. They selected 13 landmarks in Minster, Germany, to represent in the

mobile device and two versions of the maps (with and without distant landmarks) were
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used. Researchers surveyed residents on landmark-usage and the most frequently
mentioned local and global landmarks were detected. Twenty-four students who were
unfamiliar with the study area were recruited for the study. They visited various
locations and used mobile devices to help their spatial orientation. They were asked to
estimate their direction and distance from the start point three times during the
experiment. After completing the task, they were asked to perform a landmark recall
task. This research showed positive impacts of global landmarks on people’s
orientation. Lin et al. (2012) assessed gender differences in wayfinding in virtual
environments. Local landmarks were visible from only one side of the walls of a grid
maze; for example, a fish, banana or bird. Global landmarks were defined as objects
that could be seen from everywhere inside the maze; for example, a tower, lighthouse
or windmill. After completing the learning period, participants were asked to find a
specific target picture. Once they found the picture, they were asked to find another
target picture. Researchers discovered that participants travelled longer distances in
the local landmark condition compared to the global landmark condition. Hence, this
study is also essential as it emphasises the importance of global landmarks within
virtual environments. This sub-set of landmark research is important for explaining the

significance of global landmarks in wayfinding tasks.

Research has also emphasised the significance of familiarity with the environment.
Lynch (1960) argued that people use local landmarks to find their way if they are
familiar with an environment. In his study in a real environment, Lynch observed that
participants who are unfamiliar with the environment tend to use global landmarks.
Other research has also supported Lynch’s findings. Kelsey (2009) aimed to define
global and local landmarks in a study in which she noted that there is no consensus on
the definition and categorisation of landmarks. Therefore, she defined global and local
landmarks based on their size and visibility, and she tested landmarks in three
experiments in VEs organised using a rectangular grid layout. In the first experiment,
Kelsey focused on the impact of landmark type, whether global or local, independent of
their location; in the second experiment she focused on the location of landmarks,
whether internal or peripheral; and in the third experiment, she focused on the
combined effect of these two factors. Similar to Lynch’s argument, the findings of this
study also suggested that global landmarks were more effective in unfamiliar
environments and when familiarity increased, local landmarks started improving the
wayfinding performance. These studies highlighted the significance of the familiarity
with the environment since people recall global landmarks more when they are

unfamiliar with the environment.
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Finally, the last group of studies focused on the idea that both global and local
landmarks affect wayfinding performance. Steck and Mallot (2000) defined global
landmarks as compasses and hypothesised that people might use different strategies;
they might rely only on local landmarks or on global landmarks, or they might use
different landmarks at different locations, or they might use both kinds of landmarks in
combination. After creating a VE consisting of a regular hexagonal grid of streets,
researchers defined intersections using global (e.g. television tower) and local
landmarks (e.g. a phone box). Thirty-two participants, most of whom were students,
participated in the experiment. Participants completed a wayfinding task after two
training phases. Their movement decisions were recorded and it was observed that
some participants used only local landmarks for their decisions while others relied only
on global landmarks. Furthermore, some participants used local landmarks at one
position and global landmarks at another. As a result of these experiments,
researchers asked another question: “How do participants select a landmark for a
specific decision?” Researchers discovered that at locations where participants
preferred local landmarks, landmarks had different functions or visual characteristics. In
addition, it was discovered that global landmarks were less visible at these points as
they were occluded by trees. Hence, they argued that to understand the selection
process of landmarks, not only a visibility classification but additional information
(saliency) should be analysed. Moreover, Schwering et al. (2013) attempted to
determine the types of information that support orientation during wayfinding. They first
asked university students to draw sketch maps for first-time visitors from one direction
while another group was asked to draw sketch maps from the opposite direction. Then
both groups were asked to provide verbal instructions for the routes they drew.
Researchers discovered that in both tasks, participants provided both global and local
information to help with orientation. In addition, researchers also noted that sketch

maps indicate global orientation more while verbal instructions convey local orientation.

In another study, Schwering et al. (2017) explored the use of global and local
landmarks in wayfinding instructions with a larger dataset. For this purpose, they chose
routes starting outside a city centre (a city centre was a global landmark according to
their definition), crossing it and ending up outside it; or starting from outside, and
ending inside a city centre; or passing by several cities with city centres. Twenty-one
participants were recruited in Germany and they were asked to describe a familiar area
with both sketch maps and verbal instructions. All participants experienced the three
routes and there were at least two global landmarks on each route. Results of the study
showed that local landmarks were the most commonly mentioned spatial feature in
both route descriptions and sketch maps. However, all participants included global

landmarks in their descriptions as well. They ended the study by saying that both global
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and local landmarks along the route were used for orientation. Similarly, Schwering et
al. (2014) aimed to explore the use of landmarks in verbal descriptions for routes at
different scales and using different transportation modes. The researchers described
three routes with different scales: the first route was the shortest, at 1.2 kilometres; the
second route covered the city and was approximately 5 kilometres; and the last route
was at an environmental scale, at approximately 18 kilometres. All participants were
given a laptop and asked to write route instructions for someone unfamiliar with the
environment. While analysing the global and local landmarks, researchers focused on
landmarks at potential or actual decision points or landmarks along the route to be local
landmarks. They considered point-based landmarks (e.g. buildings) and regional
landmarks (e.g. city centres) to be global landmarks. It was found that both local and
global landmarks were used at all scales. The findings of this study suggest that global
landmarks are used in wayfinding and spatial orientation in large-scale environments
whereas local landmarks are mostly used in route descriptions. They concluded the
study by clarifying that they only used the route descriptions task and further research
could be conducted by including additional tasks and comparing the results. Finally,
they suggested that using landmarks, not only at decision points but also along routes,

can make route orientation more effective.

Another study, which aimed to determine the hierarchy of landmarks, used both global
and local landmarks (Anacta et al., 2014). Global landmarks were categorised as point
or regional features. Point-like landmarks referred to buildings, whereas regional
landmarks referred to landmarks with an areal extent, such as mountains. Local
landmarks were categorised as landmarks along a route and landmarks at decision
points with a turn. Seventeen participants were asked to provide wayfinding
instructions for someone unfamiliar with the city through verbal descriptions and a
sketch map. The result of this study also showed that participants used both global and
local landmarks for route descriptions. Finally, in another study aiming to clarify the
effect of different verbal instructions, Li et al. (2014) concluded that wayfinding and
spatial orientation can be achieved by using both global and local landmarks. They
conducted the research in Germany with 11 participants and used verbal instructions
consisting of landmarks at decision points, on-route landmarks and distant landmarks.
Participants were instructed by machine-generated, skeletal or orientation-based
instructions, and they were asked to draw sketch maps and estimate directions and
distances at various locations. Researchers discovered that machine-generated
instructions were less effective for acquiring spatial knowledge. They also argued that
the efficiency of a wayfinding task can be increased by including both types of
landmarks. All these studies demonstrated that both global and local landmarks can

help people during a wayfinding task; however, a higher number of studies agreed on
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the impact of local landmarks, while the impact of global landmarks is still debatable.
Moreover, these studies showed that the type of landmark more frequently used

depends on the task being performed.
3.5 Effect of saliency of landmarks

Another important issue discussed by researchers is the saliency of landmarks. Caduff
and Timpf (2008) defined the concept of saliency as being the property of distinctness
or prominence of an object compared to its surroundings. They argued that a landmark
must be perceptually salient and contrasting with its surroundings. Hamburger and
Roser (2014) stated that landmark salience refers to those properties of an object that
make it stand out from its surroundings. Goétze and Boye (2016) also argued that

people choose salient landmarks since they are easily recognisable and memorable.

One of the key contributions to landmark saliency research was made by Sorrows and
Hirtle (1999). They defined three different landmark types in both real and virtual
spaces: visual, cognitive and structural. According their definitions, a visual landmark is
an object that is physically prominent due to its colour or size, for example; a cognitive
— or semantic (Klippel & Winter, 2005) — landmark is an object with meaning, such as
one with historical or cultural associations, or one that is well known; while the
significance of a structural landmark is related to the importance of the object’s
location. Visual landmarks contrast with their surroundings and become memorable. A
differently coloured building, or a taller building may be visually salient. Cognitive
landmarks, on the other hand, might be culturally or historically important and as such
they have significance. Cognitive landmarks can be more personal, and people may
miss them if they are not familiar with the environment. Finally, structural landmarks are
typically in prominent locations in an environment and thus are accessible (Sorrows &
Hirtle, 1999). They can be objects in highly frequented locations, or even at
intersections that are known, and possibly named, by people. This three-tiered
definition of saliency is essential as it covers different aspects of saliency. However, it
also poses a challenge: how can we measure landmark salience using these criteria?
As the cognitive aspect is defined as the cultural or historical effect of an object, how
can we measure it? As Richter and Winter (2014) stated, the experiences of people
can vary in different spaces or at different times. A place that lacks any structural or
visual significance can have meaning for an individual with memories of this place.
Thus, familiarity is a key factor for cognitive saliency. In addition, it is also important to
understand how visual, structural and cognitive saliency can be measured and

compared for different landmarks.

The definition of saliency has been further refined. Burnett (1998), in his study on car

navigation, aimed to identify the salient characteristics of landmarks. He proposed
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three factors of landmarks that can be significant for the wayfinding process: visibility,
which is the ability to see a landmark; uniqueness, which refers to the likelihood of a
landmark being mistaken for another object; and location, which is whether the position
of a landmark allows identification. The permanence of a landmark is considered a
prerequisite factor. Visibility and location relate to Sorrows and Hirtle’s “visual saliency”
and “structural saliency”, respectively. A key study by Caduff and Timpf (2008) claimed
that both Burnett’s (1998) and Sorrows and Hirtle’s (1999) studies failed to characterise
landmarks quantitatively or to provide methods for assessing landmark salience. They
introduced three terms of landmark saliency: perceptual, cognitive and contextual. In
line with Sorrows and Hirtle's (1999) definition, they identified physical characteristics
of objects for describing perceptual salience. However, they extended the definition by
describing three categories of perceptual salience: object-based (size, shape and
object orientation); location-based (colour, intensity, texture orientation); and scene-
context (topology and metric refinements). In addition to these definitions, observers’
knowledge and experiences are considered to be factors that affect salience.
Researchers defined two components for cognitive salience: the degree of recognition,
which indicates how identifiable objects are; and idiosyncratic relevance, which is the
personal importance of objects for observers. For the final component, contextual
saliency, two types of context were mentioned: task-based context, which includes the
types of task; and modality-based context, which includes the mode of transport or the

number of resources.

Recently, Von Stilpnagel and Frankenstein (2015) examined how landmarks’
configurational salience impacts people’s perception compared to their visual salience.
In their study, the participants experienced three conditions: sketch, map and free
conditions. The first and second group of participants explored a virtual environment
and they were asked to produce sketch maps from their memories after exploring the
environment with and without a map. The third group was asked to produce a map
while they were exploring the environment. The environment contained both global
landmarks — large geographic features, such as buildings — and local landmarks, such
as cars. The configurational salience was measured using visibility graph analysis
(VGA). Landmark size (the number of cells it occupied), integration (average visual
distance to all cells) and isovist size (number of cells from which a landmark was fully
or partially visible) were calculated to measure a landmark’s configurational salience.
Visual salience was rated by five raters using a 5-point Likert scale. Results of this
study pointed to multiple issues. First, it was discovered that the best predictor of a
global landmark was its size, whereas the best predictor of a local landmark it was its
visual salience plus isovist size. Second, researchers could not observe any specific

influence of integration. Finally, they observed that people tend to choose landmarks
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based not only on their visual characteristics but also on their configurational
properties. Thus, in addition to other components of salience, configurational
characteristics of landmarks are also fundamental in identifying landmark salience. This
definition was another important contribution to the saliency literature, as it explored
saliency of landmarks by using specific VGA. However, this definition can be related to
structural landmarks, as it is dependent on the location of landmarks. This study is
significant as it shows alternative ways of measuring salience, such as using VGA.

3.5.1 Automatic selection of salient features

Many models were later developed to automatically identify visual, structural or
cognitive (semantic) landmarks. Klippel and Winter (2005) referred to Sorrows and
Hirtle’s (1999) definitions of visual, cognitive and structural landmarks, and argued that
there was a gap as structural landmarks were not defined objectively. The researchers
argued that structural properties of landmarks should be countable and constant.
Therefore, they approached structural salience of landmarks by considering the
position of landmarks along a route (e.g. on-route/off-route landmarks, at decision
points or not at decision points) and developed a taxonomy of structural landmarks.
The researchers also suggested combining visual (s,,), structural (s) and cognitive (s.)

saliency to a weighted average of joint salience (s,) by using this formula:
Sp = Wy,Sy, + WS + wess withw, +w, +wy =1

Equation 7: Overall saliency score formula

Saliences are determined by comparing saliency properties of landmarks with the

properties of objects in their neighbourhood.

Claramunt and Winter (2007) also focused on the structural salience of objects and
they used Lynch’s (1960) definition of the components of legible cities (see Section
2.3.2 to read about legibility) to explain structural saliency. They defined four
components: nodes, paths, barriers and districts. Nodes are counted using the number
of connected places, and paths are analysed according to the links between places.
Thus, if places (or nodes) are directly linked to each other by one segment, they are
considered to be related. Places that have more links are considered to be more
salient. Barriers, on the other hand, describe spaces that are resistant to being
crossed, and their connection with streets is another measure. Finally, districts are
accepted as either a single graph or clusters of nodes. Since the study makes a
connection with the components of settlements (Lynch, 1960), and presents a detailed
explanation of how to measure structural salience, it can also be considered an

important study. Raubal and Winter (2002) proposed that “semantic” salience could
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refer to cognitive characteristics of landmarks, arguing that landmark saliency consists
of the historical characteristics of landmarks and explicit markings such as street signs.
These researchers focused on visual, semantic and structural characteristics of
landmarks. To analyse visual characteristics they used fagcade area (width x height of
buildings), colour (the RGB colour chart - indicating how much of each of the red,
green, and blue is included- was used to see if the colour is different from its
surroundings), shape (proportion of the height of a building to its width), and visibility
(two-dimensional area of the space covered by the visibility cone of the front side of a
landmark). For semantic salience, the cultural importance of objects was determined as
either “true” or “false” using a database of the city of Vienna, Austria. If an object was in
this database, they reported it as “true”. Explicit markings, on the other hand, were
defined as signs on buildings. Hence, for instance, if a building had a sign indicating its
function, then it was expected that this information would be mentioned in a route
description. Therefore, the presence of explicit markings was also coded as “true” or
“false”. As in previous research, nodes and boundaries were used to describe
structural salience. Hence, all characteristics discussed by Sorrows and Hirtle (1999)
were identified with measurable properties in this study. This was an important
contribution to the literature. Moreover, the concept of “visibility”, which is also
significant for saliency of landmarks, was included in this research. The researchers
argued that if an object is more visible than any other object around it, it may be
selected by more people during wayfinding.

Nothegger et al. (2004), who measured saliency by observing the visual and semantic
characteristics of objects, extended Raubal and Winter's (2002) work by proposing
that in order to define visual saliency, orthoimages (aerial photograph or satellite
imagery geometrically corrected) could be used to calculate the area of differently
shaped structures. The facades of buildings were examined to identify their shapes and
similarly shaped (rectangular) fagcades were considered insignificant. If there was a
facade with a different shape, then the shape deviation was calculated from the
orthoimages. To analyse the colour, the outlines of fagades were traced manually and
the median of the intensity values of the RGB colour channels was used. To measure
visibility, a line-of-sight algorithm was applied to the points close to the corners. The
authors claimed that it was more challenging to measure semantic salience than visual
and structural salience. They stated that if the building was designed by a famous
architect, it may only be remembered by other architects, or if a building has historical
importance it may not be evident from its external appearance. Thus, they suggested
that objects that are explicitly marked and/or have text on them can be defined as
attractive in a semantic sense. They first analysed objects to see whether they had any

interesting characteristics, such as a historical facade, or if they were culturally notable
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and could be highlighted in a travel guide. Then they checked the function of the
objects (more specifically, buildings) via the Yellow Pages to measure their
identifiability. In the end, an overall saliency score was calculated. The researchers
compared those scores with the results of tests with human subjects. They organised a
web-based questionnaire, showed panoramic images to 40 people and asked them to
rate the most prominent fagade. The results of the study showed a significant
relationship between the saliency model and participants’ answers. With these two
studies, the authors suggested objective ways to measure saliency. They suggested
that it would be useful to apply these measures to larger datasets to identify the

performance and the cost, which are also important issues to explore further.

Winter et al. (2008) presented another model to build hierarchies of landmarks from
saliency. They started with an assumption that any location in an environment can be
described with reference to landmarks; so, any point in a Euclidean map is in at least
one landmark’s reference region. Therefore, the researchers claimed that
environments can be defined either by hierarchical partitions of space, after which the
most salient landmarks can be identified; or salient landmarks can be found first and
then the partitions can be searched for. In this research, the authors first defined the
salient landmarks. They analysed Hanover, Germany, by focusing on junctions and
using the buildings around the junctions to identify salient landmarks. Once the salient
landmarks were clarified, they were considered as voronoi seeds and voronoi maps
were created using the seeds. Hence, each voronoi region was described by a salient
landmark that could help people to find their way or generate route descriptions. This
model was important as it made clear connections with the environment by
representing different urban spaces with specific landmarks. If a whole settlement can
be defined with salient landmarks, this will allow people to find their way more easily
and not get lost. Moreover, it can help environments to be more attractive (landmarks
with different shapes, colour, etc., may attract more attention). However, rather than
focusing only on buildings and their saliency scores, different landmarks could be

compared and more salient ones could be used.

There is a plethora of research on the automatic selection of landmarks (Elias, 2003;
Elias & Brenner, 2005; Peters et al., 2010; Lazem & Sheta, 2005; Wither et al., 2013;
Tezuka & Tanaka, 2005; Richter, 2007). Elias (2003), for example, focused on building
databases, and categorised buildings based on their attributes (land use, size, height,
number of immediate neighbours, orientation with the road, distance from road). She
used two algorithms to capture salience and stated that the results were promising as it
was possible to identify salient objects. In another study, Elias and Brenner (2005) first

identified landmarks by using the building information of the digital cadastral map of
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Germany. Using this information, they created a table with the geometric information
and semantics of the data. Similar to previous research (Elias, 2003), they focused on
specific attributes such as building area, building use and orientation to street. They
narrowed their selection by considering the visibility (the visibility of landmarks at
decision points as well as the visibility of landmarks while approaching decision points)
and the positions of landmarks relative to the route. They could define a landmark at
each decision point. However, because the algorithm detected only one landmark at
each decision point, the detection of other potential landmarks was not possible, which
can be considered as a limitation of this study. In addition, the authors claimed that
they computed visibility for a single view; however, for a wayfinding task it is crucial to
understand the environment from many angles and different points. Therefore, rather
than a specific point, the visibility of landmarks should be calculated along the entire
route to obtain accurate results. These two studies conducted by Elias and others
(Elias, 2003; Elias & Brenner, 2005) were important in relation to the automatic
selection of landmarks, and the database they used might be reproduced more easily
than previous auto-selection alternatives. However, it should be noted that in these
latter alternatives, there were limitations with both the landmarks, as only buildings

were considered, and the saliency criteria used, which were only semantic and visual.

Lazem and Sheta (2005) identified landmarks, using buildings, and created an attribute
table including building colour, height and width, building order in the street (for
structural saliency) and building activity (for semantic saliency). Researchers simulated
three virtual cities with grid layouts, and the number of urban blocks varied in each city.
Moreover, they distributed different types of landmarks realistically by using a
Geographic Information System (GIS) dataset belonging to Egyptian cities. They
observed that the highest scoring landmarks were institutions, governmental buildings,
and other buildings with specific functions. Hence, they claimed that this selection
method was effective at detecting landmarks. This study was important as it aimed to
analyse all components of saliency and to adapt the results to other simulated cities.
However, structural and semantic saliency were analysed using limited measures,

which can be considered a limitation of this work.

Duckham et al. (2010) approached saliency of landmarks in a different manner; rather
than using an actual landmark, they focused on a group of landmarks and developed a
weighting system based on landmark categories (e.g. parks, hotels, etc.) and
measured the visual, structural and semantic characteristics of these categories. For
visual saliency, they used size, proximity to road, prominence and differentiation from
surroundings (during both daytime and night-time). For structural saliency, spatial

extent and permanence were analysed. Semantic saliency was measured using
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ubiquity and participants’ familiarity with the environment as well as the length of
descriptions. A scoring system was developed, and each category was ranked by a
group of experts. This approach was then adapted for different routes in Melbourne,
Australia. They concluded that landmark selection was both route and direction
dependent. As it would be easier to produce a dataset from categories, rather than
individual landmarks, this alternative methodology can be useful. However, the results
would not be as specific as individual landmark research, which might be a limitation of
this type of study.

Another study, which focused on a more user-related approach, was conducted by
Gotze and Boye (2016). They used a methodology that automatically derived salience
using route instructions. They asked 10 subjects to walk a specific route and describe
it. People’s verbal descriptions were recorded and transcribed, and each segment was
annotated with the landmarks that participants referred to. Then people’s personal
salience model was derived using an algorithm that determined the most appropriate
landmarks to refer to. This approach is quite unique and significant as it produces
personal results; however, as the model is user-related, it is necessary to include the

results of a large number of participants to obtain accurate results.

On the other hand, Nuhn and Timpf (2017) proposed a multidimensional model for the
selection of personalised landmarks. They extended existing approaches by using the
personal dimensions of landmarks (Nuhn & Timpf, 2018). The underlying idea was that
landmark selection could vary for individuals; hence, in the former study, they aimed to
understand the factors that might affect people’s landmark selections, focusing on
people’s personal interests and backgrounds. They suggested that personal interests
could be closely related to different functions (e.g. art, gastronomy) and could be
obtained using sensors in smartphones. Personal goals were categorised under three
headings: known goals (reaching a known, particular location), new goals (reaching a
different, new location — probably with the help of a wayfinding aid) or exploratory goals
(travelling without having a specific goal location) (Golledge, 1999; Wiener et al., 2009).
The researchers suggested that personal background could be analysed by checking
demographic characteristics, such as gender, age and country of residence. This study
provided a detailed explanation of how cognitive saliency can be measured. Even
though these definitions are important for the selection of different landmarks or
different routes, it is not clear how to adapt these classifications, quickly and efficiently,

to a wayfinding task.

In the latter study (Nuhn & Timpf, 2018), authors extended the earlier research of
Raubal and Winter (2002) and, in addition to visual, structural and semantic landmarks,

they defined descriptive and environmental landmarks. Accordingly, attributes of
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descriptive landmarks were defined as explicit markings, such as signs that can be
used in wayfinding tasks, and the number of words on those signs, as long descriptions
can cause confusion so objects requiring a longer explanation can be excluded from a
task. Environmental landmark attributes were defined through their orientation,
distance, visibility and uniqueness. The authors considered travellers’ interests,
education, country of residence and background. This study was another important
attempt in identifying landmark saliency as it extended the existing literature by using
semantic and environmental attributes. These two papers were essential as they
provided personalised categories to better understand semantic landmarks. However,

the implementation of these measures to actual environments is still a challenge.

Models were also developed using different technologies. For instance, a mobile
application was developed by Wolfensberger and Richter (2015). The researchers
aimed to provide a tool for the manual selection of landmarks in which people took
pictures of objects while their position was detected via GPS. Using the GPS data, the
visible area was scanned for possible landmarks. Researchers focused on objects that
were closer to the participants and, once the candidate landmarks were selected, their
visual and semantic characteristics were quantified. Visibility (distance and azimuth
deviation from the user) and size (area) of landmarks were used as visual
characteristics; landmark type (tags that describe the function, such as shop, leisure)
and historical or cultural significance (the number of tags and background information
either from the object's web page or from Wikipedia) were used for semantic
characteristics. The application was then tested in both an urban and a rural area, as
well as by a naive user. The results showed that widespread use of the application was
possible. This research is promising in many aspects: both visual and semantic
characteristics were used; people were asked to actively participate in the study (they
took pictures and defined landmarks); the application was tested in both urban and
rural areas, as well as by a naive user. In another study, Quesnot and Roche (2015a)
focused on semantic salience and hypothesised that Social Location Sharing datasets
could serve as reliable sources for measuring semantic salience. The researchers
argued that user-generated place databases provided information on users’ interests
as well as the different uses of places (during the daytime or at night-time), while
providing information about not only buildings but also other objects, such as parks or
mountains. They claimed that the information could be collected from social media
services (e.g. Facebook, Swarm, etc.) and adapted to the automatic landmark
detection systems using the geosocial activity of venues. Showing examples from
Vienna and Paris, researchers observed that historically or culturally significant places

did not necessarily generate the highest activity on social media. This was an important
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finding since it shows that semantic salience could be better understood by checking

the Social Location Sharing database.

All of the studies discussed in this subsection show that automatic selection is another
important area. While creating a landmark detection system, it is important to consider:
(1) the reproducibility of models — whether the steps are easy to follow and the
measures clearly explained; (2) the reproducibility of models at different scales; (3)
whether or not the models work in practice — if the automatic selection tools identify the
landmarks, and how well the results compare with people’s choices (Richter, 2013,
2017). It was also established that landmark detection can differ based on the length of
time taken to travel or complete the wayfinding task (Sadeghian & Kantardzic, 2008). It
is important for future research to focus on all aspects of salience — visual, structural
and semantic (cognitive) — through the measures described in this subsection. Even
though visual and structural salience is covered by many measures, most of the
existing studies failed to measure semantic salience. As well as the function of
buildings, additional components, such as people’s backgrounds, that might affect
semantic saliency scores should be considered in future studies. Furthermore, in
addition to buildings, all types of candidate landmarks, such as fountains (e.g. Piazza
Navona in Rome), statues (e.g. the Statue of Liberty in New York), or stairs (e.g. the
Spanish Steps in Rome) should be adapted to these algorithms, since they could have
high saliency scores and hence could be used during wayfinding.

3.5.2 Findings of different studies on saliency of landmarks

In addition to providing various definitions of salience, some studies have aimed to
explain the most effective saliency criteria for wayfinding. However, their findings vary.
Peters et al. (2010) aimed to use an automatic landmark selection tool to identify
landmarks and to compare the results with people’s landmark choices. They used a VE
with box-like buildings and two alternative routes. Twenty-four students participated in
the experiment and actively navigated through the VE using a joystick. When they
completed the navigation exercise, they wrote route descriptions. Structural, semantic,
visual (based on colour) saliency and visibility scores of landmarks were computed.
Researchers discovered that the highest correlations between people’s choices and
saliency scores were observed for visibility and structural salience. Therefore, they
claimed that structural salience and advance visibility have higher impacts on people’s

choices.

Winter et al. (2005) theorised that landmarks are more personal rather than being
universally agreed features. They focused on people’s landmark selections during the
daytime and night-time. After being asked for demographic information and about their

familiarity with the area, participants were shown four panoramic images of Vienna.
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Half of the participants were shown daytime images while the other half saw night-time
images. Then they were asked to select a prominent fagade. In the second part of the
study, the same participants were asked to rank characteristics of landmarks so that
the researchers could understand which characteristics made them more noticeable.
Researchers discovered that some of the landmarks were ranked significantly
differently depending on whether the images were from daytime or night-time. More
importantly, it was observed that the visibility and colour criteria were more significant
for an object to become a salient one, compared to the area, shape or marked

information.

Stankiewicz and Kalia (2007) conducted three experiments to investigate the effects of
structural landmarks and object landmarks (statues) in VEs. In three experiments
participants were asked to navigate in the environment and answer landmark queries.
The results showed that humans tend to remember structural landmarks more than
object landmarks. Moreover, even if the information content of object landmarks was
greater than that of structural landmark, the two types of landmarks were still recalled

equally.

In their study, Miller and Carlson (2011) also intended to determine the factors that
make landmarks salient. They used Caduff and Timpf’'s (2008) definition and focused
on contextual and perceptual characteristics of landmarks in a virtual museum. For
perceptual characteristics, they focused on size and colour, while for contextual
characteristics they analysed objects at decision points with a turn and without a turn,
and at non-decision points. Participants were asked to learn a route and memorise the
objects. Then they were asked to give route directions, draw a map with instructions
and answer whether an object was in the museum or not. The findings suggested that
both perceptual and contextual salience are important characteristics of objects that

are deemed salient.

Von Stllpnagel and Frankenstein (2015) aimed to examine the effect of configurational
salience of global and local landmarks compared with visual salience. A VE was
created for this study and people were asked to explore the environment under
different conditions: sketch without a map after exploring the environment, sketch with
a map, or free (the third group explored the environment without additional aids). They
discovered that people not only rely on visually salient objects, but they also use
configurationally (or structurally) salient landmarks for orientation. Moreover, it was
observed that participants who were asked to produce sketch maps added more
landmarks compared to those under the map and free conditions. The differences in
the task, therefore, affected people’s observations in this study. This is similar to the

findings of studies on the visibility of landmarks.
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Roser et al. (2012) also indicated the impact of structural salience. They conducted a
study in a virtual, grid environment (Squareland) and asked participants, who were
mostly university students, to learn a route from a starting point to a goal location. Then
participants were asked where a landmark should be located (allocentric view). In a
second experiment, they used the egocentric perspective and 12 landmarks were
located in the environment. Participants were asked to memorise a route and point out
the location of landmarks. The findings of this study also supported those of Klippel and
Winter (2005). The results of these studies mainly highlight the impact of the visual and
structural characteristics of landmarks during wayfinding. The same VE, Squareland,
was used in another study (Hamburger & Rdser, 2014). The researchers aimed to
understand the impact of famous landmarks and to determine the changes in
wayfinding performance with visual, verbal and acoustic cues. In the first experiment,
25 university students were randomly assigned to one of the three conditions. In the
recognition task, they indicated whether they saw a word (of an animal) or saw an
image or heard animal sounds. They were re-shown the environment and were asked
which way to move at each intersection. The researchers discovered that verbal and
sound instructions were better remembered. In the wayfinding task, however, they did
not find any significant differences in results. In the second experiment, 20 students
were asked to view visually salient but unfamiliar buildings as well as visually salient
and familiar buildings. The results indicated that famous buildings were better
recognised by people. This study showed that both visual and cognitive characteristics

of landmarks affected people’s preferences.

Another study was conducted to understand the significance of semantic landmarks in
unfamiliar and familiar environments (Quesnot & Roche, 2015b). Individuals familiar
and unfamiliar with Quebec City, Canada, participated in an online study. After
answering questions about their demographic information and familiarity with the
environment, the participants were shown different parts of the city. They were asked
to choose two landmarks from a set of four potential landmarks, and visual, structural
and semantic saliency scores for landmarks were computed. The study showed that
visual salience was closely related to people’s choices. Moreover, the results of this
study showed that people who were familiar with the environment focused on semantic
landmarks regardless of low visual salience. On the other hand, people who were
unfamiliar with the environment relied on the visual cues more. This study, therefore, is

an important example of how familiarity affects people’s landmark choices.

Another group of researchers focused on the combined effect of characteristics of
landmarks. Albrecht and Von Stilpnagel (2018) stated that, even though visual and

structural landmarks supported wayfinding, the interaction between the forms of
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salience have received little attention. Therefore, they aimed to explore the combined
effect of visual and structural salience on wayfinding. They located visually salient
objects at structurally salient and less salient locations. They used a VE where the
intersections were symmetrical and consisted of four buildings. Thirty-four students
participated in this study and they were first asked to study pictures of the intersections
with a given turning direction. Then they were presented with one intersection and were
asked to make decisions. Findings showed that people tended to remember a turn
correctly if a visually salient landmark was located in the turning direction. A similar
study was undertaken by Michon and Denis (2001), who asked 20 participants to learn
two routes in Paris by navigation and to generate route directions. Researchers
observed that visual landmarks are better remembered when they are located at
decision points. Hence, a landmark can be visually salient, but if it is located in a
structurally less salient position, then it might be used by less people in wayfinding
tasks, as expected. This body of literature is also important for interpreting the
combined effects of landmarks, rather than focusing on one or two characteristics
separately. Therefore, it can be argued that all the different characteristics of

landmarks influence their saliency.

Duckham et al. (2010), Gotze and Boye (2016) and Elias (2003) mentioned verbal
descriptions in relation to understanding cognitive saliency specifically. Research
aimed to explore descriptions to better understand cognitive/semantic saliency.
Duckham et al. (2010), for instance, stated that short and familiar descriptions (using a
specific function, such as the name of a bank or a coffee chain) are suitable for making
a route description simple and easy. Similarly, Elias (2003) mentioned that “real’
landmarks are identified by the shortest description. Hence, in route descriptions, we
tend to use shorter descriptions to be clearer. Krukar (2015), on the other hand, stated
that the deeper people process, or fixate on, an object, the better they remember it. In
relation to that, other research has also discovered that people fixate on a salient
object more (Itti, 2005; Zetzsche et al., 1998). Hence, if we change the task from route
description to landmark definition, we can expect people to provide more detailed
descriptions for the objects they remember well, since they would fixate on them more.
In fact, this shows how descriptions change depending on the task one undertakes. If
someone is asked to experience a route and explain it to someone else, they would
make it short and simple, as mentioned in the former papers. However, if the task is
slightly altered such that someone is asked to experience the environment and explain
what they see “in detail”, then they would talk more about the salient landmarks using
many descriptive words, as the latter research suggested. Research has argued that
hesitation can also be measured by analysing the descriptions. Hence, if specific words

” ”

are used in landmark descriptions (such as “maybe”, “seems”, “I am not sure, but”,
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etc.), they show that people are uncertain about what they saw, so the saliency of a
landmark can still be challenged (Tenbrink et al., 2019; Tenbrink, 2015). Moreover,
research on cognitive salience in navigation tasks has reported the impact of
landmarks in route descriptions by focusing on the location of landmarks (Denis, 1997;
Daniel & Denis, 2004; Denis et al., 1999). They stated that landmarks at nodes
(decision points) are mentioned by people more often. Hence, it is also expected that
the location information of landmarks is seen in descriptions. Therefore, these
approaches can also be used to better understand cognitively salient landmarks.

Some studies have also aimed to understand whether the saliency evaluation differs
between experts and non-experts. An interesting study was performed by Cheng
(2009) to analyse landmarks using the perceptions of experts and non-experts. Two
groups were used for this study: the expert group was defined to include landscape
architects who had lived and worked in the study area for over ten years, and the non-
expert group was defined to include local residents who had also lived in the study area
for more than ten years. Both groups answered questions about landmarks, and the
results of the study showed that singularity (sharp visual contrast with the background)
and spatial prominence (location of landmark — visibility from many points) affected the
participants’ ability to identify landmarks. In addition, results of the study showed
similarities and differences between two groups. All these above-mentioned studies
highlight that landmarks can be analysed considering their visual, structural and
cognitive characteristics. In addition, there are different methods to measure these
characteristics. More importantly, current research shows that there is no consensus in

the literature on the types of landmarks that are preferred by people.
3.5.3 Other methods to measure salient landmarks

Research has discovered that people tend to look at salient objects more (Itti, 2005;
Zetzsche et al.,, 1998) since these objects draw attention (Land & Tatler, 2009).
Zetzsche et al. (1998), for instance, found that the eyes fixated on regions with
multiple superimposed locations, such as corner points. In addition, as discussed in the
previous section, Krukar (2015) stated that the deeper people process, or fixate on, an
object, the better they remember it. Hence, many studies have aimed to find a

relationship between eye fixation and saliency.

Researchers have discussed gaze behaviour and tried to explain how the wayfinding
process is affected by what people look at, or the relationship between eye tracking
data and landmark selection. An important study was conducted by Viaene et al.
(2014), who aimed to detect indoor landmarks using eye tracking data. Twelve
participants’ eye tracking data was recorded and participants were asked to verbalise

everything related to a navigational task. The fixated objects and the mentioned objects
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were then compared. Researchers discovered that eye tracking could provide
qualitative data to identify landmarks. Wiener et al. (2012) aimed to explore the
relationship between spatial decision making and gaze behaviour. They asked
participants to search for an object in a VE. Participants were asked to choose left or
right at each decision point, and their eye movements were recorded during the
experiment. The results showed that people have a tendency to choose paths
containing longer lines of sight. This finding again shows the effect of visibility on

people’s behaviour.

In another study, researchers were interested in associating the positions of decision-
related information with the placement of the actual choices (Wiener et al., 2011). In
the training phase, 17 participants were passively transported along a route in a VE,
which consisted of 18 decision points. Both unique and non-unique landmarks occurred
at each intersection. In the test phase, participants were asked to select the direction
using static images. Unigue landmarks in this study were images that were present
only once, and non-unique landmarks were always the same image. Researchers
discovered an increase in reaction times when unique landmarks were not in the
required movement direction, which suggests the impact of structural salience on
decision making, which could be detected by eye fixations. Wenczel et al. (2017) aimed
to understand the extent to which the selection of landmarks could be established from
eye tracking. Twenty-three participants took part in the study. They were asked to
explore two routes and then provide route descriptions and walk both routes from
memory. They were also asked to mention the landmarks on their route. Researchers
estimated visual saliency by using the eye tracking data. The results were rated by two
people on a 5-point scale from visually non-salient to visually very salient. Structural
saliency was analysed based on landmarks being on routes, at potential choice points
and at choice points. The results showed that participants mostly focused on the
corners in the turning direction and gaze patterns were affected by direct line of sight. It
was also highlighted that route learning is associated with structurally salient
landmarks. In this example, the approach of using eye tracking data to understand
salient landmarks by was introduced, and this was employed to measure visual
landmarks. In a review by Kiefer et al. (2017), several advantages of using visual
attention systems were listed that included the theory that wayfinding aids rely on
visual information. Hence, fixations can provide information on people’s wayfinding

choices and landmark selections.

The relationship between eye tracking data and saliency is explored above. Research
has aimed to estimate where people look in order to define salient objects
automatically (Kimmerer et al., 2016; Judd et al., 2009; Itti et al., 1998; Harel et al.,
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2007; Kummerer et al., 2017). One of the earliest computational models was
developed by Itti, et al. (1998). These researchers developed a visual attention system
based on the intensity, colour and orientation of images. Since then, many approaches
have been developed (Borji & Itti, 2013). Among them, Graph-Based Visual Saliency
(Gbvs) (Harel et al., 2007), which is a standardised version of the Itti et al. (1998)
model, was shown to be more predictive than the Itti et al. model in explaining human
fixations. Recently, saliency models based on deep learning have been shown to
significantly outperform most previous shallow models. One of the most accurate
models is DeepGaze II, which is based on a popular object recognition network
(Kimmerer et al., 2016). Visual Geometry Group (VGG)' deep neural network
features (VGG-19) were used to train the model to predict saliency (Simonyan &
Zisserman, 2014) and the model was pretrained with SALICON dataset*? (Jiang et al.,
2015). The great advantage of deep saliency models is that they not only model low-
level visual features such as orientation, contrast or luminosity, but also take into
account higher level features such as whole objects, or even faces, which are known to

strongly attract attention.

Many of the models discussed above have been designed to predict where people look
by considering some visual characteristics of the scenes. Thus, the models are
essential for studies about spatial knowledge and route learning (Grzeschik et al.,
2019). Earlier studies focused on estimating the contribution of saliency to eye
movements by using dynamic scenes, and found no significant relationships between
model-predicted saliency and duration of fixation (Itti, 2005). However, the number of
studies on the effect of salient objects on navigation is still limited. To the best of the
author's knowledge, there is only one other study that has aimed to compare
navigational behaviour with different saliency models (Psarras et al., 2019) in addition
to the previously cited study (Grzeschik et al., 2019). Grzeschik et al. (2019) designed
a VE and placed landmarks at intersections. At each intersection there was a unique
landmark (one that appeared once along a route) and a non-unique landmark (one that
appears at two of the intersections along a route). The saliency of landmarks also
varied. Participants’ eye movements were captured and saliency was assessed using
an online survey as well as saliency algorithms. Researchers discovered that the
results of the survey and algorithms pointed to salient landmarks. Psarras et al. (2019),

in contrast, followed a different approach and recorded pedestrians’ routes in a real

1 VGG is a deep convolutional network for object recognition.

2 SALICON dataset is a dataset that offers a large set of saliency annotations on an image
database (see http://salicon.net/).

76



environment. The paths people used were then converted to 3D models and virtual
cameras were used to capture people’s field of view. Saliency algorithms were
implemented to pedestrians’ fields of view. Researchers stated that visual saliency was
correlated with observed navigational behaviour. However, this area can be still
investigated.

3.6 Visual summary diagrams for landmarks

In this chapter, the characteristics of landmarks used in wayfinding tasks have been
explored. There is consensus in the literature on different aspects of landmarks: it was
observed that some terms relating to characteristics of landmarks, such as outstanding,
distinctive, identifiable or prominent, were repeated by authors. Landmarks were
identified as communicable (so that they can be described easily), salient objects in an
environment that helped people to find their way or describe a route. Past studies
clarified that landmarks’ specific characteristics let them be selected by more people
and because of these characteristics they became distinctive, unique or identifiable.
These characteristics were investigated under three headings: the location, visibility
and saliency of landmarks. For the location of landmarks, it was seen that landmarks
on routes and landmarks at decision points could be remembered more easily
compared to off-route landmarks. More specifically, research stated that decision
points, where people’s direction is changed, can be the optimal locations for
landmarks. For the saliency of landmarks, various papers focused on the visual,
structural and cognitive (semantic) characteristics. The first consensus in saliency
papers is on these three categories. Accordingly, objects should be visually (their size,
shape, colour or visibility), cognitively (their historical or cultural meaning), or
structurally (their location at accessible points) distinctive so that they can draw
attention and be used during wayfinding tasks. Visual and structural characteristics
were analysed by various researchers, who concluded that both characteristics had an
impact on people’s wayfinding performance. In relation to visual characteristics, colour

and visibility were mentioned in different studies.

However, it is possible to claim that there are numerous gaps in the literature. The first
one concerns the saliency of landmarks. Various studies have investigated saliency
and proposed various measures such as visibility, colour, height or shape for visual
saliency; the use of social media, or people’s demographic data for semantic salience;
or the number of nodes or barriers for structural salience. These measures are useful
to understand how people select landmarks in different real and virtual environments.
Research needs to focus on the defined measures and include as many of them as
possible to derive more accurate results. Moreover, the literature has already

underlined the impact of visual and structural landmarks in navigation-related
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experiments. Even though different measures were developed to explain cognitive
saliency, the number of studies that have conducted experiments using these
measures is still limited. Hence, new tools can be useful in comparing these three
components more effectively, and in improving the understanding of the impacts of
cognitive salience on wayfinding behaviour. The combined impact of different saliency
measures was also studied by researchers; however, more research still needs be
conducted to better understand the relationship between different landmark
characteristics.

Another gap persists in the definition of the visibility of landmarks. Research suggests
that landmarks can be seen either from everywhere (Lin et al., 2012; Castelli et al.,
2008) or from many points in an environment (Lynch, 1960). Here, it is asserted that
global landmarks are objects that can be seen from many points and angles, but not
necessarily from everywhere, as Lynch (1960) also discussed. However, at this point
another question is raised: if a global landmark is seen from many points in an
environment, then how can local and global landmarks be differentiated? Many existing
studies used obvious objects, such as towers or mountains, to refer to as global
landmarks. But when exactly does a local landmark stop being “local” and become a
“global” landmark? Can a threshold for this transition (which suggests more of a
continuum of landmarks than previous research may suggest) be defined? This is a
guestion raised in this chapter. In addition, research on global and local landmarks
provided different results: a group of researchers claimed that global landmarks can be
more effective, while others claimed either local landmarks, or both global and local
landmarks can be more effective on wayfinding tasks. Hence, it might also be useful to

explore the impact of different landmark types on wayfinding tasks.

Finally, eye fixation and its relationship with landmark selection were also discussed in
this chapter. Eye tracking is another important way of explaining visually salient
landmarks. Many tools have been developed to explore salient objects in images as
mentioned in Section 3.5; however, there is limited literature on landmark saliency and
objective saliency models. Many studies focused on salient parts of images, but they
did not compare the results with people’s saliency evaluations. Therefore, this can be

determined as another gap in the landmark literature.
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Figure 6: Visual summary diagrams for the literature on landmarks and wayfinding. Diagrams were
prepared to review: a. location of landmarks, b. visibility of landmarks, and c. saliency of landmarks.

To summarise the above-mentioned studies visually, papers in the literature are

chosen based on their relevance to this study as well as the originality of the findings,
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and compared in a similar way to those in the previous chapter about wayfinding.
Again, visual summary diagrams are used, as shown in Figure 6. The same three main
headings — people, environment and landmarks — and the same sub-categories are
used, so that the reader is able to compare the two literature review chapters. Again,
the reader can easily see that the literature on the location of landmarks focused on
landmarks on or off routes, or at decision points. All main headings discussed are

shown in the images.
3.7 Summary of the chapter

A number of papers stated that landmarks are one of the three knowledge types that
create spatial knowledge (Siegel & White, 1975). Thus, in addition to designing
relatively simple layouts (Garling, Book, et al., 1986; Arthur & Passini, 1992; Passini,

1984b), where people do not feel confused, it is also important to have:

o Global and local landmarks that are distributed within an environment (although
not necessarily distributed evenly, as one might expect to see more landmarks
in centres),

o Landmarks on routes and at more specifically at decision points (if possible),

o Landmarks that are also visually, cognitively or structurally salient. This would
reduce the number of wayfinding errors that people make. Moreover, it is also
possible to create more attractive routes with the aid of landmarks, such as
aesthetically appealing landmarks like statues, buildings, etc.

Environment and people are also used as headings in the visual summary diagrams in
order to identify the criteria that make a landmark salient. The review of relevant papers
indicates that both of these factors have an effect on landmark salience. Therefore, it
can be claimed that landmark selection is shaped by a multitude of factors, all of which
should be taken into consideration to better understand the underlying reasons of the

landmark selection process.

The aim of this chapter was to review the existing literature on landmarks in wayfinding
studies, and to clarify the gaps. In order to do this, chapter was divided into three parts
(excluding visual summary diagrams) in which location, visibility and saliency of
landmarks were discussed. In the introduction, these questions were raised: “Which
environmental factors or conditions make wayfinding easier?” and “How do we
select landmarks in unfamiliar environments?” It can be claimed that landmarks are
one of the components of the environment that affect the wayfinding process. In
addition, it is clear that to explore landmarks, it is important to analyse their location,

visibility and saliency, and work on the gaps in the literature.
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More importantly, in this chapter, as in the previous chapter, gaps in the literature and
different methods were discussed. The consensus on the location of landmarks is
highlighted in this chapter. There were two main gaps about the visibility of landmarks:
definition of the visibility of landmarks, referring to the definition of global and local
landmarks, and the type of landmark that has a greater effect on wayfinding. It is also
stated that the visibility can be analysed using visibility of landmarks (in other words,
the visual catchment areas of landmarks). In relation to the saliency of landmarks,
three headings are highlighted, visual, structural and cognitive landmarks, and various
measures are discussed to examine these terms. Hence, it can be briefly stated that:

1. To understand the selection of landmarks, location, visibility and saliency of
landmarks should be analysed,

2. As mentioned in the introduction, a clear definition and distinction is needed for
global and local landmarks, as well as the impact of global landmarks on the
wayfinding process. To clarify global and local landmarks, the visibility of
landmarks can be used as suggested in the literature,

3. Visual, structural and cognitive salience can be analysed using various
measures to see which characteristics make landmarks preferred by more
people. In addition, computational models and experts’ and non-experts’

evaluations can be used for this investigation.

These two literature review chapters are important in understanding the current
literature on wayfinding and landmarks. Depending on the gaps and methods
mentioned in these two chapters, a series of experiments is conducted in the following
chapters. The next chapter describes the methodology of the experiments and the case

study used in this research.
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4 METHODS

4.1 Introduction

This chapter explains the methods used in the thesis. Experiments conducted for this
research took place in the same virtual, game environment, Sea Hero Quest (SHQ),
which is described here. The processes of how SHQ was designed, and how the data
were collected from participants and distributed to researchers are explained in this
chapter. The questions posed to participants and the tasks that they were asked to
complete are described. Participants’ results (both time and trajectories) used in this
study are defined. In addition, spatial analyses are explained and coded conditions,
analysed complexity and Space syntax measures are clarified. Methods to analyse
landmarks are also defined. Cluster analysis, conducted to determine the levels with
similar layouts, is also introduced, since these levels are used in the following chapters.
The methods used to investigate visual, structural and cognitive saliency are also

explained in this chapter.

In the following chapters (Chapters 5 to 7), the analyses conducted for the thesis are
explained. In this chapter, the main justification for the methods is given, and then the

method of each study is explained in more detail under the relevant heading.

Three components were mentioned in the literature review for successful wayfinding:
people — as their behaviour can affect wayfinding; environment — as the complexity of
layouts, connectivity or other factors can have effects; and landmarks — as these
components are specifically mentioned in wayfinding research (Figure 7). Accordingly,
the main methods used in this study consist of these three components, or the
interaction between three components. Hence, it is expected to explore the spatial
layout of an environment by using different measures and characteristics of landmarks,

and see their impact on people’s wayfinding performance.
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Figure 7: The main components that shaped the method

4.1.1 Games as aresearch tool

Virtual environments are practical for analysing spatial layouts rapidly and accurately.
As mentioned in the literature review, research has stated that results of virtual
environments are correlated with those of real environments; hence, virtual
environments can be used to test real environments or real environmental projects.
Games and game environments are a way of producing virtual environments and

testing them.

Video games have been said to be the fastest growing form of entertainment in the
world (Adachi & Willoughby, 2013). Even though some negative effects of video game
playing, such as addiction and aggression, was discussed in early research (Anderson
et al., 2010), researchers have also discovered some benefits of game playing,
including but not limited to, effects on motivation, emotions and social interaction
(Granic et al., 2014). Moreover, some studies have also shown that video games can
develop skills in some areas, such as language, basic maths and reading, as well as
social skills in various ways (Griffiths, 2002), including bringing families together
(Mitchell, 1985; Gentile et al., 2009).
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Playing video games requires memory, coordination and fast reactions (Goldstein et
al., 1997). Hence, playing games has a positive effect on cognitive skills (Zelinski &
Reyes, 2009; Granic et al., 2014; Adachi & Willoughby, 2013) as they can be used to
develop problem solving and spatial skills in a short period of time. Therefore, it is
possible to state that, in addition to some negative effects, games also have some
positive effects on people. This is the reason why they have recently been playing an

important role in research.
4.2 Selection of the case subject: why Sea Hero Quest?

Sea Hero Quest (SHQ) is an online game that has been available through the app
store for phones and tablets since 2016 to 2019. A virtual reality (VR) version is still

available — for more information visit http://www.seaheroquest.com/site/en. The game

was designed by researchers in different universities and was produced by a game
company, Glitchers Ltd (Hyde et al., 2016). To the best of author’s knowledge, SHQ is
the first attempt in the gaming industry to develop a game to be used directly in

scientific research.

Since the game was released in 2016, it has been played by more than 4.3 million
people. Therefore, it has provided the largest dataset in wayfinding and landmark
studies up to the time of writing, which makes the game an important source of data.

The game includes different spatial layouts, as well as different conditions relating to
landmarks, weather and map features. In some levels the weather is kept clear and in
others, it is foggy or the water is wavy. Therefore, the visibility within these
environments is low because of the fog or waves, and landmarks and other cues are
not always clear under these conditions. In addition, in some levels, participants see a
clear map showing their locations, the layout and the goal locations, while in some
levels they see an obscured map that does not allow participants to see the spatial
layout of levels and they can only see the order of the goal locations. Landmark
conditions also vary in relation to “global landmark” conditions and “saliency”
conditions. Accordingly, in some levels there are only local landmarks, whereas in
others there are both local and global landmarks. The saliency condition varies as
‘none”, “easy” and “hard” landmark conditions depending on the visual and structural
characteristics of landmarks. Hence the game provides an opportunity to analyse the

effect of different conditions in addition to the impact of different layouts.

A previous article on SHQ by Coutrot, Silva, et al. (2018) discovered an important
finding: the overall performance of people decreased gradually with age up to the age
of 70. However, after this age, researchers discovered an increase in performance

again, which was unexpected. Hence, this study will use the results from participants

86


http://www.seaheroquest.com/site/en

aged below 71 to be consistent with the literature. In addition, recent work of Coutrot,
Schmidt, et al. (2018) compared people’s wayfinding performance in real and virtual
environments. Researchers used specific levels of SHQ for the virtual task and Covent
Garden, London, for the real-world task. Participants’ performance in real and virtual
environments was compared and the results showed that the VE navigation task was
significantly correlated with the real-world task. This result is significant for the current
study as it demonstrates that SHQ can be used to better understand real-world
environments and the results of the current study can be considered applicable to real

environments.
4.2.1 Why SHQ in wayfinding & landmark research?

SHQ consists of 75 levels with different spatial layouts. Researchers from University
College London (UCL), University of East Anglia, McGill University, Northumbria
University, ETH Zurich, University of Cambridge and Bournemouth University gathered
and worked on the different phases of the design process with Glitchers Ltd. The
structures of environments, as well as different conditions related to weather, maps,
etc., were designed by researchers. While designing the levels, researchers began with
simple environments, which became more complex and maze-like. Thus, it would be
easy for participants to way-find in the beginning and as they become familiar with the
commands and the game, it would become more challenging. This was important for
researchers to understand the impact of layouts on wayfinding: using various
measures, the environments could be analysed and the most significant factors could
be detected.

Different layouts were designed by the researchers. While designing them, researchers
aimed to increase the complexity gradually from very simple through to extremely
challenging, based on their previous findings (Carlson et al., 2010; Hdlscher & Dalton,
2008). In SHQ, researchers used “reverse-engineering intelligibility”, since the
approach is the opposite of established methods. Architects design intelligible, user-
friendly spaces, while the opposite is generally not requested. During the design phase
of the game, it was hypothesised that landmarks may play a role in navigational
performance. Subsequent work by the authors provide evidence this (Emo et al., 2012;
Grzeschik et al.,, 2019). The original game was designed based on a rigorous
framework of controlled landmark conditions in order to further explore the role of
landmarks in navigation. Hence, not only the spatial layouts of levels, but also
landmarks were designed to help people find their way. The landmarks were defined
and created previously by the game company Glitchers Ltd. with the help of academic
researchers. Researchers defined both global and local landmarks, as well as salient

and less salient landmarks. Therefore, the game is not only valid because of above-
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mentioned health-related reasons, but it is also essential as it can be used to analyse

the effect of different landmark conditions.
4.3 Collection of the data

As mentioned previously, the game consists of 75 levels. These are large-scale VEs in
which participants cannot see the destination from the start point, except in the first
level. All levels have different spatial layouts, except for five levels where the same
layout is repeated and conditions are changed. Participants are asked to complete
three different tasks (see Figure 8). At the beginning of the wayfinding levels, players
first see a map that includes their specific locations and the goal locations that they
should reach. The map then disappears, and players need to navigate a boat in the VE
while they look for a sequence of destinations. In the path integration levels,
participants are asked to find a flare and shoot it back toward the starting point as the
purpose of the second task is to determine how well players can work out the direction
they have travelled. Finally, as a third task, players chase a sea creature and take a
picture of it in the chase levels. This task was intended to gauge people’s familiarity
with game playing (Coutrot, Silva, et al., 2018). In this thesis, wayfinding levels were
considered, since the aim of this study is to explore the impact of different conditions
on people’s wayfinding performance. In the wayfinding levels, people saw a map first
(that is, the allocentric view), then closed it, navigated the boat in different virtual
environments and looked for the goal locations (using the egocentric view).

the flare back to the

e

Wayfinding level Path integration level Chase level

Figure 8: Sea Hero Quest (SHQ): the three tasks participants are asked to complete (Image source:
Glitchers Ltd.)

Five different environments were designed: arctic rivers, golden shores, mystic
marshes, kano reef and high rollers (Figure 9). In these different environments,

different environmental components (e.g. landmarks) were used.

People used three commands to move the boat: tap right to go to right, tap left to turn
left and swipe up to speed up. Between levels, participants were asked to answer

guestions as follows:

88



O

O

What gender are you (male / female / other)?

How old are you (open ended question)?

Which country do you live in (selection from a list)?

Which hand do you write with? (left/right)

What's your education level? (no formal education / high school / college /
university)

What's your daily travel time (less than 30 minutes / 30 minutes — 1 hour / 1
hour or more)

How good are you at navigating? (very good / good / bad / very bad)

How much sleep do you get on average each night? (1-16 hours)

What environment did you grow up in? (city / suburbs / rural / mix)

The questions were all optional and people could proceed to the next levels without

answering them.

Memorise the map se the map Memorise the map

d the

Arctic Rivers Golden Shores Mystic Marshes Kano Reef High Rollers

Figure 9: Five themes designed for SHQ: above, the environments people see while playing the game and
below, the maps — clear or obscured — they view before starting the game

The results were collected by the game company as soon as people completed a level.

If people were offline, then the data was stored on their device and sent when they

were online again.
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4.4 Data sharing

Participants’ results were collected by the game company and the first results from 2.5
million people were shared with UCL, and these were then shared with other schools
working on SHQ. The dataset was stored within the UCL firewall on a Structured Query
Language (SQL) server and it was accessed via a web portal with a secure log in. Dr
Nick Dalton and Sam Noble (both from the Computer and Information Sciences (CIS)
department, Northumbria University) accessed the server and converted the data from
Java Script Object Notation (JSON) to ‘.csv’ files, which are not publicly available yet.
This data included the participants’ trajectories and duration (the time taken to

complete each level). Survey results were also collected using the same approach.

The layout of the levels, on the other hand, was obtained from one of the researchers
of the game (Professor Ruth Conroy Dalton). This data was in .png format and the
navigable spaces were shown in white whereas the land was shown in black. Similarly,
the conditions of the levels were also received from the researchers as an excel file
(Appendix Table A 1).

4.5 Analysing the data

As previously mentioned, this study explores the existing layout and existing landmark
definitions to see how well they explain people’s wayfinding performance. Figure 10
outlines the overall method followed in this thesis. In consideration of the discussions in
the literature review, landmarks are analysed based on their location, visibility and
saliency. To be consistent with the literature about visibility of landmarks, in the game
levels, global landmarks were defined as objects that could be seen from a great
number of vantage points while local landmarks were defined as landmarks that could

be seen from nearby.

For landmark saliency, one of the fundamental definitions in the literature, Sorrows and
Hirtle’s (1999) three-tiered definition (mentioned in Section 3.5) is used. Hence,
structural, visual and cognitive characteristics of landmarks are explored. The
researchers of SHQ evaluated landmark saliency based on the visual characteristics of
objects, independent of the context. Hence, first, the saliency description that was used
in SHQ is considered and the sufficiency of this description is explored. As a further
step, all characteristics of landmarks are measured, and the visibility and saliency of
landmarks are analysed. The location of landmarks, on the other hand, is analysed
based on their relationship with participants. Hence the intention is to focus on
landmarks that are close to the observer, and landmarks that are further away from the

viewer during the game. Visibility and location of landmark (structural characteristics)

90



are analysed as a part of saliency in this study, since they can be considered to be a
part of saliency.

Environment-related data is analysed under three headings: spatial comparison (Space
syntax analysis), complexity of layouts and level comparison. Finally, participants’
performance is compared based on the time they took to complete wayfinding tasks as
well as the length of path they followed.

Figure 10: Overall method of the thesis

4.6 Trajectories and duration

In addition to the duration to complete a wayfinding task, the trajectories are also
measured to see the distance that participants covered in each level. Data about the

players’ trajectories are collected on a grid every 0.5 seconds by the game company
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(sampling rate: Fs = 2 Hz.). The origin of the coordinate system is at the bottom left of
a grid, and x increases with movement to the right and y increases vertically.
Furthermore, the orientation of participants is also recorded in 16 discrete steps for
every 22.5° (so for example north was coded as 0°, east was coded as 90°, south was
coded as 180°, etc.). This data is also a part of the coordinate system, and was defined
as r (so trajectory data included x, y and r data).

The coordinate information is also recorded in an SQL database and the information is
converted to a .csv file. The trajectory lengths are calculated based on the coordinate
information of participants (Coutrot, Schmidt, et al., 2018; Coutrot, Silva, et al., 2018).

The trajectories are then used to determine a difficulty score for each level using the

following equation:

median(trajectory length) — min(trajectory length)

Difficul =
ifficulty Score min(trajectory length)

Equation 8. Difficulty score calculation by using trajectories

Accordingly, the difficulty score is determined by subtracting the minimum trajectory
length from the median trajectory length, and then normalising that value with the
minimum trajectory length. The underlying reason here is to normalise the difficulty
score by the size of each level, in order to avoid having big difficulty scores just
because of the relatively larger size of the level. Min(trajectory length) represents the
length of the ‘optimal’ trajectory (the trajectory people would follow if they do not get
lost). Hence, “median(trajectory length) — min(trajectory length)” shows how far the
median performance is from being optimal. By using this formula, a score is calculated
for each level. Hence, a higher difficulty score means that the level was more
challenging for people and the difference between the maximum and the minimum
trajectory length was greater. In contrast, a lower value shows that the difference
between the lengths of trajectories was not high and the level was not too hard to
complete. Difficulty score was used as one of the dependent variables in the statistical

models.

Similarly, the time taken by participants to complete levels was also obtained. In order
to correct the results with people’s gaming abilities, the time taken by participants to
complete levels was divided by the time taken by participants to complete the first two
levels, which were the training levels. Duration was included as another dependent

variable in the statistical analysis.
4.7 Spatial analysis of levels

In order to understand the factors that affect people’s wayfinding performance, the
spatial layouts of levels were analysed. As mentioned previously, the layouts were
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collected from one of the designers of SHQ as .png files (please see the second image
of Figure 11 for an example). This data was used to analyse the environments.
Accordingly, Space syntax measures were used in addition to complexity measures in
order to analyse the environments objectively and to be able to compare results
between levels. To perform Space syntax analysis, Depthmap X 0.50 software was
used and axial maps were automatically created with the software through the use of
fewest-line maps. Similarly, VGA was automatically calculated in the same software.
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Figure 11: Process of creating segment maps (level 46 is used as an example): 1. the maps presented to
participants in which the arrow shows the start point and the numbers represent goal locations, 2. the .png
version of the layout obtained from the game’s designers, 3. edges of the environment defined by points,
4. voronoi polygons were created, 5. segment lines were defined using voronoi regions 6. the layout and
the segment map.

As there were no road-centre lines in the game environments, an unusual method was
used to create segment maps in the canal-like environments. As a first step, the edges
of navigable spaces were defined with points in ArcMap and then voronoi polygons
were created using the points. In voronoi polygons, each location within a polygon was

closer to this point in this polygon rather than any other point. Hence, these polygons
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were used to define segment maps and the edges of voronoi polygons shaped

segment lines (Figure 11).
Some principles were followed to create segment maps:

o Try to define the layout clearly,

o Do not define the edges of environments if voronoi lines are shorter than 10
metres,

o Add additional points randomly if no edges are defined within the navigable
spaces (this happened only when there were long straight patterns).

Once the segment maps were created, analyses were computed for both axial and

segment maps including:

o Connectivity,

o Number of lines (for axial maps),

o Global (radius- r:n) and local (r:2,3,5,7) integration,

o Global (r:n) and local (r:2,3,5,7) choice and normalised choice,

o Alllines integration and choice (r:n, 2, 3, 5, 7 for axial maps),

o Intelligibility (for axial maps),

o Metric reach (10, 25, 50, 75 and 100 metres”),

o Directional reach (10°, 0 and 2 direction changes and 20°, 0 and 2 direction

changes).

Visibility graph analyses (visual integration and visual connectivity) were also computed
in Depthmap X (Varoudis, 2014; Turner & Friedrich, 2011), and visual intelligibility and
isovist analysis were performed. To perform isovist analysis, a 90° isovist view was
used (as the camera in the game used a similar angle — 80°) and the visible area from
the start point was measured. The ratio between the visible area from the start point

and the whole navigable space was calculated and added as another measure.

'3 Measures that are used for metric reach depend on the purpose of the study. It can be 400,
800 or 1600 metres for walkability studies, for instance, as the values represent 5, 10 or 20
minutes of walking distance respectively (Institute of Highways & Transportation, 2000). In this
study, the values were selected based on the scale of the environments.

* As mentioned previously, direction changes influence spatial cognition as they are an aspect
of configurational complexity, and direction changes are related to pedestrian movement
(Peponis et al., 2008). Hence, as mentioned by Turner (2000), it gets harder to find locations
when the angular separation is higher. In this study, directional reach was computed for 0 and 2
direction changes subject to 10° and 20°, as the threshold was low enough to analyse the street
sinuosity sensitively. Having O direction change was useful to see the effect of linearity, and
having 2 direction changes was selected based on the findings of an earlier study, which
mentioned that integration computed for 2 direction changes can be a better predictor of
movement than integration computed for more direction changes (Hillier, 1996b).
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Using segment maps, complexity was also analysed with numerous measures.
Average segment length, minimum segment length and total segment length were
measured and added to the data table. The shortest realistic route (the metric shortest
route with respect to the order of checkpoints), number of dead ends and the SNE,
calculated using Shannon’s entropy description, were also measured for each level. In
addition, the number of decision points (intersections) and number of checkpoints,
which varied between one and five, participants should find for each level, number of
circular spaces and the area of the total navigable space were calculated.

To calculate SNE, segment lines were used and the Douglas-Peucker algorithm (1973)
was used to simplify the line made of the connected segments. For all game levels,
maximum offset tolerance was used between the original and the simplified line of
three pixels. The entropy of the orientation distribution of the game levels’ segments
were then computed with Shannon’s entropy formula. The space was divided in 36 bins
(1 bin is 10° wide), and each bin was a “subset” in the formula. Hence, if there was an
equal probability for each bin to contain a segment, the entropy was very high (hard to
predict in which bin the segments were). If all the segments were in the same bin (i.e.

have the same orientation), the entropy was very low.
4.7.1 Conditions of levels

In order to use the conditions as measures in statistical analysis, all conditions were

coded as follows:

o Weather condition: if the environment was foggy or the water had waves, it is
coded as “0” and if the weather was clear and the water flat, it is coded as “1”.

o Map condition: if the map was obscured, it is coded as “0” and if the map was
clear, it is coded as “1”.

o Global landmark condition: if the environment included no global landmarks, it is
coded as “0” and if it included global landmarks, it is coded as “1” (all
environments included local landmarks except for the environments with “no
landmarks” condition).

o Landmark condition (saliency): if there were no landmarks in the environment it
is coded as “0”, if there were hard (less salient) landmarks only it is coded as

“1” and if there were easy (salient) landmarks, it is coded as “2”.
4.7.2 Levels with the same layout

Another aim of this research is to investigate the impact of different weather, map and
landmark conditions. SHQ is a good case study to make this comparison, since there
are five levels with the same spatial structure. Levels 13, 22, 36, 51 and 66 of the

game, in which the layout and checkpoints are exactly the same, were used to analyse
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the impact of conditions. Table 1 displays the conditions within the five levels and the

image of the map on the row for level 13 shows the layout of these levels. As

mentioned before, all these different conditions were defined by the researchers of the

game, specifically by Professors Ruth Dalton, Christoph Hdlscher, Jan Wiener and

Hugo Spiers. In the five levels that are used in this study, there are no global

landmarks that can be seen from many angles and points, and the environments

include only local landmarks that can be seen from close up. Weather conditions vary

between clear, in which visibility is high, and foggy, in which it is harder to see

environmental clues and destinations as the visibility is low. In addition, the map

condition varies from normal, in which the map is easily read, and obscured, in which

the layout cannot be seen clearly, although the goal locations can still be seen.

Table 1: The five levels where the same spatial structure was used and conditions of levels were changed

Image of the

Image of
Level Theme | thetheme | Difficulty | Landmark | Global Weather Map
13 | Arctic Easy Easy No Clear Normal
Rivers
22 | Golden Easy Easy No Clear Obscured
Shores
—,._._IMT:_
36 | Mystic RO Easy Easy No Fog Obscured
Marshes
51 | Kano Easy Hard No Clear Obscured
Reef
66 | High Easy None No Waves Obscured
Rollers

As shown in the table, level 13 has the easy landmark condition, clear weather and a

normal map. Level 22 has the same landmark and weather conditions; however, the
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map of this level is obscured. Level 36 also has obscured map and easy landmark
conditions, but this level has foggy weather. Level 51 has similar conditions to level 22
as it also has clear weather and an obscured map; however, landmarks of this level are
less salient and less accessible, so it has the hard landmark condition. Finally, level 66
includes an obscured map just like levels 22, 36 and 51. Moreover, two conditions vary
in this level; landmarks and weather. There are no landmarks, and the canal is wavy so
that the visibility changes constantly. Hence, the effects of these different conditions as
well as the combined impact of conditions can be analysed through the use of these

five levels.
4.7.3 Cluster analysis

In order to better understand the impact of different landmark conditions, levels with
similar layout properties are analysed. For this purpose, a cluster analysis is
conducted. Both the Space syntax tool (Hillier & Hanson, 1984) and complexity
measures are used. Levels that have similar values were gathered and a more
comparable system was created through the use of clusters (see Figure 12; also see

Appendix Figure A 3 to see two-dimensional scaling).

Results of the cluster analysis were checked for both global landmark and salient
landmark conditions. The levels with same map and weather conditions and that differ
only in the global landmark condition or saliency condition, were selected to make a fair
comparison for landmark investigation in the following chapters (see Table 2). Based
on the factors described, levels 3 and 13 were selected to see the impact of global
landmarks, whereas levels 31 and 32 were selected to see the impact of the saliency of
landmarks. Levels 46 and 56 were also in the same clusters and they had same
conditions, except the global landmark condition. However, in level 56, participants
experienced “obstacles” for the first time, which could cause a dramatic change in
performance. Hence, these two levels (levels 46 and 56) are not included in the study
and the former levels, 3 and 13, are used. Levels 61 and 62 also had the same
conditions, except the salient landmark condition, and they were located in the same
cluster; however, in these levels the wave condition was introduced to participants, for
the first time in level 61. As this would also affect performance, these two levels are not
considered in this study and only levels 31 and 32 are thought to be levels that can be

used to explore the impact of salient landmarks.
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Figure 12: Constellation plot shows the result of the hierarchical clustering. Five clusters are shown with
different colours and marks.

Table 2: Attribute table of levels 3 and 13 and levels 31 and 32.

Level Theme Landmarks Global Weather Map
3 Arctic Rivers Easy Yes Clear Normal
13 Arctic Rivers Eas No Clear Normal

4.8 Landmark analysis

The researchers of SHQ defined salient landmarks as mentioned above. While doing
this, four researchers (Professors Ruth Conroy Dalton, Christoph Holscher, Jan
Wiener, Hugo Spiers) evaluated landmarks using images where the landmarks had
been cropped from their original background. They created a matrix in order to decide
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salient and less salient landmarks (see Table 3). Salient landmarks were defined as
visually salient objects (Sorrows & Hirtle, 1999) located at accessible points, and less
salient objects refer to visually salient or less salient objects located at segregated
points. Global and local landmarks were also defined by the researchers and the
landmarks were designed by the game company using the definitions provided by the
researchers. Global landmarks were defined as objects that can be seen from many

angles, whereas local landmarks were defined as objects that can be seen from a
limited area.

Table 3: Saliency of landmarks by the definition of the researchers

Large & Salient Landmark | Small, Less Salient Landmark

High Spatial Integration Best Average

Low Spatial Integration Average Worst

Consistent with the literature, this thesis aims to analyse landmarks based on their
visual, structural and cognitive characteristics (see Figure 13). For visual saliency,
saliency algorithms are used and experts’ and non-experts’ saliency evaluations are
compared. For structural saliency, the locations of landmarks are considered as well as
the visibility of landmarks, since higher visibility would mean that a landmark could help
someone to find his/her position or orient himself/herself from many angles. In order to
test the results of the visibility of landmarks, a survey is also conducted. Cognitive

saliency, on the other hand, is explored using personal saliency evaluations via another
survey.

__--= Survey (non-experts)

—--= Survey (experts)

o <o -~ DeepGaze Il
4 “---= . Saliency algorithms
“--+={ Gbvs
/ ---= Close to the observer
: __.--=Location of objects
Saliency ) = ---=  Further away from the observer
. ==+  Structural
i = ---+=Landmark visibility along the route
\ “---=-. Visibility (global/local)
—-+= Survey (non-experts)
[ = Number of words
“m=_.  Cognitive > Personal saliency evaluations -= Order of descriptions

---------- = Most frequent words

Figure 13: The criteria used to explain visual, structural and cognitive saliency in the thesis
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The following subsections explain the methodology used to analyse visual, structural

and cognitive saliency in detail, as well as introducing the procedures and participants.
4.8.1 Procedures

For all of the mentioned characteristics of landmarks, a survey was conducted and the
procedure followed for each survey was similar. To explore visual, structural and
cognitive saliency, the same levels (levels 31 and 32) are used, where the spatial
structures are similar, the theme and the conditions associated with global landmarks,
weather and map are the same, and only the landmark saliency differs (see Figure 14).
Level 31 had the easy landmark condition and level 32 had the hard landmark
condition, as defined by the researchers of SHQ. Easy landmarks are visually and
structurally salient landmarks. As Sorrows and Hirtle (1999) defined, they can be
differentiated from their surroundings by their visual characteristics, such as colour,
shape or size, and they are placed at integrated locations, for instance, at intersections.
Hard landmarks are visually less salient landmarks or salient landmarks at segregated

places, such as dead ends.

For the survey studies, participants were asked to focus on environments and not to
consider their spatial performance. Hence, for each level one video was recorded in
which a boat navigated through the environment, all goal locations were found and an
optimal path taken. The length of each video was between 60 and 90 seconds, and it
was at 750x1334 pixel resolution on a screen size of 5.44 inches (138.3 mm) height by
2.64 inches (67.1 mm) width. The video was converted to silent mode as the noise
could distract participants.
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Figure 14: Layout of levels 31 and 32 and position of landmarks: screenshots were taken from the start
points of level 31 (above) and 32 (below) and the start points, checkpoints, and final checkpoints are
shown on the maps

All previously designated landmarks in each level were used in the saliency studies
since any of these could help people navigate within the environment. Visual
characteristics of landmarks include colour, size, shape and material. Structural
characteristics, on the other hand, include the location or visibility of landmarks; that is,
landmarks seen clearly from a shorter distance versus those that fail to be recognised
clearly due to increased distance. For level 31, nine landmarks, and for level 32, seven
landmarks were used. In order to create the online survey, Google Forms was chosen

101



among other online survey pages, as it allowed us to randomise questions, and upload

videos and images for free.

Before starting the survey, participants were provided with project information and an
informed consent form. The consent form and the procedure were approved by
Northumbria University Ethics Committee (Submission ID: 7939). Then participants
were asked to answer demographic questions (age and gender). They were informed
that they could leave the survey at any time and the results would be anonymous. As
they answered questions and moved to the next page, they were able to start the
videos using the play button. Information about the video was inserted on the top of the
video, which stated that participants should view the video in order to answer the
questions. They were instructed: “In this study, you will be asked to watch two videos
that have been recorded in a virtual environment. In these environments, you will see a
boat navigating through a canal/river. The boat will travel to a series of destinations.
Please watch these videos and pay attention to the landscape through which the boat
is moving.” During the video, all checkpoint destinations were found in sequence and
when the task was completed, the video stopped. Then participants were asked to

complete the questions about the first video.

For visual and structural saliency evaluations, participants were shown images to
evaluate the landmarks; however, they were not shown any images for the evaluation
of cognitive saliency, as the aim of this part of the survey was to clarify which objects
participants could remember better. For visual and structural saliency, once the video
had stopped, participants were asked to view the images that had been taken from the
video for each landmark (see Figure 15 for an example). They saw all the landmarks
related to level 31. In one of the images, the transparency of the background was
increased so that the landmarks could be seen clearly, and in the second image,
participants viewed the image just as it was in the video. All images belonging to the
same level were positioned on one page (centre-aligned) and the image size was

550x680 pixels. The order of the pictures was randomised across participants.
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Figure 15: A landmark image is taken from the video of level 31. While ranking the visual and structural
landmarks, participants viewed objects both with a transparent background (left) and as they were in the
video (right)

Once they completed the questions for the first video (that of level 31), they followed
the same procedure for the second video (level 32). The video order was not counter-
balanced to match to the game experience. When participants had completed the
questions for the two levels, they were presented with a page that notified them that the
survey was complete, and they submitted their results by using the “submit” button.
None of the questions, except the ones about their agreement on data protection and
the procedure, was mandatory.

4.8.2 Visual saliency

Visual saliency was first analysed using a survey similar to those used in previous
research (Wenczel et al., 2017; Von Stllpnagel & Frankenstein, 2015) and participants
followed the survey steps described above (see Appendix Table A 2 to see the details
of the survey instructions). Survey results on visual saliency could be closely related
with cognitive salience as well; however, cognitive salience was beyond the scope of
this part of the study. Hence, participants were asked questions to identify visual
saliency only. Previous literature argued that people’s attention level is lower when they
complete a passive wayfinding task (Afrooz et al., 2018). However, other research
stated that no difference was observed between active and passive navigators (Wilson
et al., 1997). Based on the findings of the latter research, people were asked to explore
the environment without completing any navigation task. Moreover, they were also

directed to pay attention to the environment.
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When participants (non-experts) viewed the images, they were asked to rank the
landmarks (Appendix Figure A 4) on a 5-point Likert scale, from highly noticeable to

unnoticeable.®.

Before the online survey was released, a laboratory survey was held with 25
architecture students at Northumbria University. The purpose of the laboratory study
was to control the online survey and to better understand whether or not participants
were distracted during the online survey. The sample size was limited to 25 students,
which represents 10% of the total number of participants. Participants were invited to
the laboratory one by one and were asked to connect via their email addresses,
through which they started the survey. After completing the laboratory survey, the
online survey was released and participants were recruited online via a range of social
media channels. The procedures and format of the online survey and laboratory survey

were the same.

Four experts evaluated landmarks during the design process of the game as well.
Experts in navigation studies, who had worked in wayfinding or navigation fields for
over ten years, were selected from different disciplines (architecture, psychology,
cognitive science) and different universities. As mentioned before, while evaluating the
landmarks, experts viewed them on a white background and evaluated them out of

context, rather than viewing them in their final game-environment context.
4.8.2.1 Objective saliency measurement

To explore visual saliency objectively, on the other hand, both Harel et al.’s (2007)
method and DeepGaze Il (Kimmerer et al., 2016) were used. Having run the analysis
and examined the results of Gbvs and DeepGaze I, both sets of results seemed to
intuitively capture some aspects of what makes a landmark salient. To be able to
compare the saliency of objects, regions of interest (ROIs)™ were used. In this study,
boundaries of landmarks were used to define the regions (with rectangles). However,
as the size of objects varied, the size of the ROIs also varied. Hence, the mean values

inside the regions were calculated to be able to compare the saliency values.

'* Rather than using the term “saliency”, the term “noticeability” is preferred to make it easier for
participants to understand and answer the questions.

16 Region of interest means a selected area within a dataset that is identified for a purpose. So
different rectangular areas were defined for each landmark, which is why the average values
were calculated for each ROI. Where the ROI included a large amount of background image,
multiple contiguous ROIs were used and the values produced were averaged. In most cases,
the area included hardly any background information.
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Arch Big stone Trees Castle Grass

Tree stump Toadstools Small stone Plant

Figure 16: Screenshots from level 31, which consist of all landmarks that were used for the survey. Only
images with transparent backgrounds are shown here rather than two images for each landmark.

In order to test whether there is a correlation between survey analysis and objective
saliency measures, the same images used in the survey study were used in models
(Figure 16). The objects were kept at the same distance for the screenshots and all
objects were included in each level, as they were in the survey. The top part of the
images, where the results of participants’ performance could be seen, was cropped, as
was the boat, so that they did not have any impact on saliency scores (Figure 17). In
addition, in DeepGaze Il, images were rotated by 90° to become a landscape image as
the DeepGaze Il algorithm is trained with landscape images. However, in the Gbvs, the
analysis was unaffected by orientational effects. As DeepGaze Il was trained with
images of size 1024x786 pixels (Kimmerer et al., 2016), images in this study were

resized to have the same ratio.
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a. b. c d.

Figure 17: Objective measurement of saliency for level 31. Images from left to right: a. a screenshot from
the game with the boat; b. an image with the boat excluded; c. Gbvs analysis; and d. DeepGaze Il
analysis. Both objective analyses were run in landscape orientation and only shown in portrait orientation
to show the relationships. In image c., warm colours around the castle and toadstools indicate areas of
high saliency and in image d., dark blue around the castle and trees indicates areas of high saliency.

The saliency map of the image of each landmark was computed with the two saliency
models. To see the saliency maps, please see Appendix Figure A 5, Figure A 6, Figure
A 7 and Figure A 8. Maps for DeepGaze Il were prepared using a webpage
(https://deepgaze.bethgelab.org/) and the Gbvs model was computed in Matlab
(Mathworks, Natick, USA).

4.8.3 Structural saliency

As the descriptions of global and local landmarks are about the visibility of landmarks
(Castelli et al., 2008; Lynch, 1960), and as the previous research used a similar
approach (Bhatia et al., 2013), in this study, landmark visibility is used to define global

and local landmarks.

When people completed playing a level of the game, their result was sent to the game
company automatically and all results were collected this way. During the data
collection, players’ paths were collected on a grid twice every second (so every 0.5
seconds) this way. The percentage of the journey time when the landmarks were
visible was recorded for each landmark and for each participant, which made SHQ a
great case study for investigating landmark visibility. Hence, it was possible to see the
periods when the landmarks were visible for each participant. The data was stored as
SQL data, and a program was developed in Java by Sam Noble from Northumbria
University, CIS department, to convert the SQL data to .csv files, based on different
gueries (Figure 18). Rather than using all performance data, the first 10,000 results
were imported using the program to make the download process faster. A hundred

results were selected randomly for each level from this dataset.
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Figure 18: Output of Java program showing the landmark visibility for each participant. On the right, the
dark grey squares, each representing 2% of journey time, show when the landmark is visible. On the left,
the demographic and performance information of the participant can be seen.

In order to control the results of the visibility study, an online survey was also
conducted (Appendix Table A 3). The details of the procedure of the survey study is
explained above in the procedures section. In addition to this procedure, participants
were introduced to global and local landmark definitions before they started watching
the videos. When they watched the videos, they were shown screenshots of each
landmark taken from the video (the same images used in visual saliency study). Finally,

they were asked to define each landmark as either a “global” or a “local” one.
4.8.4 Cognitive saliency

For cognitive saliency, an online survey was completed again (for the survey
instructions, see Appendix Table A 4). In the survey, people were instructed to watch
the recorded videos and then were asked: “Which objects or landmarks did you see in
the video? Please name them and describe each of them in a couple of sentences (you
can mention anything that comes to mind about them).” The question was deliberately
open ended; therefore, participants could describe the game’s objects or landmarks in
the way they would like. Only native English speakers were selected for this study so

that the answers would not be affected by any language issues.

Survey results were downloaded as .csv files and they were first analysed with NVivo

software to calculate word frequency. This method was chosen as it gives a fast and
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rough idea of dominant keywords. Words that did not refer to a landmark in this
context, such as boat, buoys, stars that indicated a participant’s performance, were
excluded. In addition, synonymous words, like hill and mound, as well as identical ones
in different grammatical forms, such as tree and trees, were categorised together and
then the words’ frequency in the text was used to visualise words in a cloud form.
Second, the comments were read and the number of descriptions and different
explanations used for each object were analysed, similar to the way described in the
literature. Finally, the order of mentions was analysed, as it is expected to see
cognitively more salient objects to be mentioned before other objects.

4.9 Participants and dates

The number of participants attending the studies varied. For the first analysis chapter of
the thesis, “Analysing the levels of SHQ”, the intention was to analyse all 45 wayfinding
levels of SHQ. For the first part of the first study, difficulty scores are used to
understand the relationship between performance and the layouts. For the second part
of this study, the first two wayfinding levels were excluded from the study as they were
practice levels, and the environments were not relatively large-scale environments.'’
Next, levels with unexpected obstacles necessitating an alternative path were also
excluded as they would make changes in participants’ performance independent from
the environment; thus levels 56, 58, 67 and 72 were excluded. The results were
recorded in seconds. Any results from participants playing the same level more than
once were also excluded from the study; hence, each participant’s first attempt was
used for each level. In addition, any results from people aged over 70 were excluded

from all analyses conducted in this research.

The total number of results collected from all wayfinding levels from participants who
answered demographic questions is 15,873,128. When the results of the first two levels
and those with obstacles, and the results of people aged over 70 are excluded,
11,848,523 results remain. These results are from 1,242,329 participants, including
532,722 female, 709,316 male and 291 other (preferred not to say) participants aged
between 18 and 70 (Table 4).

7 In the first level, specifically, participants could see the goal location from the origin.
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Table 4: Conducted studies, dates, and demographic information of participants

Chapter Study | #of results #of Female Male Other Age Date (for
people particip. particip. particip. survey)

Analysing Study- 11,848,523 | 1,242,329 532,722 709,316 291 | 18-70

the levels | I-Part-

of SHQ Il

Analysing Study- 98,490 19,698 9,192 10,504 2 | 18-70

the levels | Il

of SHQ

Analysing Study- 1,388,974 694,487 299,876 394,422 189 18-70

the levels | llI

of SHQ

Visual Study- 251 165 84 2| 18-70 March

saliency [ 22" April
5" 2019

Structural Study 100 51 (level 49(level 18-70

and -I: 31), 38 31), 62

Cognitive Java (level 32) (level 32)

Saliency

Structural Study 70 44 22 4 | 18-70 | May 18"

and -l May 21

Cognitive 2020

Saliency

Structural Study 32 10 21 1| 18-70 | December

and Il 525"

Cognitive 2019

Saliency

For the second study of the “Analysing the levels of SHQ”, the same layout was used

and the impact of different conditions was explored. The total number of results

collected from five levels with the same layout was 1,382,053. However, as there were

players who did not play all five levels, the results of those participants were excluded

from the study (n=1,277,628). The duration data from the first two wayfinding levels

were also included the study to normalise the duration based on the gaming abilities of

participants. The results from participants who did not answer demographic questions

were also excluded (n=2,230). Finally, the results from participants aged over 70 were

also excluded (n=3,705). Consequently, 98,490 results that were collected from

participants for the five levels were used. The total number of participants was 19,698.

They were aged between 18 and 70, and the number of male participants was 10,504,
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the number of female participants was 9,192 and number of participants who selected

“other” was 2.

In the third and the last study of the first analysis chapter, the impacts of global
landmarks are examined using similar layouts and the same conditions. The total
number of results collected from levels 3 and 13 was 2,038,776. However, the results
from people over 70 (n=95,927) and results of players who played only one level
(n=553,875) were excluded from the analysis to make a fair comparison. The number
of participants who played the two levels was 694,487. The number of female
participants was 299,876 and the number of male participants was 394,422 while 189

participants selected the “other” option.

For the second analysis chapter, “Saliency of landmarks: visual saliency”, the number
of participants who took part in the survey was 254, including 25 people who attended
the laboratory survey. The results of two participants were excluded from the study as
they were over the age of 70. Additionally, one participant who answered only
guestions about the first level (level 31) was also excluded, so that only the results of
the participants who completed questions about both levels were used (n=251).
Eventually, 165 female, 84 male and 2 other (preferred not to say) participants aged

between 18 and 70 took part in this study.

For the first study in “Structural and cognitive saliency”, which was about structural
saliency, results from 100 participants between 18 and 70 were used to measure the
visibility of landmarks during game playing. This number included 51 female and 49
male participants in level 31; 38 female and 62 male participants in level 32. On the
other hand, 70 people participated in the survey, including 22 male and 44 female
participants, while 4 participants preferred not to give gender information. All
participants were aged between 18 and 70.

For the second study in the same chapter, the cognitive saliency study, 32 people aged
between 18 and 70 completed the survey, including 21 male, 10 female and 1 other

participant who preferred not to give gender information.
4.10 Summary of the chapter

This chapter describes the methodology used in this study. This is followed by the
analysis chapters, where the gaps in the literature are investigated using a series of
analyses. While doing this, first all of the measures that affect people’s wayfinding
performance are discussed. Then, the impact of conditions is investigated in detail. As

a last step, landmarks are investigated using the categories defined in the literature.

110



ANALYSING THE LEVELS OF SHQ

111



5 ANALYSING THE LEVELS OF SHQ

5.1 Introduction

Wayfinding studies aim to explore the environmental factors influencing purposeful and
goal-directed movement, and to observe the influence of different elements, such as
the number of decision points (Arthur & Passini, 1992; Raubal & Egenhofer, 1998), the
spatial integration values of street networks (Hillier et al., 1993; Kim & Penn, 2004) or
connectivity measures (Ozbil et al., 2016, 2015). There are numerous studies on
wayfinding and associated environmental factors, and this subject is of great interest to
urban planners and designers. In this chapter of the thesis, the effects of various
spatial factors on the wayfinding performance of participants are analysed. In the first
study, wayfinding levels of SHQ are introduced to the reader. All wayfinding levels are
described and considered alongside participants’ results. Moreover, correlation
analysis is used to show the relationship between the variables. Statistical analysis is
used to explain how people’s wayfinding performance relates to complexity and Space
syntax measures. In the second part of the study, the impact of different conditions,
including salient landmarks, is analysed. In the third study, the effects of global

landmarks are analysed.

In the first part of this chapter, wayfinding levels of SHQ are introduced and the layouts
are analysed in detail. The differences between levels are visualised using the
complexity and Space syntax measures introduced in the previous chapter. Here, a
general picture is drawn for the reader; hence, all the measures discussed in the
methodology section as well as the conditions associated with weather, maps and
landmarks are used in this chapter. In the first part of the study, environmental
measures were compared with the difficulty scores. In the second part of the first study,
the time taken by participants to complete levels was used to explore the relationship in
detail. In the second study, different weather, map and landmark conditions are
analysed. And in the last part of the study, the global landmark condition was examined

using two levels of the game.
5.2 Study-I
5.2.1 Part-1 — Analysis

As mentioned previously, in this first part of the study, SHQ levels are introduced to the

reader. Although SHQ has 75 levels, only the 45 wayfinding levels are used in this
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study. Figure 19 shows the wayfinding layouts of SHQ, including their checkpoints and
any obstacles present. As the same layout was used for levels 13, 22, 36, 51 and 66,
and these levels differed in their landmark, weather and map conditions, 41 layouts are
displayed in the figure. In the images, “0” represents the start point and the numbers
refer to the order of the checkpoints. Obstacles, represented by a cross, show where a
wall suddenly appears in front of the participants while they are navigating. Therefore,
at these positions people need to change their direction to reach the next checkpoint.
As it can be seen from upper part of the figure, layouts were designed using different
patterns (radial, organic, grid etc.) for variety. As described previously, researchers
aimed to have simpler layouts in the beginning and designed them to become gradually
harder to navigate. The difficulty of levels is shown in the lower part of the figure and
levels are sorted based on the difficulty score (Section 4.6). Based on the game’s
design process, it is expected that the last wayfinding levels are the hardest and the
first are the simpler ones. Even though it cannot be claimed that there is a gradual
increase in the complexity of layouts, it can be seen that highest levels of SHQ are
harder for people to complete than the lowest levels. Considering path lengths, levels
61, 68, 73, 71, 62 and 43 are the hardest levels of SHQ since they have the highest
trajectory length ratios, while levels 3, 1, 16, 17, 6 and 2 are the easiest. This
demonstrates that researchers succeeded in designing levels with a gradual increase

in complexity.
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Figure 19: Layouts of all wayfinding levels (with checkpoints and obstacles) in SHQ and the difficulty of
levels in ascending order

In order to clarify the analyses that are conducted in this study, different visuals are

prepared. Figure 20 shows the results of the axial analysis for three different levels of

the game. A gridded (level 58), an organic and more circular (level 68), and a more
complex (level 73) layout were selected for this visualisation. Axial choice (r:n), and
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axial integration (r:n and r:3) were selected, and the same numeric range was used to
compare levels easily. Warm colours represent higher values whereas cool colours
represent lower values. Hence, for instance, one can see that there are a number of
low-integrated lines in level 73 (dark blue lines), which suggests that the level includes
more segregated lines, compared to levels 58 and 68. Similarly, results of the global
axial choice indicate that level 73 has many lines with low preferability (dark blue lines
— they are not likely to be selected as a shortest route).

Legend

Axial Map

Std Choice (n)

—-1.266 - -0.948
-0.947 - -0.626
-0.625 - 0.566
0.567 - 1.261

1,262 - 1.989

Il Navigable Spaces

Legend

Axial Map

Std Ln (n)

—1.121--1.299
-1.298 - -0.494
-0.493 - -0.056
-0.055 - 0.482

= (.483 - 2.298

Legend

| | Axial Map

Std Ln (r:3)

—_1.121 - -0.951
-0.950 - -0.677
-0.676 - -0.486

| A -0.485 - 0.687

= — s R —(.688 - 2.623

Level 58 Level 68 Level 73

Figure 20: Results of the axial-based analysis for selected levels and measures (red lines represent the
highest value and blue lines represent the lowest value). Level 73 is rotated 90° anticlockwise in the figure.

Figure 21, on the other hand, shows the results of segment analysis (to see examples
of axial- and segment-based maps produced for this study please see Appendix Figure
A 1 and Figure A 2). For this visualisation, the same levels (levels 58, 68 and 73) were
used, and global choice and integration as well as metric reach (100 m) and directional
reach (20°, O direction changes) were chosen. Again, choice shows the potential of a
segment to be chosen as a shortest route. Therefore, warm colours have higher
movement potential whereas cool ones have a lower movement potential. Integration
shows the accessibility of the system and hence, red lines have higher accessibility
(they can be reached more easily from the rest of the system) while blue lines have

lower accessibility.
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Legend
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Figure 21: Results of the segment-based analysis for selected levels and measures (red lines represent
the highest value and blue lines represent the lowest value). Level 73 is rotated 90° anticlockwise in the
figure.

Directional reach demonstrates how far one can go by using 20° and 0 direction
changes from each segment. Hence, red lines show that one can go further with this
direction change (so it shows the linearity) and cool colours show that one can reach a
more limited area (so it shows the sinuosity). Finally, the metric reach of 100 metres
shows how far one can go from each segment by moving 100 metres. Hence, the
values increase if the density of the street network increases. It can be seen that the
central points have higher results, since more of the system can be covered from their
centres. Since all levels here are measured in the same way, the edge effect was not
considered, which is a possible problem in Space syntax analysis related to the

sensitivity to boundary conditions (Penn et al., 1998).
5.2.2 Results

As a next step, the correlation between variables is determined. Figure 22
demonstrates the resultant correlation matrix. Dark brown rectangles represent a high

positive correlation while dark blue rectangles represent a high negative correlation.
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Figure 22: Correlation matrix of the measures: brown indicates a positive correlation while blue indicates a
negative correlation between variables.

Difficulty is also added as another metric to the matrix so that the relationship between
difficulty and all other measures can be detected. Accordingly, the following measures
correlate positively with difficulty: metric reach (25 m: 0.72; 50 m: 0.68; 75 m: 0.64;
100 m: 0.64, 10 m: 0.54), number of decision points (0.72), number of axial lines (0.67),
number of circles (0.66), SNE (0.61), number of destinations (0.61), segment
connectivity (0.60), total segment length (0.54), area of navigable spaces (0.41) and
length of the shortest route (0.40). The results suggest that an increase in metric reach

(in other words, the density of the street network), the number of decision points, or the
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number of axial lines, for instance, might cause an increase in difficulty as determined

by the length of the trajectories.

On the other hand, other variables have a negative correlation with difficulty: axial
normalised local choice (r2: -0.53, r3: -0.51, r5: -0.49) and normalised global choice (-
0.47), weather condition (-0.51), isovist view (area of the viewable space from the start
point/all navigable area -0.42), average segment length (-0.40), segment-based local
integration (r:2, -0.38) and axial intelligibility (-0.37). These results suggest that an
increase in axial normalised choice, isovist view or average segment length can cause

a decrease in difficulty.
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Figure 23: The scatterplot of the least correlated measures and the distribution of levels (difficulty is
highlighted in grey)

The least correlated variables are also considered. Figure 23 shows the scatterplot of
the measures with a weak correlation, from -0.1 to 0.1, between difficulty and variables.
Density ellipses and the line of fit were also shown to highlight the relationship between

the variables. The points in the scatterplot represent levels. Surprisingly, a weak
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correlation is observed between difficulty and segment-based integration (r:n), visual
intelligibility, global landmark condition, maximum segment length, directional reach
(10°, 2 direction changes), map condition and all lines connectivity. Both all lines
connectivity (-0.083) and visual intelligibility (-0.014) have a negative correlation with
difficulty. Segment based global integration has a positive correlation (0.050), while
maximum segment length also has a negative correlation (-0.032) with the dependent
variable. Last three factors; directional reach 10°, 2 direction changes (-0.042), global
landmark condition (-0.030), map condition (-0.072) have negative correlation with
difficulty. No significant relationships were found between the variables. Hence, even
though literature pointed to a significant relationship between people’s wayfinding
performance and visual intelligibility, global landmark condition (Li et al., 2016; Lin et
al., 2012), directional reach (Ozbil et al., 2016) or map condition (Soh & Smith-Jackson,
2004; Devlin & Bernstein, 1997; Lobben et al., 2014), for instance, this relationship

could not be supported using the correlation matrix and scatterplots.
5.2.3 Part-ll - Analysis

In the first part of the study, all measures are used and the correlation between the
variables and the difficulty are explored. The second part of the first study aims to
understand the relationship between the environmental measures and wayfinding

performance statistically.

The standardised environmental measures are used in this part of the study as well,
since the measures are not measured at the same scale. Participants’ performance in
terms of duration is added to the data table. No outliers are detected since longer tails
can be expected in a wayfinding study. To see the relationship between performance
and the spatial layout and conditions, highly correlated variables were excluded first
and principal components analysis (PCA) was conducted in JMP statistical software
(SAS Institute Inc., Cary North Carolina, USA) to reduce the number of independent
variables that are included in the model. The Kaiser—Meyer—Olkin (KMO) measure
verified the sampling adequacy for the analysis, KMO = 0.665, which is well above the
acceptable limit of 0.5 (Field, 2009). Bartlett’s test of sphericity x* (105) = 466.313, p <
0.001 (limit of acceptance < 0.50), indicated that correlations between items are
sufficiently large for PCA. An initial analysis was run to obtain eigenvalues for each
component in the data. Kaiser’s criterion was used to specify the number of principal
components (Kaiser, 1961). Five components had eigenvalues over Kaiser’'s criterion
of 1 and in combination explained 81.4% of the variance. Factor loadings lower than

0.6 are not interpreted and Table 5 shows the formatted loadings.
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Table 5: Results of the principal components analysis. Five components were defined based on their
eigenvalues

Independent variables Prinl  Prin2 Prin3 Prin4 Prin5 Components
Axial # of lines 0.897 0.135 0.225 0.017 -0.082

Shortest route 0.857 0.147 -0.023 0.086 0.330

MR-100 0.848 -0.326 0.106 0.220 0.092

Street network ent. 0.808 -0.030 -0.236 0.266 0.082 )
Area-navigable spaces 0.791  -0.203 -0.059 -0.341 -0.031 Cor';g:ﬁexﬁ,té’yand
# of circles 0.768  -0.441 0.192 -0.002 -0.116

# of destinations 0.724  -0.099 0.276 -0.360 0.281

Landmark saliency -0.617 0.422 -0.391 -0.087 -0.135

AXx. Choice norm. r:2 -0.722  0.192 0.038 -0.079 0.375

# of dead ends 0.260 0.841 0.079 0.117 0.120

Axial mean depth 0.558 0.689 0.092 -0.053 0.257

Axial intelligibility -0.464 -0.665  -0.151 0.219 0.251 Accessibility
Global landmark -0.560  -0.177 0.721 0.181 0.075 Global landmark
Seg.Lnr:2 -0.495  -0.064 0.379 -0.701 0.124 Segment-integration
Map condition -0.321  -0.204 -0.263 0.095 0.673 Map condition
Eigenvalues 6.96 235 15 1.2 1.01

% of variance 4351 1471 9.4 7.52 6.25

Note: Factor loadings over 0.60 appear in bold

Component 1 represents complexity and saliency, and this involves the number of axial
lines, shortest (realistic) route, MR (100), SNE, area of navigable spaces, number of
circles and destinations, normalised axial choice (r:2) and landmark saliency.
Component 2 represents accessibility, which includes number of dead ends, axial
mean depth and axial intelligibility. The third component, global landmark, relates to the
existence of global landmarks. Component 4, segment integration, involves segment-
based integration (r:2) and the last component, map condition involves one variable,

namely map condition.
5.2.4 Results

The principal components were then used in a linear mixed model, which was run in
Matlab due to the increased size of the data. A linear mixed model was chosen
because the data included the same participants’ performance data for different levels.
Hence, participants were defined as a random effect in the model and principal
components were identified as fixed factors to predict travel durations. Table 6 shows

the effect of each component on participants’ duration results.

Table 6: Results of the linear mixed models

Fixed effects coefficients (95% Cls):

Name Estimate | SE tStat DF pValue | Lower

120




Upper
'(Intercept)' 1.440 0.001 | 2617.300 | 10606000.0 | 0.000 1.439 | 1.441
Complexity and saliency 0.254 0.000 | 2050.900 | 10606000.0 | 0.000 0.254 | 0.254
Accessibility 0.070 0.000 | 414.260 10606000.0 | 0.000 0.069 | 0.070
Global landmark 0.015 0.000 | 68.245 10606000.0 | 0.000 0.014 | 0.015
Segment-integration -0.023 0.000 | -80.030 10606000.0 | 0.000 -0.024 | -0.022
Map condition 0.196 0.000 | 744.810 10606000.0 | 0.000 0.196 | 0.197

SE: Standard error, DF: Degrees of freedom, pValue: statistical significance

The results of the mixed model indicate that there is a positive relationship with
components 1, 2, 3 and 5 whereas there is a negative relationship with the fourth
component. For the first group, complexity and saliency, the result suggests that if the
number of axial lines, the shortest (realistic) route, metric reach (100 m), SNE, the
number of circles (circular roads) and/or the number of destinations increase, the time
taken by participants to complete a level also increases. Moreover, the results also
suggest that if axial-based local choice (r:2) decreases or if the environment does not
include salient landmarks, then the duration increases. The result of the second
component, accessibility, indicates that as the number of dead ends or axial mean
depth increases, or axial intelligibility decreases, people’s wayfinding performance gets
worse and it takes more time to complete levels. The result of the third component,
global landmarks, suggests that the time taken by participants to complete levels
increases if an environment includes global landmarks. The same kind of relationship
was found for the condition associated with the readability of the map. Finally, results
for the fourth group, segment integration, indicate that duration decreases if the
segment-based integration (r:2) decreases. This part of the study, once again showed

the significance of “complexity” in explaining people’s wayfinding performance.

It is important to note that the results were unexpected for landmark conditions. For the
first part of the study, no significant correlation was observed for global landmark or
salient landmark conditions and the second part of the study suggested no significant
impact of global landmarks on the wayfinding process. Previous research has varied on
this topic as some studies suggested that global landmarks help people to find their
way more easily (Li et al., 2016; Lin et al., 2012) and others found no impact of global
landmarks (Gardony et al., 2011; Ruddle et al., 2011). The unexpected results in this
study show that a better understanding of the impact of different conditions, more

specifically different landmark conditions, on wayfinding performance is required.
5.3 Study-Il

The first study attempted to explore all factors that may affect people’s wayfinding

performance. The second study explores how different conditions affect people’s
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wayfinding performance. More specifically, it considers the impact of different
conditions associated with landmarks as well as the weather and maps. To do this, two
extra studies were conducted. In this study (Study-Il), five levels with the same layout
(mentioned in Section 4.7.2) were used and the impact of conditions related to salient

landmarks, weather and maps were compared.

As discussed in the literature review chapter (see Section 2.3.2.1 and Chapter 3),
conditions relating to landmarks, weather and maps have also been evaluated by
researchers and it was stated that all these conditions can affect people’s performance.
Results of the previous analysis showed that salient landmarks or a change in the
weather conditions could improve performance. This study is designed to explore the
degree to which different conditions, including landmark conditions, affect wayfinding
performance, as well as to understand which conditions are more influential than

others.
5.3.1 Analysis and results

For the analysis, results of participants were first normalised through the use of
practice levels, levels 1 and 2. To do this, the sum of the duration to complete the two
levels was calculated and the time taken by people to complete the levels was divided
by this value. No outliers were detected or excluded from the study. A t-test was
conducted in JMP software to see the relationship between variables as pairs (Table
7). First of all, when the mean values of levels are compared, the mean duration to
complete level 36 is the highest for these levels (M=2.003). As level 36 only differs
from level 22 in that the weather is foggy rather than clear (see Section 4.7.2 Table 1),
this shows that the weather condition affects people’s performance more than
conditions related to landmarks and maps in the same spatial structure. The next
longest duration was that for level 66 (M=1.750), where there are no landmarks and the
water is wavy (so the visibility changes in this level as well). However, even though two
important conditions change in this level, participants’ performance is still better than in
level 36. The duration to complete level 66 was followed by that to complete level 13
(M=1.739), where the weather is clear, map is normal and landmark condition is easy.
This is surprising since all conditions are good; however, the fact that this was the first
time participants experienced this layout may explain why it may be challenging for
them to complete the level. The next longest duration was for level 22 (M=1.638),
where the map is obscured for the first time. Finally, level 51, where the landmark

condition was hard, was completed by the participants in the shortest time.

Table 7: Paired t-tests of levels

Statistics Level 22 and 36 | Level 51 and 66 | Level 13 and 22 | Level 22 and 51
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\'\//'a?;”bl"ea'”e of the first 1.638 1627 1.739 1.638
gﬂei%%a:/l:ﬁacgéhe 2.003 1.750 1.638 1.627
Mean Difference -0.365 -0.123 0.101 0.012
Std Error 0.006 0.006 0.006 0.006
Std Dev. 0.855 0.822 0.851 0.809
Upper 95% -0.353 0.112 0.112 0.023
Lower 95% -0.377 -0.135 0.089 0.000
N 19698 19698 19698 19698
Correlation 0.419 0.432 0.417 0.395
t-Ratio -50.836 -21.055 16.598 1.999
DF 19697 19697 19697 19697
Prob > |t] <.0001* <.0001* <.0001* 0.0456*
Prob > t 1 1 <.0001* 0.0228*
Prob <t <.0001* <.0001* 1 0.9772

Paired levels: “first variable” refers to the first level mentioned in each column and “second variable” refers
to the second level mentioned. * p < 0.05.

The mean values of performance between levels were compared to understand the
impact of different conditions and their significance on navigation. The significant
difference (p<.0001) between levels 22 and 36 shows that the weather condition has a
significantly negative impact on wayfinding. In addition, the comparison between levels
51 and 66 also suggests that conditions of waves and no landmarks strongly and
negatively influence performance. These two results suggest that the visibility within
environments significantly affects people’s wayfinding performance. The way of
relationship in the table, however, changes in levels 13 and 22, and levels 22 and 51.
This result suggests that neither the obscured map or the hard landmark condition has

a significant or negative effect on wayfinding performance.
5.4 Study-lll

In Study-Il, levels with same spatial layouts were used and the effect of different
conditions was compared, including the salience of landmarks. No significant effect of
the salience of landmarks was observed. Previous research conducted to explore the
impact of global and local landmarks has stated that global landmarks improve
people’s wayfinding performance (Steck & Mallot, 2000; Li, Fuest, et al., 2014; Lin et
al., 2012; Schwering et al., 2013). In the five levels used in the second study the global
landmark condition is the same, so it is not possible to observe its impact on

wayfinding. Hence, in this third study, the impact of global landmarks is investigated.
5.4.1 Analysis

Levels 3 and 13 were used in this study, since these were the levels where the spatial

structure was as similar as possible, and conditions were same except the existence of
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global landmarks (please see Section 4.7.3 and Table 2). The time taken by
participants to complete levels 3 and 13 was used for this study. The results, again,
were normalised based on the gaming abilities of participants by considering their
performance in first two levels. The mean duration shows that it took more time for
participants to complete level 13, where there were no global landmarks, (average
duration M=1.6197), compared to level 3, where there were global landmarks (average
duration M=0.5119). Paired t-test analysis was used as the same participants’ results
were compared for two conditions. Results of the t-test analysis showed that there is a
significant change in duration between levels 3 and 13 (mean difference=1.1078,
p<.0001).
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Figure 24: Layout of levels 3 and 13, segment maps (shown with grey), segment lines (shown with light
blue) and checkpoints shown with green circles)

Results were then analysed in more detail. To do this, estimates of the time to
complete levels were found; hence, it would be possible to compare these results with
the actual durations. To calculate the estimated time, the shortest realistic routes were
first defined. Segment maps of levels 3 and 13 were used to measure the shortest

realistic routes and all goal locations were tracked (Figure 24).
5.4.2 Results

Once the shortest realistic routes were measured for two levels, the maximum speed
(using the speed up command during the level) and minimum speed (without boost) of
the boat were used to calculate the time that would be taken to complete the levels (for

the expected durations, see Table 8, columns A and B). The mean duration (the
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average time for participants to complete the levels) is also shown in the table (column
C). The ratios of real duration to expected duration at maximum speed (D), and at
minimum speed (E) are also shown in the table. In both scenarios, it can be seen that it
took participants more time to complete level 13. Considering the global landmark
condition, it can be said that it was harder to complete level 13 because of the lack of

global landmarks; hence, the duration was longer than for level 3.

Table 8: Comparison between real and expected duration

Levels Average of Min. timeto | Max.time Ratio real Ratio real
normalised complete to complete | duration and duration and
duration (C) levels (A) levels (B) min time (D) max time (E)

Level 3 0.5119 13.9687 22.5263 0.0366 0.0227

Level 13 1.6197 42.8198 69.0526 0.0378 0.0235

5.5 Summary of the results

The first analysis chapter gave us insights about the factors that affect people’s
wayfinding performances. Accordingly, to create an easily navigable environment, it is
important to have layouts that consist of fewer axial lines, destinations and dead ends.
Additionally, it is also important to have a lower entropy (SNE) value and metric reach,
short route length and lower area of navigable spaces. Many measures mentioned
here pointed to the fact that the complexity of layouts is fundamental in wayfinding
tasks. Hence, while designing an environment, it is important to consider its complexity
(O’Neill, 1991a, 1991b). The first study also highlighted the impact of weather and

saliency conditions on wayfinding.

The second and third studies, on the other hand, were designed to explore the impact
of different conditions on wayfinding. Various conditions, particularly landmarks, were
analysed. Results of the second experiment showed that the weather (specifically fog
condition) affects people’s wayfinding performance. This condition had the greatest
effect, compared to the conditions associated with landmarks and maps. This finding is
consistent with the previous research, which discussed the impact of weather
conditions (Hurlebaus et al., 2008; Ruddle & Péruch, 2004; Burns, 1998) and with the
first study conducted in this chapter. Hence, it is possible to claim that visibility is an
important factor for people to find their way more easily. If the visibility within
environments is reduced, then participants will not be able to see the alternative paths
to follow or the landmarks that might help them understand where they are. Therefore,
the wayfinding task will become more challenging for people. Changes in the

conditions associated with maps or saliency of landmarks, however, did not cause any
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significant change to participants’ results. This result is in contrast with the results
reported in the literature, especially the those about salient landmarks (Albrecht & Von
Stulpnagel, 2018; Von Stulpnagel & Frankenstein, 2015).

On the other hand, the third study showed that the existence of global landmarks
improved participants’ performance. This result was predicted, since other studies in
the literature have argued that global landmarks help people to find their way (Steck &
Mallot, 2000; Li, Fuest, et al., 2014; Lin et al., 2012; Schwering et al., 2013). Therefore,
not only the layout itself but the conditions are important in explaining people’s
wayfinding performance. This is an important finding since it shows the significance of
exploring environments in different conditions. By using all these different criteria, one

can better understand reasons underlying people’s performance.

This chapter points to many important findings. However, it is important to state that
global and local landmarks, as well as the salient landmarks, were defined by the
designers of the game, which can be considered as a limitation of the current study. In
this chapter, no additional experiments were organised to analyse the details of levels
and conditions, and the data collected by the game company in addition to measured
environmental factors were discussed. However, as the intention is to learn more about
landmarks, additional experiments are conducted. Both saliency and visibility of
landmarks are investigated in this respect and, rather than using predefined landmarks,
each landmark is analysed individually in the following chapters by presenting a series

of additional experiments/surveys.
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6 SALIENCY OF LANDMARKS: VISUAL SALIENCY

6.1 Introduction

In the previous chapter, landmarks were studied based on designers’ evaluations. In
the game, both landmark saliency and global/local landmarks were predefined. This
part of the thesis examines whether or not these predefined saliency categories align
with people’s landmark selections. To do this, visual saliency is analysed first in detail
and then the findings are compared with the experts’ evaluations. Moreover, structural
salience is also analysed via a comparative study to identify whether or not it affects

people’s choices.

This comparative study is performed in two parts. In the first part of the study, visual
saliency is analysed through an online survey, where participants rate the saliency of
landmarks within SHQ. Then the results are compared with those of two objective
saliency models (Gbvs and DeepGaze Il). Hence, the relationship between objective
saliency measures and people’s saliency evaluations -a gap in the literature- is
explored. In the second part of the study, non-experts’ and experts’ evaluations are
compared. This chapter of the thesis is crucial not only because the experts’
evaluations are tested but also because visual saliency is analysed using two different
criteria (survey and objective measures). In addition, not only the visual salience, but
also the structural salience and their impact on people’s choices during navigation are

better understood through this chapter.

The factors that may affect people’s wayfinding performance have been identified in
the previous chapters. The environment was analysed through different measures;
however, landmarks were analysed using experts’ evaluations in the previous chapter.
In this and the following analysis chapters, rather than using the full dataset, specific
levels in SHQ were investigated, additional surveys were conducted, and observations
were made to learn more about landmarks. In the following sections, the visual,
structural, and cognitive characteristics of landmarks within SHQ are analysed using
different methods. In this chapter, visual saliency is investigated. As discussed in the
methodology chapter, only levels 31 and 32 were used in the saliency studies. Hence,
studies undertaken in this and the following chapter are conducted using these two

levels only.

The literature review describes the impact of visual and structural landmarks, or the
combined effects of different saliency measures. However, this topic is still under
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debate. As described in the literature review (Section 3.5.3), eye tracking data has
been used to train saliency models, but is it possible to confirm that they really
correlate with what people find salient? In this chapter, it is hoped that answers will be
found to this question. Saliency models and a survey are used to explore visual
saliency and the association between these two approaches are investigated.
Moreover, the impact of structural landmarks on people’s saliency evaluations is

examined.
6.2 Study-l

In the first study, an online survey and saliency algorithms are used to see whether the
algorithms are sufficient to explain people’s evaluations. In addition, people’s saliency

evaluations are interpreted.
6.2.1 Analysis

For the survey study, as mentioned in the method chapter (4.8.2), a laboratory survey
was conducted with 25 people prior to the online survey to see whether or not people’s
attention is distracted during online survey. A t-test was used to investigate the
significance of the differences between the results from the online survey and the
laboratory survey (please see Section 4.8.2 for more details). The average rating score
that each participant assigned to each landmark in the survey was calculated for each
level from both laboratory and online survey results, and a t-test was implemented on
the average values (Table 9). Levene’s test showed a homogeneity of variance for
level 31 (F=0.273, p=.602) and for level 32 it showed that homogeneity of variance
cannot be assumed (F=8.156, p=.005). The p-value was >0.05 in all cases. In other
words, no significant changes were present between online and the laboratory surveys

for the two levels. Therefore, the results of both surveys were used in this study.

Table 9: Mean ratings and results of the independent samples t-tests for levels 31 and 32 (grey-highlighted
values show the significance of the t-fest based on Levene’s test)

Lev;nL:e:”ttesotffor 95% Confidence
quaiity i Interval Sig
L Survey Std. Variances Variance )
evel N Mean t (2-
Mode Dev. (t-test) tailed)
F Sig. Lower Upper
Level Online 226 3.290 0.588 0.273 0.602 | Equal -0.280 0.202 | -0.320 | 0.749
31 variances
assumed
Lab. 25 3.329 0.507 Equal -0.260 0.182 | -0.360 | 0.721
variances
not
assumed
Level Online 226 3.205 0.588 8.156 0.005 | Equal -0.243 0.227 | -0.066 | 0.947
32 variances
assumed
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3.213 Equal
variances
not

assumed

-0.153 0.137 | -0.110 | 0.913

Lab. ‘ 25

0.304 ‘

Cronbach’s alpha was also calculated in SPSS to test the reliability coefficient for the
internal consistency of the survey results. Cronbach’s alpha was 0.74 when all
landmarks and all participants’ evaluations were used, indicating that the questionnaire
has good internal consistency. Hence all results are included in the study. A reliability
test was not conducted for the experts’ evaluations since they agreed on the saliency
of landmarks.

To consider the saliency algorithms, saliency maps were created using the two
algorithms, DeepGaze Il and Gbvs, so that the saliency scores could be computed for
each object. The regions of interest were used to find an average saliency value for
each landmark and each level. To normalise the results, a z-score (also called a

standard score) was applied to each saliency map.
6.2.2 Results
6.2.2.1 Survey results

The survey results suggest a number of features regarding the saliency of the
landmarks in the two levels (see Table 10 and Table 11). The first is that the castle was
the most outstanding object in both levels. This could be anticipated because the castle
was differentiated with respect to its size and colour. Moreover, in level 31 it was
located at a decision point where the boat made a turn. This may be part of the reason
that the castle was rated as the most noticeable object. It was followed by trees, grass,
and the arch in level 31, whereas it was followed by grass, trees and toadstools in level

32. Again, the arch and trees were notable due to their height and colour.
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Table 10: Survey results of level 31 showing the number of ratings

Survey Results of Level 31
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15
10
5 il
0

300
” 250
c
S
T
-
g
> 0
>
c
5 0
©
@ 0
Arch  Stone Trees Castle Grass
unnoticeable 23 53 5 13 6
fairly unnoticeable 12 48 4 10 10
m neither noticeable nor
unnoticeable 17 65 12 15 15
H noticeable 61 61 88 67 75
® highly noticeable 138 24 142 146 142

stump
134
50

21

24
22

Toadst Stone(
ool s)

40 115 101
34 76 66

Plant

38 24 26

69 23 35
69 13 23

Table 11: Survey results of level 32 showing the number of ratings (there was no arch or tree stump in
level 32, but these columns are retained to provide a comparable image)

Survey Results of Level 32
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©
n 0
0
Arch = Stone Tree
unnoticeable 154 4
fairly unnoticeable 49 4

H neither noticeable nor

unnoticeable 15 29
H noticeable 15 105
® highly noticeable 17 107

Castle Grass

3
4

13

90
141

1
10

22

91
126

p

Plant
ool s)

11 177 131
19 38 46

18 17 21

106 9 29
95 8 23

Surprisingly, grass was ranked highly in both levels. This may be due to the fact that

during the video the boat moved through the grass, such that it became quite close to

the viewers at certain points, as can be seen in Figure 25. Thus, even though the

object would not be easily noticeable in terms of the contrast with the background or
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shape, it was still noticed by people. The number of participants who found grass highly
noticeable decreased from 142 in level 31 to 126 in level 32. This decrease can be
explained by the reduction in the amount of grass in level 32.

ko - @ kkk - [ KRR D K%

Level 31 Level 32

Figure 25: Screenshots from the video of levels 31 and 32 showing how the grass is seen at different times

Toadstools were also considered notable objects by participants, despite their size and
shape. This is likely to be due to their red colour, which was unique in the environment
and contrasted with the background. This idea was also supported by participants in
the discussions after the lab study. The number of people who found the toadstools
either noticeable or highly noticeable increased from 138 in level 31 to 201 in level 32.
In the videos it can be seen that the boat moved quite close to the toadstools in level
32. Hence, participants could have a chance to see this landmark closer, which can
account for this change. The plant was unremarkable for participants, which was not
surprising, as it did not have any strong visual characteristics. Moreover, people did not
notice either types of stone, even though one type differentiated from the background

due to its size.
6.2.2.2 Objective saliency measurement

The results of the algorithms are shown in Table 12. Using Gbvs analysis, the
toadstool, castle and small stone (Sstone) were detected as the most salient objects in
level 31, while the tree, castle and toadstool were detected as the most salient objects
in level 32. The results of the DeepGaze Il analysis showed that the plant, tree stump
and castle were the most salient objects in level 31, while the stone, castle and

toadstool were the most salient objects in level 32.

Table 12: Results of the objective saliency measures (z-scored, higher values represent higher saliency)

Landmarks_level Landmarks__ level
31 Gbvs DG I 32

Arch 0.133 0.189

Gbvs DG I
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Stone 0.868 0.904 Stone 0.909 1.757
Tree 0.661 0.634 Tree 1.499 0.922
Castle 1.103 1.402 Castle 1.213 1.594
Grass 0.029 0.009 Grass 0.055 0.016
Treestump -0.206 1.438
Toadstool 1.366 0.956 Toadstool 1.084 1.141
Sstone 0.946 0.520 Sstone -1.213 0.326
Plant -0.978 1.661 Plant 1.026 -1.324

As a second step, the relationship between the survey and the models were explored
in detail. The results of both the survey and the models were kept as continuous data.
A regression analysis was calculated to predict the survey results based on Gbvs and
DeepGaze Il. No significant relationship was found between the models and the survey
results (p>.05, R2=0.266 and 0.254 for levels 31 and 32, respectively, see Table 13).

Table 13: Results of the regression analysis between model prediction and survey data

Std t Lower Upper Std

Levels | R? Term Estimate | Error Ratio | Prob>|t| | 95% 95% Beta
Intercept 3.876 | 0.730 | 5310 | 0.002 | 2.089 | 5663 | 0.000
31 | 0.266 | Gbvs (Std) 0.259 | 0501 | 0520 | 0.624 | -0.968 | 1.486| 0.185
DG Il (Std) -0.816 | 0.655| 1.250 | 0.259 | -2.419 | 0.787 | -0.445
Intercept 2.661 | 0713 | 3730 | 0.020 | 0.681 | 4.641| 0.000
321 0.254 | Gpvs (Std) 0.623 | 0.636 | 0.980 | 0.383| -1.142| 2.389| 0.437
DG Il (Std) 0205 0558|0370 0.732| -1344| 1.754| 0.164

6.3 Study-ll

In Study-I, people’s visual saliency evaluations were compared with objective saliency
measures. The results showed that the saliency models alone failed to predict people’s
landmark evaluation. However, while designing the game, the researchers also
evaluated landmark salience, and this leads to another question: how exactly do
experts’ saliency evaluations match with those of non-experts? This study investigates
whether the visually salient landmarks vary between wayfinding experts and non-

experts; an area that is quite limited in the literature.
6.3.1 Analysis and results

Figure 26 shows the number of non-experts who rated objects as “highly noticeable” for
levels 31 and 32. It can be seen that, with the exception of the toadstool, objects that
were present in both levels were rated as highly noticeable by more people in level 31
than in level 32; this suggests the effect of structural saliency. In the videos, it can be

seen that objects were further away in level 32, and there were fewer landmarks in this
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level. Hence, it can be said that the structural saliency evaluation of the experts was
appropriate for the two levels. The videos also show that the boat moved quite close to
the toadstools in level 32 (Figure 27), giving the participants a chance to see this
landmark more closely, which can account for the increase in people’s ratings in level
32.

Number of people who selected objects as "highly noticeable™

D 142—349 43
127
107
95
69
73 = 23 21
Arch Stone Trees Castle Grass Toadstool S Stone  Plant Tree
stump
Level 31 Level 32

Figure 26: Number of people who selected landmarks as "highly noticeable" for each level

Level 31 Level 32

Figure 27: The image used in level 31 and 32 to evaluate the toadstool

When the landmarks are viewed within their context, it can be seen that highly rated

objects tend to stand out from their surroundings particularly due to their size and
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colour, as mentioned in the first part of the study. The toadstools and trees contrast
with the background, while the castle, tree and arch are differentiated from their
surroundings due their size. The least rated objects, on the other hand, are smaller
objects with a colour similar to that of the background. Hence, we can assume that it
was harder for participants to notice these objects.

In addition, experts’ results were compared with those of non-experts’. Experts’
saliency evaluation included two categories: salient objects (1) and less salient objects
(0). Hence, non-experts’ evaluations were also categorised as salient and less salient
objects. Figure 28 shows the results of the two groups together. Results suggest that
the ratings are the same for all landmarks, except for stone and grass. The stone was
selected as a salient object by experts and grass was selected as a salient object by

non-experts, while they were selected as less salient landmarks by the other group.

Experts' and non-experts' ratings for landmarks

1 1 I 1 T i
0 0 0 0 00—
X0 @ (% @ % @ N
2 o © & o &
&0 «&0
Experts Non-experts

Figure 28: Results of experts’ and non-experts’ evaluations. The value “1” represents salient landmarks
and “0” represents less salient landmarks.

6.4 Summary of the results

In this chapter of the thesis, visual saliency was analysed in detail in various ways: a
survey was completed and the results were compared with objective saliency analyses
and experts’ evaluations. One of the goals of this chapter was to assess what features
of objects make them more likely to be selected as landmarks. Analysis of the
subjective ratings showed that landmark saliency is predicted by the size of the object
and its visual distinctiveness, such as its colour contrast with the background (Quesnot
& Roche, 2015b; Winter et al., 2005; Miller & Carlson, 2011).

In addition, the findings also highlighted the impact of the spatial position of landmarks

in determining landmark salience in navigation: objects encountered in close proximity
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to the navigator when travelling were judged to be highly salient despite their low visual
saliency. For instance, grass was visible at different points and multiple times in the
environment. Even though it was not differentiated from its surroundings by its shape
and colour, it was still selected as a salient object as it could easily be seen by
participants from a relatively short distance.

Similarly, changing the location of toadstools in level 32 presumably had an impact on
people’s ratings since more people rated them as noticeable or highly noticeable when
they were closer to the participants. This suggests that not only the visual
characteristics of landmarks but also their structural characteristics are important for
landmarks to become salient. The findings about the location of landmarks are very
important because the landmarks were consistent between levels, and the location
altered — visual saliency was same and structural saliency changed. This implies that

changing structural saliency can affect people’s perception of visual saliency.

The extent to which computational models of saliency, specifically Gbvs and
DeepGaze I, would predict the subjective ratings of landmark saliency when watching
the navigation of cue-rich virtual environments was also examined. It was found that
there was no significant relationship between the saliency model predictions and the

subjective ratings.

The second study investigated whether the evaluations made by the experts would be
parallel to those of non-experts. The findings indicated that this was the case as non-
experts’ saliency evaluation was consistent with those of the experts’ for seven
landmarks out of nine. Only stone and grass were not consistent with this finding. While
non-experts saw the objects within the context, experts saw the objects only with a
white background without any context. This might be the reason for this discrepancy.
During the videos, non-experts could see grass or stone more closely, hence the
impact of location may affect their saliency evaluation. Hence, it can be stated that,
even though experts’ evaluations are quite similar to those of the non-experts, there

are some differences.

This chapter of the thesis has contributed to knowledge in different ways. First, visual
and structural characteristics of landmarks were analysed to see the characteristics
that make landmarks salient. It is suggested that to make wayfinding tasks easier,
visual landmarks located at accessible points, such as on routes and at decision points,
can be chosen. Second, saliency models were used and the results were compared
with the survey results. This type of comparison is quite limited in the literature.

Experts’ and non-experts’ saliency evaluations were also compared in this chapter.
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As mentioned before, the literature discusses three characteristics of landmarks. Here,
visual saliency was explored in detail and structural saliency was also mentioned.
However, all of the different characteristics of landmarks are to be considered in this
thesis. Therefore, in the next chapter, structural and cognitive saliency are analysed.
When all characteristics of landmarks are examined, an overall saliency score can be
determined, as mentioned in the literature. Hence, one score will be given for each
landmark and it will be possible to compare landmarks and define salient landmarks in
the analysed levels of SHQ.
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STRUCTURAL AND COGNITIVE SALIENCY
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7 STRUCTURAL AND COGNITIVE SALIENCY

7.1 Introduction

Chapter 6 focused on visually salient landmarks and the findings pointed to the
significance of the colour and size of objects as well as their structural saliency. In this
chapter, structurally and cognitively salient landmarks are explored in detail. The goal
of this chapter is to redefine global and local landmarks, in other words, categorise
structurally salient landmarks based on their visibility. While each participant explored
the game environments, the visibility of landmarks from the participant’s point of view
was recorded and these records are used for this investigation. Participants were then
asked to answer questions designed to measure both structural and cognitive saliency.
The results of structural saliency suggest a threshold that can be used to distinguish
global landmarks from local landmarks, or in other words, structurally salient landmarks
from structurally less salient ones. The results of the cognitive saliency study show that
cognitive saliency is closely related to visual and structural saliency in unfamiliar

environments.

The impact of global and local landmarks in wayfinding has been explored by many
researchers and different results have been discussed (Meilinger et al., 2015; Ruddle
et al., 2011). In the previous chapters, the impact of global landmarks in wayfinding has
also been discussed. In this chapter, global and local landmarks are explored in detail.
Also, as previously mentioned, one point about the visibility of landmarks is still not
clear: when can a landmark be called “global”’, and when can it be called “local’? Is it
necessary for a global landmark to be seen from every point in a system (Castelli et al.,
2008), or is it acceptable if it is seen from many angles and many points (Lynch,
1960)? The first part of the study is designed to answer these questions.

In the second part of this study, cognitive saliency is examined via a survey. By using
people’s saliency descriptions, the factors that shape cognitively more salient
landmarks are clarified. As a final step, the three characteristics of landmarks — visual,
structural and cognitive — are combined to find an overall saliency score for each

object.
7.2 Study-l

While describing structural saliency, the location of landmarks is considered in various

ways: whether the objects are located at decision points, on routes, or on a road with
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many connections, for example. Hence, any characteristics of landmarks that would
help us to locate or orient ourselves in an environment could be thought of as structural
characteristics of the objects. Therefore, in this section, the location information about
landmarks is examined to better understand its influence on the salience of landmarks.

As has been done in previous research, the visibility of landmarks is used here to
explain their structural salience (Bhatia et al., 2013). While comparing visual saliency
within two levels of SHQ in the previous chapter, structural characteristics of landmarks
were also discussed. It was mentioned that if the visibility of landmarks increases, then
they become more noticeable and so more salient. Therefore, the approach used here
of considering the visibility of landmarks along a route is also consistent with the

findings of the previous chapter.
7.2.1 Analysis

The Java program designed for this analysis (see in Section 4.8.3) determined the
visibility of each landmark along a route and calculated the percentage of the journey
time for which the landmark was visible for each participant. An average value was
calculated for each landmark using the results from 100 people. This then was used to
compare the visibility of landmarks. Figure 29 and Figure 30 show the average values
for levels 31 and 32, respectively. Accordingly, it was observed that the average
landmark visibility was between 5% and 35% for all landmarks in level 31 whereas it
was between 10% and 40% for all landmarks in level 32. Hence the visibility varied
between ~5% and ~40%. There are many entries for landmarks shown in the charts
since each landmark is categorised individually rather than grouped in the way they
were in the analysis in the previous chapter. Hence, rather than explaining all IDs, the

analysis focuses on the landmarks with extraordinary values.
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Average landmark visibility for level 31
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Figure 29: Average landmark visibility (%) for each landmark in level 31. Error bars express the standard
error of the mean

Average landmark visibility for level 32
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Figure 30: Average landmark visibility (%) for each landmark in level 32. Error bars express the standard
error of the mean

7.2.2 Results

To find a threshold for visibility, a boxplot analysis is applied to the mean values. The
outliers, which could represent global, or structurally salient, landmarks, were detected

using these formulas:
upper value = upper quartile + (1.5 * (interquartile range)),

lower value = lower quartile — (1.5 * (interquartile range)).

Equation 9: Outlier formulas
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These formulas were set in JMP software. Figure 31 shows the boxplot analysis.
According to this, five landmarks (IDs: 67, 68, 69, 70, 71) are detected as outliers for
level 31 and 2 landmarks (IDs: 17, 18) are detected as outliers in level 32.

40
.
30 ? I .

Level 31 Level 32

Figure 31: Boxplot of average landmark visibility (%) for levels 31 and 32. Outliers are shown with black
dots

The landmark IDs of these outliers show that they were all trees. As they have a higher
percentage of visibility than the other landmarks, they can be called global landmarks
in the levels analysed (see Figure 32). They could indeed be observed from a great
number of vantage points and many angles in these SHQ environments. Boxplots
identify the objects as outliers with visibility values higher than ~25%. Therefore, it can

be said that this value can be accepted as a threshold for different environments.
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Figure 32: Global landmarks and their visibility from different viewpoints along the shortest possible route
(level 31 is shown above and level 32 is shown below; landmarks are shown in blue)

Finally, Figure 33 and Figure 34 show the results of the survey (N=70 and the
landmarks in the survey were in the 9 and 7 as described in Chapter 6). Accordingly,
three objects were selected by people as “global” landmarks, namely the castle, arch
and tree. In level 31, 54 people defined the castle as a global landmark. This was
followed by the arch (45 ratings) and trees (38 ratings). All other landmarks were
defined as local in this level. For level 32, the castle and trees were defined as global
landmarks with 58 and 47 ratings respectively. The other five landmarks were defined
as local landmarks. Two landmarks mentioned in level 31 did not exist in level 32 (the
arch and tree stump), but have been included as columns in Figure 32 for ease of
visual comparison with Figure 31.
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Survey results of level 31
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Figure 33: Survey results for the visibility of landmarks in level 31
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Figure 34: Survey results for the visibility of landmarks in level 32

7.3 Study-ll

As stated in the previous chapter, one of the best-known definitions of saliency states
that there are three categories of landmark saliency, these being visual, structural and
cognitive (Sorrows & Hirtle, 1999). In this part of the study, cognitively salient objects
are examined, as the number of studies about cognitive saliency is limited. Previous
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research has mentioned that cognitive salience is closely related to visual salience in
unfamiliar environments (Quesnot & Roche, 2015b). Therefore, it is expected that

cognitive salience will be associated with visual salience in this study as well.

7.3.1 Analysis and results

Word frequency analysis is conducted using the results of the survey study. The results
of the word frequency analysis (Section 4.8.4) are shown in Figure 35. Various words
were used to describe the same objects; for instance, the castle was also referred to as
a turret or tower. Therefore, in order to clarify the number of mentions of each object, a
detailed classification was needed. The results of the analysis showed that trees and
the castle were mentioned most frequently in both levels 31 and 32. This was followed
by reeds (grass) and bridge (arch) in level 31, and by reeds and mushrooms
(toadstools) in level 32. Some descriptive words related to visual or structural
characteristics, such as colour, shape and size, could also be seen in the results.
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Figure 35: Most frequent words in the survey study (results of level 31 on left and level 32 on right)

To clarify the synonymous words used, landmarks were categorised based on the
names they were introduced by and the descriptions people used (Figure 36). The
landmarks were categorised by their colour, size, shape, material, number and
location, based on the results received. Any other results were analysed separately. As
expected, the castle, trees and toadstools were mentioned using many different words
and multiple descriptive characteristics. However, smaller objects, such as stones or
plants, were mentioned less. It was also expected that participants would focus on
landmarks at decision points; however, this effect was limited. Only one participant
reported that he saw toadstools “after a turn”. Participants mentioned that they saw
trees “along the river” and banks “throughout the river’. They also reported when they
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saw an object more than once, or when they got closer or further away from objects
(please see Appendix Figure A 9, Figure A 10, Figure A 11 and Figure A 12 to view the
descriptions for all landmarks).

Grass Plant
Grass Reeds Plant Bullrushes
Size Location Number Location Colour
Tall In the water Lots of In the water Green
Some Water reed Brg\l{\gneﬁnd
In the river

Figure 36: The descriptions are visualised for two landmarks in level 31: the grass was described using
various words (on left); whereas the plant was described with a limited number of words

As a third step, the sum of mentions of the categorised landmarks was compared.
Figure 37 shows the frequencies of the use of the words referring to landmarks. Here,
both types of stones were categorised together since no participants mentioned them
separately. The results of this analysis confirmed that the trees and castle were
mentioned most frequently in both levels, indicating that they were cognitively more
salient in this context. This was followed by the grass (17%), arch (14%) and toadstools
(9%) in level 31, and by toadstools (24%) and grass (14%) in level 32 respectively. Not

surprisingly, tree stump and stones were identified as the least salient landmarks.
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Sum of the mentions- Level 31 Sum of the mentions- Level 32

m Castle = Tree m Toadstool m Castle = Tree m Toadstool
m Grass = Plant Arch m Grass m Plant Arch
m Stone Tree stump = Stone Tree stump

4% _ 0% 0% _3% 0%

2%

1% - 14%

Figure 37: The percentage of the number of words that are used to define each object in levels 31 and 32
(the legend — read left to right, then top to bottom — was ordered clockwise from the 12 o'clock position)

The order of mentions was also analysed, since it is expected that more salient
landmarks would be mentioned earlier. Figure 38 shows the results of this analysis.
Here, the earlier mentioned landmarks scored higher values, while landmarks that are
mentioned later scored lower values; the value of O was assigned to the landmark
mentioned last, and increasing values were assigned to objects mentioned
progressively earlier. Accordingly, it can be seen that the trees and castle were
mentioned by people earlier than other objects during the survey. These were followed
by grass, toadstool and arch in level 31; and by toadstool and grass in level 32. This
result is consistent with the earlier findings.
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N
)
o

n
o
o

=
o
o

1.00

0.50

0.00 | |
Castle Tree  Toadstool Grass Plant Stone Arch  Treestump

Landmarks

Order of mentions (higher numbers
represent earlier mentions)

Average 31
Average 32

Figure 38: Order of mentions of landmarks in levels 31 and 32
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Finally, the degree of uncertainty was analysed. Hence, answers that included any
expression of uncertainty, such as “maybe”, “seems like”, were checked (Tenbrink et
al., 2019). Only four hesitation expressions were found in the two levels. For the first
level, two people could not recall two objects or some of the details well: “If | remember
correctly, there were also trees” and “an arched bridge, possibly stone”. For level 32,
again two comments included hesitation: “There are, it seems, less large boulders on
the river bank” and “Mushrooms on a hillside, seemed to be red”. However, in the first
of these comments, “it seems” was used to explain an interpretation, rather than
meaning confusion. In the latter comment, the hesitation was about the colour of
landmarks. However, in this example, the hesitations can be related to the perspective
of the camera, rather than the attention or memory. Hence, no significant impact of

hesitation can be alleged.

Participants also focused on the changes in the number of the objects between two
levels: “Single trees, apparently dead or dormant, were on the banks although fewer
than previously”, “there were fewer trees in the foreground”, and they also focused on
the similarities “same tower as before”. Hence, changes in the number and similarities

between the levels were also observed by the participants.
7.4 Overall saliency evaluation

As all three characteristics of landmarks have been explored in this study, the next step
is to visualise an overall saliency score of landmarks in a manner similar to that used in
other studies on landmarks (Klippel & Winter, 2005; Nothegger et al., 2004). Since
three characteristics of landmarks have been identified (visual, structural and cognitive)
3D plots are used to explore overall saliency scores. For visual saliency, people’s
saliency evaluations (between 1 and 5) are used and an average value is calculated for
each landmark. Since automatic saliency algorithms (objective measures) failed to
explain people’s evaluations, they are not taken into consideration while measuring
overall saliency. For structural saliency, the global and local landmark distinction is
used; local landmarks are coded as “0” and global landmarks are coded as “1”. Only
objects that are defined as global by both the survey and the boxplot analysis are
defined as structurally more salient. Finally, for cognitive saliency, both the order of
mentions and number of descriptions people used are considered, and an average
value is calculated. As people’s evaluations differed between the levels, it was seen
that changes in the context caused changes in saliency, therefore, overall saliency

scores are also calculated for each level individually.

Figure 39 shows the results of the overall saliency scores, visualised in Matlab 19
(MathWorks, Inc., Natick, Massachusetts) for the two levels. To the best of author's

knowledge, this is the first time that a systematic attempt has been made to categorise
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landmarks using all three saliency types brought together and visualised in this way. In
the graphs, the x-axis represents structural saliency, the y-axis represents cognitive
saliency and the z-axis represents visual saliency. Thus, the figures suggest that the
tree has the highest saliency score in both levels of SHQ. Hence, the most salient,
noticeable object is the tree compared to all other landmarks. It is followed by the
castle, grass and arch in level 31; and by the castle, toadstool and grass in level 32.

The stone, plant and tree stump are detected as the least salient objects overall.
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Figure 39: Overall saliency scores of landmarks in levels 31 and 32
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7.5 Summary of the results

In this chapter, two components of salient landmarks, structural and cognitive saliency,
were analysed. First, structurally salient landmarks were explored using the visibility of
landmarks, which was also used to define a threshold to identify global and local
landmarks. As in previous studies, for example, Lynch (1960), in this study, global
landmarks were considered as objects that can be seen from a great number of
vantage points in an environment, but not necessarily from everywhere. Local
landmarks were considered as objects that can only be seen from nearby. By
considering this idea, the visibility of landmarks was analysed for two levels of SHQ
and the percentage of the journey time during which the landmarks were visible was
calculated for each participant and for each landmark. A boxplot analysis was then
conducted to find a threshold and it was discovered that objects with visibility scores
higher than 25% can be thought of as global landmarks, as they are differentiated from
the other landmarks. Or to put it heuristically, if a landmark is visible either continuously
or intermittently for more than 25% of our journey, it can be considered as a global
landmark. Another gap in the literature is, therefore, explained and a threshold is
suggested for use in the future studies in this chapter. This is important to understand
the visibility of landmarks and explore the objects around us as global and local ones.
Hence, we can easily determine which landmarks are local and which are global in a
3D version of an environment by using this threshold, and wayfinding experiments can

be organised using this information.

On the other hand, 70 people were also asked to define landmarks as either global or
local for the same game levels using an online survey. Results of the survey showed
that three landmarks were detected as global landmarks: the castle, arch and tree.
Actually, castle was rated by more participants as a global landmark than trees. Hence,
even though the survey results were similar to the results that identified the threshold,

two more landmarks were identified by participants as global landmarks.

For the second study, cognitive saliency was investigated using a survey. The results
showed that some of the objects that differ from their surroundings in their size, colour
and visibility (so with their visual characteristics), were mentioned by more people or
with more descriptive words. In addition, limited location information was also provided
by people in this study. This suggests that cognitive saliency is closely related to visual
saliency in an unfamiliar environment, and structural saliency also plays a role in

cognitive saliency, since people could recognise changes in the location of landmarks.

This chapter contributes to knowledge in five ways:
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o Global and local landmark definitions are discussed and a threshold is
suggested to clarify the distinction.

o Landmark visibility during a journey is calculated via a Java program; hence,
the visibility of landmarks could be seen for each participant at different times.

o Structurally salient landmarks are explained using an innovative approach
(decision points or landmarks on routes are not used and landmark visibility is
analysed instead).

o Cognitively salient landmarks are discussed using people’s descriptions.

o An overall saliency score is defined using visual, structural and cognitive

characteristics of landmarks.

All the main criteria used in the literature to define saliency (Sorrows & Hirtle, 1999),
therefore, were used in this thesis. As a further step, the overall saliency was analysed
by visualising all three characteristics of landmarks. The most salient and the least
salient landmarks in the SHQ levels were detected via this approach. Many saliency
studies have also analysed the three components mentioned here; however, people’s
saliency evaluations and descriptions were used effectively in this study to explain
visual, structural and cognitive saliency, which makes this study significant. In the
following chapters, the consensuses with the literature and the unique findings of the
thesis are identified. Limitations of the study as well as future research directions are
also listed.
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8 DISCUSSION & CONCLUSION

8.1 Introduction

This chapter revisits the original motivating factors of the research as well as the
research questions. The findings of the analysis chapters are summarised and
interpreted in this chapter. The contributions to knowledge are listed. The theoretical
and practical implications of these findings are discussed. In the final section,
limitations of the study and possible future research directions are also discussed.

With this thesis, the impact of environmental factors, in particular landmarks, on
people’s wayfinding performance is explained, and the criteria that make a landmark
preferable are listed. Various complexity and Space syntax measures are used and the
environments analysed accordingly. It was discovered that the complexity of layouts
was a significant component that affected the difficulty of wayfinding tasks. This finding
demonstrated the success of the SHQ researchers, since they had designed simple
layouts that became progressively more complex to make the wayfinding task harder.
The impact of the weather condition, in other words, visibility, is also highlighted, since
the time taken by participants to complete the wayfinding tasks was longer when the
weather was foggy. The impact of the existence of global landmarks in an environment
was also highlighted in this research; however, no impact of the saliency of landmarks
was established. This is also a reason why the saliency of landmarks was investigated
in detail. To analyse the saliency of landmarks, the visual, structural and cognitive
characteristics of landmarks were analysed and it was discovered that visual and
structural characteristics of landmarks were important to identify their saliency in
unfamiliar environments. More specifically, it was observed that the colour and size of
landmarks were significant characteristics of visually salient landmarks and the visibility

of landmarks was significant for them to be structurally more salient.
The hypotheses listed in the introduction were:

1. People’s wayfinding performance is affected by the spatial layout and different
conditions, in particular landmarks.

2. Landmarks play an important role in wayfinding, and salient landmarks that
have a unique colour, size, spatial location and that can be seen from many
angles are expected to be preferred by a higher number of people as salient

landmarks.
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3. The complexity of layouts is key in wayfinding and the factors that reduce the
availability of information about the environment (weather conditions, map

readability) also can make wayfinding more challenging.

Therefore, it can be stated that the first and third hypotheses have been confirmed in
this study. The impact of the layout, weather condition and existence of global
landmarks were observed in the experiments. Complexity was analysed via a range of
measures, such as the number of checkpoints, decision points, and the length of the
shortest route, and the impacts of these factors were highlighted. No significant impact
of saliency of landmarks could be observed during wayfinding. At this point, it was
argued that the experts’ saliency evaluations could be tested against non-experts’

evaluations and that saliency could be explored using various measures.

The second hypothesis was also confirmed in this study. During visual saliency
analysis, it was discovered that people tend to choose objects that have a unique
colour or size as salient landmarks. From the example of grass as a landmark, it is also
concluded that the location and visibility of a landmark is also important for that
landmark to be selected by higher number of people. In the next section, findings of

this thesis are explained in detail.
8.2 Summary of the findings and interpretations
At the end of the introduction chapter (Chapter 1), two research questions were raised:

o Which environmental factors or conditions make wayfinding easier?

o How do we select landmarks in unfamiliar environments?
The findings associated with these questions are discussed under two headings.
8.2.1 Environmental factors and conditions

For this study, Sea Hero Quest, an online game was used and various methods and
different analyses were conducted. The first research question was “Which
environmental factors or conditions make wayfinding easier?” To answer this
question, all wayfinding levels of SHQ were used and the first analysis chapter,
Chapter 5, presented the analysis of the environment using various measures and
under different conditions. It was discovered that the complexity of layouts is key in
wayfinding performance. This finding was consistent with previous research (Slone et
al., 2015; O’Neill, 1991a, 1991b). Different measures were used to understand the
complexity of the environments, such as the shortest route or the number of
checkpoints. These results can be interpreted separately as well. For instance, as the
shortest possible route required to complete a wayfinding task increases, it takes

longer for people to complete the task. Hence, the positive relationship between these
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variables is not surprising. Similarly, the number of axial lines increases when the
system gets bigger in scale or when it is harder to see navigable spaces from different
points within an environment, as more lines are then needed to define the navigable
areas. Hence, an increase in the number of axial lines causes an increase in path
length. If there is only one checkpoint rather than a number of checkpoints, we can also
expect this task to be completed quickly, and more checkpoints make the task harder,
as each checkpoint must be found sequentially. This represents both a memory and a
spatial planning challenge — the player has to remember the order in which to visit the
targets and this task becomes harder as the number of targets increases. In addition, a
higher number of checkpoints may cause an increase in the length of the shortest
possible path, although this is not necessarily the case in all levels. Hence, the positive

relationship between the difficulty and the number of checkpoints is also expected.

The results of the first analysis chapter also suggested that metric reach, number of
decision points and dead ends, SNE, number of circles in circular environments, and
area of navigable space have positive relationships with difficulty. Metric reach is about
the density of the street network: if one can reach more alternative routes by moving a
specific distance, then the system has higher metric reach values. This, therefore, can
be thought of as another measure of complexity. Although studies stated that higher
street density is likely to encourage increased pedestrian movement (Ozbil et al., 2016;
Kubat et al., 2013), the findings of this study contradicted this idea. Yet, it could be
argued that as the density of streets increases, the number of decision points, where
people need to decide whether or not to make a turn, is likely to increase, leading to a
more complex layout. Therefore, this finding actually supported the idea that complexity
of layouts is significant in wayfinding. Another explanation could be related to familiarity
with the environment. In the reviewed studies, authors worked with participants familiar
with the environment. Hence, people may choose shortcuts and other alternative
routes in familiar environments, while first time explorers may prefer simpler layouts
with longer segments and fewer decision points. This suggests that as the number of
decision points increases, the likelihood of making a wrong turn also increases, and
this in turn lengthens the path to the destination. Therefore, the findings replicate
previous findings, which reported the significance of the number of decision points in
wayfinding (Raubal & Egenhofer, 1998; Arthur & Passini, 1992; O’Neill, 1991b). The
number of circles also has a positive relationship with difficulty, although a negative
relationship was expected, since people could recover their mistakes more easily in
circular layouts. However, in this case, layouts with circles made it more challenging for
people to way-find. As mentioned before, lower SNE indicates predictable systems
whereas higher SNE indicates unpredictable systems. Hence, the difficulty of levels

tends to increase as the SNE increases, as expected. The area of navigable space
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also had a positive relationship with the duration. This result also suggests that as the
environment gets larger, it is likely that it will become more challenging for people to
complete a wayfinding task. The number of dead ends has a positive relationship with
the duration, as seen in the existing literature (Holscher et al., 2006, 2012). This result
is not surprising since dead ends make it harder to explore an area and develop a

cognitive map.

Various measures, on the other hand, have negative relationships with difficulty. An
increase in axial normalised choice, for instance, caused a decrease in difficulty.
Findings related to axial choice suggest that people find it easier to navigate within
environments consisting of segments that can be used as a shortest route, which have
higher potential for frequent use. These findings conform with the findings of earlier
research about choice (Ozbil et al., 2015; Emo et al., 2012). Higher integration is a
predictor of higher movement potential. Thus, as integration increases, one can expect
to see a decrease in difficulty, since the layout becomes more accessible. The results
on integration are also consistent with the literature (Hillier, Burdett, et al., 1987,
Peponis et al., 1990; Emo et al., 2012). Furthermore, axial intelligibility also has a
negative correlation with difficulty. These findings imply that in an environment that can
be assessed from any point within itself, and so is intelligible, it would be less
challenging for people to complete a wayfinding task. Previous research also
suggested that intelligibility is significant in explaining movement (Haq & Zimring, 2003;
Kim, 1999; Conroy, 2001).

Findings of the research also suggest that not only the layout but also visibility affects
people’s results. It was discovered that weather conditions affected people’s wayfinding
abilities and it became more challenging for them to find their way as visibility
decreased. This is also consistent with the existing literature (Hurlebaus et al., 2008;
Ruddle & Péruch, 2004). Thus, no matter how careful someone is, if the environment is
complex and the visibility is low, wayfinding can become a challenge. In addition, a
negative relationship between the duration and landmark saliency was observed, which
suggests that salient landmarks help people to complete a wayfinding task faster. The
first analysis chapter of the thesis, therefore, explained the relationship between the
layout and people’s wayfinding performance. It also showed the significant impact of
weather and salient landmark conditions on wayfinding. This gives insights to future
comparative studies. If researchers aim to compare people’s wayfinding performance
in unfamiliar environments, the control of these conditions is key; otherwise, the results

would also depend on any changes in these factors.

Since no impact of global landmarks could be seen in the first study, and the impact of

salient landmarks was observed in correlation analysis in Section 5.2.3, another study
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was conducted, where different conditions, more specifically, landmarks, were
analysed. At first (see Section 5.3), the environment was kept as similar as possible so
that the changes in results could be seen by focusing only on the conditions. In order to
better understand the impact of different conditions, five levels with same layout were
analysed where the weather, maps and saliency of landmarks varied. All conditions
used in this section were predefined by the researchers of the game. Some of the
findings were consistent with the previous study. Again, the weather condition had a
more significant impact than the other conditions. No impact of landmark saliency was
observed and this finding contradicted the findings of the previous research, which
suggested that salient landmarks affect wayfinding (for example, Albrecht & Von
Stuelpnagel, 2018; Hamburger & Rdser, 2014).

The five levels compared in this study had same global landmark conditions; therefore,
they could not be used for the global landmark study. The global landmark condition
was analysed using the layouts of levels 3 and 13, which had with similar syntactic
values (see Section 5.4). It was discovered that global landmarks also affected
people’s performance. This result suggested that when the environment consists of
objects that help us to globally orient ourselves, then we can complete a wayfinding
task more easily. Similar findings were also presented by other researchers (for
example, Li et al., 2016; Li, Korda, et al., 2014; Lin et al., 2012).

8.2.2 Landmarks in unfamiliar environments

The analysis described in Chapter 5 was conducted using the complete dataset
received from the game company. The results confirmed the findings in the literature in
general, with the exception of the results about salient landmarks. To test these
findings, different questions were asked: would those predefined saliency and visibility
(global/local landmarks) categories match with people’s thoughts? If we ask non-
experts to evaluate landmarks, would the results support researchers’ (experts’)

evaluation?

Before answering those questions, definitions were proposed for landmarks for the
thesis, as well as for global and local landmarks. This was another purpose of the
thesis. A landmark is defined as any salient object that is personal, communicable and
visible either from a distance or nearby in an environment such that it can be used in
the wayfinding process for various tasks (e.g. route definition, orientation etc.). Parallel
to the previous research (Lynch, 1960), in this thesis, global landmarks are defined as
objects that can be seen from many points in an environment, but not necessarily from
everywhere. Local landmarks are defined as objects that are seen from nearby (visible

only from a limited area and only from certain directions).
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To perform more detailed analysis on landmarks, two levels of the game, levels 31 and
32, were selected and used for the saliency study. Once landmarks, including global
and local landmarks, had been identified, the saliency of the landmarks was analysed
in detail according to the categories in the literature: visual, structural and cognitive
landmarks. This also would be important in understanding the second research
question asked: “How do we select landmarks in unfamiliar environments?” In this
context, first the visual characteristics of landmarks were analysed using a survey and
by measuring objective saliency scores (Gbvs and DeepGaze Il algorithms). The
results of these two approaches were compared and no significant relationship could
be found. The survey results showed that people choose objects that are differentiated
from their surroundings by their size and colour. Similar visual characteristics had also
been stated in previous studies (Michon & Denis, 2001; Winter et al., 2005). Therefore,
landmarks can be considered to be more salient if they have a unique colour or size, or
both. Moreover, as two levels were used in this study, it was possible to compare the
evaluations for the two levels. In level 31, which had an easy landmark condition
according to the experts, participants of the survey evaluated a higher number of
landmarks as noticeable, compared to level 32, which was assessed as having a hard
landmark condition. When the videos shown to the participants were watched carefully,
it could be observed that landmarks were indeed located at more segregated points in
the environment (in level 32), with the exception of the toadstools. This finding is critical
because the landmarks were consistent between levels, as of the nine landmarks in
level 31 only two were not in level 32, and the location altered — that is, the visual
saliency was same and the structural saliency changed. This implies that changing
structural saliency can affect people’s perception of visual saliency. This finding
replicated the findings of the previous research (Albrecht & Von Stilpnagel, 2018). As
mentioned, only toadstools were rated differently and the number of people who found
toadstools more noticeable in level 32 was higher. In this level, participants were able
to see the toadstools at closer range, which may affect their saliency evaluation and
cause an increase in the number of ratings. In addition, in level 31, the toadstools were
seen with many other objects, while in level 32 they were seen alone. This can support
the findings of previous studies (Raubal & Winter, 2002; Sadeghian & Kantardzic,
2008) which stated that the existence of salient landmarks can make other landmarks

less salient.

The results of the survey were compared with experts’ saliency evaluations. The
results showed that these two evaluations were consistent for many landmarks. The
impact of context was highlighted for the landmarks where the evaluation varied; two
out of nine evaluations were different. The experts evaluated landmarks without seeing

the objects in their context while the non-experts saw the objects against the
159



background used in the game. Hence, this was considered to be a reason for this
difference. This finding might suggest that in order to measure the saliency of
landmarks, we should always consider their context in order to make a more effective
distinction, as stated by Caduff and Timpf (2008). It is found that what makes a
landmark salient is not only its visual characteristics, but also how we perceive it. If we
were to move within an environment and observe landmarks from a short distance, or
from specific locations, then we may recollect them more easily. Hence, it can be said
that both visual and structural characteristics of landmarks are significant.

The last analysis chapter of the thesis included both structural and cognitive saliency
analyses. For structural saliency, the visibility of landmarks was investigated and an
average visibility was calculated for each landmark. The visibility of landmarks is
important since it helps people to understand where they are and to complete a
wayfinding task. If a landmark is local, then it helps people to find their way in a limited
area; if it is global, it helps people to orient themselves in a larger area. Hence, this
differentiation can also be considered as a way to evaluate structurally salient
landmarks. Here, global landmarks are thought of as structurally more salient
landmarks. A threshold was identified to distinguish local landmarks from global ones.
The findings suggested that landmarks that are visible from 25% or more of the
environment are considered to be global landmarks whereas the others are considered
to be local landmarks. Of all the landmarks in these levels, only trees were identified as
global or structurally more salient landmarks. These findings were then tested using a
survey in which people were asked to evaluate landmarks as either global or local. The
results of the survey also showed that trees were evaluated as salient landmarks, in
addition to two other landmarks, namely the castle and arch. Even though the results
did not completely match between these two observations, the threshold defined here
was useful to distinguish landmarks based on their visibility. Hence, this threshold can
be applied to different environments and the landmarks can be distinguished, as global

or local, based on their visibility.

In order to identify cognitive saliency, another survey asked people to define the
objects they saw in videos. The results of the analysis showed that in an unfamiliar
environment, people tend to focus on visually salient objects. In addition, it was
observed that structural salience affected the results in unfamiliar environments, which
was rarely mentioned in the literature. Therefore, in this study we observed the impact
of visual and structural saliency in virtual, unfamiliar environments and no direct impact
of cognitive salience could be seen. Other studies also discussed that cognitive
salience can be closely related to visual salience in unfamiliar environments (Quesnot

& Roche, 2015b). In addition, the findings also provide support for the importance of
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spatial positioning of landmarks in determining landmark salience in navigation (Michon
& Denis, 2001): objects encountered in close proximity to the navigator when travelling
were judged highly salient despite their low visual saliency. Hence, the results were
similar to the findings of the existing literature. All these findings are combined as a
final step and an overall saliency score was found for each landmark examined in this
thesis. Hence, all points mentioned in the landmark literature were considered in this

thesis and they were analysed using various measures.
8.3 Contributions of the thesis

This thesis contributes to the existing wayfinding literature in various dimensions. First
of all, in the first analysis chapter of the thesis the largest dataset ever used in this type
of research was deployed to examine the factors that might affect people’s wayfinding
performance. This dataset contained results from approximately 1.5 million people who
contributed to the study by playing SHQ. Moreover, 45 levels of the game were used
and compared. The dataset introduced here and the results were significant in
themselves, since the existing literature focused on a limited dataset. By using this
dataset, accurate results about the factors that shape people’s wayfinding behaviour
were defined, and that was another contribution of the current research. Hence, the
findings of this study supported the findings of the previous research and highlighted
the significance of complexity measures in unfamiliar environments. Not only the layout
but also different conditions associated with the weather, map and landmarks were
investigated. The studies on the impact of weather and the readability of the map were
also limited in the literature. Therefore, it was also important to touch upon these
factors. Moreover, previous studies on the impact of visibility of landmarks on
wayfinding concluded different results. In this study, by comparing two similar layouts
of SHQ, the impact of global landmarks was investigated. It was discovered that the
existence of global landmarks improved people’s wayfinding performance. Hence, it
can be claimed that not only local landmarks but also global landmarks are significant

in wayfinding. This was another contribution of this research.

In the following analysis chapters, different characteristics of landmarks were evaluated
and three landmark salience criteria were used: visual, structural and cognitive. All
characteristics were evaluated in this study using a multitude of objective measures,
which is rare in the existing literature. First, visual saliency was evaluated through the
use of objective saliency measures and a survey. There are few studies that have
combined automatic saliency detection tools and wayfinding behaviour (Psarras et al.,
2019; Grzeschik et al., 2019). In the current study, two automatic saliency detection
tools were tested to see whether or not they corresponded with people’s evaluations. In

addition, experts’ saliency evaluations were compared with those of non-experts. This
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was also quite limited in the literature. To the best of author's knowledge, there were
two other studies where experts’ saliency evaluations were compared with those of
non-experts (Holscher & Dalton, 2008; Cheng, 2009). These three perspectives — using
a survey, using automatic tools and comparing survey results with experts’ results —

therefore, can be seen as significant in explaining visual saliency.

Another gap in the literature was also examined in this study. It was stated that the
distinction between global and local landmarks was unclear. By using two levels of
SHQ and by calculating an average visibility value for each landmark, a threshold was
determined. Landmarks that are visible for more than 25% of travel time are defined as
global landmarks and the rest of the landmarks are thought of as local landmarks. This
clarification would allow future studies to distinguish global landmarks from local ones
more easily. A different technique (a Java program showing the landmark visibility for
each participant-see section 4.8.3) was also used here to visualise landmark saliency
and saliency was evaluated for each participant during a wayfinding task, which can be
claimed as another contribution of the current study. Since structural saliency related to
the location of landmarks, and how much they help people to orient themselves in an
environment, global landmarks were considered as structurally salient landmarks in this

study.

Furthermore, cognitive saliency was also addressed in this study and, rather than
focusing on objects with explicit markings (Nothegger et al., 2004; Raubal & Winter,
2002) or by considering their functions (Lazem & Sheta, 2005), people’s personal
saliency evaluations were investigated in a manner similar to that used in a previous
study (Go6tze & Boye, 2016). Here a survey was created and people were asked about
the landmarks they remembered. Linguistic analyses were used to investigate this
question, which is also unusual in landmark saliency literature. The analyses were
completed using an overall saliency graph. All three characteristics discussed
throughout the thesis were combined and the most salient and the least salient
landmarks were listed. Hence, all main topics discussed in the landmark literature were
touched upon. The thesis contributed to the wayfinding literature by using a number of
measures, including complexity measures as well as Space syntax, in addition to

analysing landmarks.

Finally, the overall saliency score was described using a 3D scatterplot. An overall
saliency score was described as described in the review in Chapter 3. The method
followed here was unusual since this is the first study to show the overall saliency using
a 3D scatterplot, to the best of author’s knowledge. This, therefore, can be considered

as another contribution.
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8.4 Implications of the findings

As well as contributing to the theory, this thesis also has valid practical implications.
Findings here suggest that people get lost more easily when an environment is
“‘complex”. Therefore, it is important for architects at the building scale, and urban
planners and designers at the urban scale to control the layouts they design by using
complexity measures. When we plan a park or an entertainment centre, for instance,
we might consider having complex systems inside those areas. In this case we can
increase the number of intersections, have shorter segments, and provide many
alternative and similar paths to follow, which would make the environment one in which
it is hard to way-find. These areas can be attractive for people who like to test their
abilities to find their way or who basically want to get lost. If, however, we design a
building or an urban area, then we may prefer to make it simple and easy to navigate.
In this case, it is important to consider the measures mentioned in this thesis and

analyse the developed areas accordingly.

As it is stated here, increased visibility is another important factor in environments for
people to find their way more easily and quickly. Therefore, if we were to plan a
building, it would be important to place significant functions that will be used by many
people at highly visible points. Similarly, if the whole building, or environment, is highly
visible, then it would also be easier for people to circulate within these systems. These
implementations would make wayfinding easier for people who are unfamiliar with
these systems. However, it is also important to consider walkability. Previous research
discussed that it is important to have shorter urban blocks, which can be achieved by
increasing the number of decision points and decreasing the segment length, to have
more walkable spaces (Jacobs, 1961) or to prevent the feeling of discomfort
(Salingaros & Pagliardini, 2016). In this context, research on walkability also focused
on the capacity of urban systems to permit movement of people and stated that it is
important to have shorter segments to have more movement (Ujang et al., 2012).
These components are significantly important for local people who are familiar with an
environment. Thus, at the urban scale, it is important to have a balance between
simple layouts and the ease of walking. While one group, visitors, would like to have
simpler layouts to explore, another group, the locals, would be keen to have “easy
solutions” (e.g. short cuts). It would be beneficial for architects and planners to have
harmony in a planned environment where these two groups would easily navigate

themselves.

Research has already shown the impact of landmarks on finding a location (Klippel &
Winter, 2005) or on orientation (Michon & Denis, 2001). In this research, the impact of

global landmarks on people’s wayfinding performance was also highlighted. The most
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effective characteristics of landmarks, those which make them salient, were also
discussed. Therefore, it can be stated that to make wayfinding tasks easier, it is
important to use landmarks. Here, the approach of a previous study can be used to
explain how to adapt landmarks to the buildings or cities of today (Winter et al., 2008).
Winter et al. defined landmarks and used voronoi regions to define the catchment
areas of landmarks. If we can do the same and define regions with highly salient
landmarks, especially those which are visually and structurally salient, then it might be
easier for people to find their way and orient themselves in any part of an environment.
By using different characteristics of landmarks, such as colour or size, it is also
possible to create more attractive environments. Moreover, landmark-based mobile
applications can also be developed to detect salient landmarks, in which the measures
introduced here can be used. It was mentioned in the literature review (Section 3.5.1)
that different mobile applications were created (see, for example, Wolfensberger &
Richter, 2015). To make the detection tools more efficient, it is important to focus on
personal saliency scores, as was done in this study, and integrate people’s evaluations

into the process as much as possible.
8.5 Limitations
8.5.1 Limitations related to the case study

This study also has limitations that should be acknowledged. The benefits of using
SHQ as a case study were mentioned in the thesis. However, there are also limitations
related to the game. First, during the data collection, people were not tested in a
laboratory environment and their results were collected online. Hence, their attention
level could not be controlled while playing the game. Even though the game
environments were tested and compared with real environments (Coutrot, Schmidt, et
al., 2018) and a significant relationship was found, this could be the first limitation of the

current study.

The second limitation of this research was related to the game’s design process. Since
the researchers had a limited time, overall saliency scores were defined for landmarks
and, rather than considering each level individually, researchers determined landmark
salience from the visual characteristics of landmarks, as they saw landmarks
independent from their context, against a white background. Due to this process, their
saliency evaluation did not completely match with non-experts’ salience evaluations in
this study. The results may have been different if experts could see the landmarks in

context.

Another limitation of the study is that the saliency of landmarks was analysed using two

levels of the game. Nine landmarks were analysed in level 31 and seven landmarks
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were analysed in level 32. Even though the landmarks varied in visual characteristics
(colour, shape, size etc.), the number of landmarks was still limited to conduct
statistical analysis. Moreover, in the saliency analyses, participants watched videos
instead of actively navigating themselves in the environments. This was deliberately
done to ensure that people focused fully on landmarks. However, as the content of the
task can affect visual attention, the results of the survey could be different in a study
where people actively navigated themselves rather than passively watching the pre-
recorded videos.

In addition, structural saliency has most commonly been analysed by considering
objects at decision points or on routes. In this study, because of the simple nature of
the layouts of the first levels, there was no opportunity to make this kind of
categorisation of landmarks. This was another limitation of this study, which
necessitated the use of the alternative method of using the visibility of landmarks to

determine their catchment areas, as described in Chapter 7.
8.5.2 Limitations of the method

There are also limitations related to the approach followed in this study. First, while one
object type, tree, was defined as a structurally salient landmark according to the
defined threshold, the results of the survey identified two extra objects as global
landmarks. This could imply that either the way the threshold is defined should be
reconsidered, or factors other than visibility that might affect people’s ratings should be
considered. For the former idea, the distribution of the calculated percentage of the
journey for which the objects are visible was checked and a threshold was defined
using a standard formula. Another method of defining the threshold could be tested to
identify how the survey results compared with the new threshold. For the latter idea,
consideration should be given to how people’s landmark visibility rating may have been
affected by other characteristics of landmarks, which could cause different results. For
instance, it can easily be stated that the time period during which participants saw the
arch while watching the video was limited; however, people still evaluated it as a global
landmark. If a global landmark is defined as an object that can be seen from a great
number of vantage points, the arch should also have been visible from a great number
of points during a defined route. Is it possible that people are affected by other aspects
of landmarks, such as their visual characteristics? Even though the global landmark
definition was developed before the commencement of the survey and briefly repeated
immediately before people’s evaluation, visual characteristics of landmarks (e.g.
landmark size) can be assumed to shape people’s evaluation and affect the results.

This can be thought of as another limitation of the current study.
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Furthermore, while analysing the landmarks, all predefined landmarks were used.
However, Study-1l of Chapter 7 pointed to additional potential landmarks. For instance,
the background trees and topography were also mentioned by the participants, but
these were not defined as landmarks by the experts. Answers were also received that
focused on the changes in the environment: “Ground level was higher than in the
previous video”, “Much higher banks, as the previous landscape had shallower incline”,
“The river banks were much higher and steeper”. Either the topography or the
background were considered as landmarks in this study. However, future research can
also consider these factors and analyse them as landmarks to evaluate how salient
they are. Also, it would be more meaningful for future studies to ask people for their
landmark descriptions first and define landmarks accordingly. Then the visual and
structural characteristics of landmarks could also be analysed using all the landmarks

mentioned by people.

Additionally, several limitations were also defined for the algorithms used to define

visual saliency, which are mentioned in the following subsection.
8.5.3 Model-based limitations

As mentioned earlier, objective saliency models alone were not sufficient to understand
the results of the survey of visual saliency. This can be explained through model-based
limitations. One of the model-based limitations is due to the relative position of
individual objects. For instance, if an object is close to a salient one, this could affect
the saliency scores of the object and make it a salient landmark as well. However, in
contrast, previous studies have argued that the existence of a salient landmark may
make another one less salient, as it decreases the probability of the other object being
selected as a point of reference (Raubal & Winter, 2002; Sadeghian & Kantardzic,
2008)). Therefore, the saliency regions (as in DeepGaze Il model) that are described
through the use of models can become misleading, especially when the objects are
quite close to each other or when one of them is in front of another, as shown in Figure
40c—d. Similarly, the backgrounds of the objects also affected our analysis, as they
affected the saliency of objects. For example, the trees located further away than the
plant whose saliency was being considered had a colour that blended in with the
background. The trees were detected as salient objects in some of the images and
they had an impact on the results of the plant (please see Figure 40a—b). Hence,
models could be more sensitive in relation to overlapping objects or they could

consider the locational relationships.

166



Figure 40: An example of the anomalous results from the saliency software: a. shows the image used to
measure the saliency of the plant that is shown within a white circle, and b. shows the impact of the
background on the Gbvs model. Because of the trees in the background, the plant is also detected as a
salient object. c. shows the image used to measure the saliency of toadstools, and d. shows the impact of
the castle on the DeepGaze Il model. Objects around the castle, the toadstools and stones, are also
detected as salient.

A second limitation is that saliency models were tested with only images rather than
dynamic scenes due to the nature of the algorithms. Even though they were sufficient
to explain an image and the saliency of objects in that image, they were unable to
explain people’s choices in dynamic scenes. Hence, new models could be developed
that could analyse videos rather than static images to better understand and measure
the saliency of objects. Recently, video saliency detection has attracted the attention of
researchers, since image-based detection depends on the calculation of low-level
features, which change dramatically in video scenes, and as videos need more
attention to extract saliency information between consecutive frames (Bi et al., 2019).
Hence, video saliency detection (Bi et al., 2019; Li et al., 2019; Leifman et al., 2017) as
well as saliency in virtual reality (Sitzmann et al., 2018) has been studied by different
researchers. More research is needed to detect salient objects and, as a next step, one
of the video-based saliency detection models can be used to see if it is sufficient to

explain people’s choices.
8.6 Future research directions and applications

Further work can be conducted to better study landmarks. First, a limited number of
studies have explored the relationship between automatic saliency detection tools and
wayfinding. In this study, two popular image-based detection tools were used. Future
studies can use video-based saliency detection tools (Bi et al., 2019; Li et al., 2019;
Leifman et al., 2017) or saliency tools that use virtual reality (Sitzmann et al., 2018),
and compare these results with people’s saliency evaluations. The relationship
between people’s saliency evaluations and the algorithms may be significant using
different tools. Or, if the image-based algorithms are improved considering the

suggestions here, they could also be tested.
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In addition, mobile-based saliency systems are another important topic that can be
elaborated on further. Previous studies have stated various challenges to the effective
use of landmarks by navigation services (Richter, 2013). This research discussed how
salient landmarks can be identified and which measures can be used. Future research
on mobile-based systems, therefore, can use the criteria mentioned here and adapt
them to an application. It would be interesting to see whether or not their findings
support the results of this research. In addition, it was observed that the location of
landmarks and the context are also important in saliency evaluation. Future studies can
be conducted using different environments and structurally salient and less salient
landmarks. In this respect, the orientation of landmarks along a route might be another
key issue that can be explored. If a landmark has different facades from different
perspectives, then people’s evaluations would also be affected. Hence, future studies
can focus on the impact of landmark orientation on saliency, in addition to the other
components. It was also stated that eye tracking can be used in wayfinding studies and
to detect landmarks. Hence, more studies can be performed and eye tracking data can

be used to explore visual saliency.

In this study, a threshold was also defined to detect global landmarks. This threshold
can be used in future studies in both real and virtual environments, and global and local
landmarks can be defined accordingly. Then, it would be possible to examine the
impact of both types of landmarks on wayfinding.

Finally, in the reviews (Chapter 3), it was observed that people’s landmark selection is
related to their familiarity with the environment and is affected by the given task and the
layout of the environment, such as grid or organic format. Hence, further research can
be conducted with people who are familiar and unfamiliar with an environment, or using
different tasks (e.g. wayfinding, route description) and environments. This would help

researchers to examine the impact of these different factors in detail.
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POST-SCRIPT

This thesis contributes to the wayfinding and landmark literature and practice in various
ways, as explained in the previous chapters. In a broader sense, the impacts of
dementia were discussed in the Preface, indicating that it is even more crucial to create
environments where everybody can find their way easily, including people with
dementia. This research, hopefully, will not only give insights to studies about
architecture and the built environment, but it will also contribute to research related to
dementia. Here, an overall picture has been drawn of how people find their way in
environments and what makes it harder and easier to way-find. Different environments
can be created using the metrics here, and they can be tested by analysing the
performance of healthy people and people with dementia, for instance. Alternatively, by
using clusters of levels, as suggested in this study, different levels of SHQ with different
complexity can be selected and used in dementia-related studies. There are several
alternative ways to adapt this study to dementia-related research. It is hoped that these
will be investigated by the researchers and a connection will be made, and that, by
doing this, dementia will also be better understood. Furthermore, it is hoped that
environments will be created in the future where both healthy people and people with
diseases that cause confusion in orientation and make it harder to way-find, can find

their way more easily.
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APPENDIX

Table A 1: Conditions of all wayfinding levels

Level | Theme Type Difficulty Landmarks Global Weather | Map

1 Arctic Rivers Simple Super Easy Normal

2 Arctic Rivers Simple Super Easy Easy Yes Clear Normal

3 Arctic Rivers Simple Super Easy Easy Yes Clear Normal

6 Arctic Rivers Checkpoint Easy Easy Yes Clear Normal

7 Arctic Rivers Checkpoint Easy Easy Yes Clear Normal

8 Arctic Rivers Checkpoint Easy Easy Yes Clear Obscured
11 Arctic Rivers Checkpoint Easy Easy Yes Clear Normal
12 Arctic Rivers Checkpoint Easy Easy No Fog Normal
13 Arctic Rivers Checkpoint Easy Easy No Clear Normal
16 Golden Shores | Checkpoint Easy Easy No Clear Normal
17 Golden Shores | Checkpoint Easy Hard Yes Clear Normal
18 Golden Shores Checkpoint Easy Easy No Clear Obscured
21 Golden Shores | Checkpoint Easy Hard No Fog Normal
22 Golden Shores | Checkpoint Easy Easy No Clear Obscured
23 Golden Shores | Checkpoint Medium Hard Yes Clear Obscured
26 Golden Shores Checkpoint Medium None Yes Clear Normal
27 Golden Shores | Checkpoint Medium Hard No Fog Normal
28 Golden Shores | Checkpoint Medium None Yes Clear Obscured
31 Mystic Marshes | Checkpoint Medium Easy Yes Clear Normal
32 Mystic Marshes | Checkpoint Medium Hard Yes Clear Normal
33 Mystic Marshes | Checkpoint Medium Hard No Fog Obscured
36 Mystic Marshes | Checkpoint Easy Easy No Fog Obscured
37 Mystic Marshes | Checkpoint Medium Hard Yes Clear Obscured
38 Mystic Marshes | Checkpoint Medium Easy No Fog Obscured
41 Mystic Marshes | Checkpoint Easy None No Clear Obscured
42 Mystic Marshes | Checkpoint Medium Hard No Fog Normal
43 Mystic Marshes | Checkpoint Medium None No Fog Normal
46 Kano Reef Checkpoint Easy Easy Yes Clear Normal
47 Kano Reef Checkpoint Medium Easy No Clear Obscured
48 Kano Reef Checkpoint Hard Easy No Clear Normal
51 Kano Reef Checkpoint Easy Hard No Clear Obscured
52 Kano Reef Checkpoint Hard Easy No Fog Obscured
53 Kano Reef Checkpoint Hard None Yes Clear Normal
56 Kano Reef Checkpoint Hard Easy No Clear Normal
57 Kano Reef Checkpoint Hard Hard Yes Clear Normal
58 Kano Reef Checkpoint Hard Easy No Clear Obscured
61 High Rollers Checkpoint Easy Easy Yes Waves Normal
62 High Rollers Checkpoint Medium Hard Yes Waves Normal
63 High Rollers Checkpoint Medium Hard No Waves Obscured
66 High Rollers Checkpoint Easy None No Waves Obscured
67 High Rollers Checkpoint Hard None Yes Waves Normal
68 High Rollers Checkpoint Medium Easy No Fog Obscured
71 High Rollers Checkpoint Hard Easy No Waves Normal
72 High Rollers Checkpoint Hard Easy No Fog Normal
73 High Rollers Checkpoint Hard Hard Yes Waves Obscured
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Figure A 1: An example of an axial map produced for all wayfinding levels
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Figure A 2: An example of a segment map produced for all wayfinding levels
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Figure A 3: Results of the two-dimensional scaling (MDS). All components in the first analysis chapter are
used in this visual.

Table A 2: Instructions for the visual saliency survey study

Hi!
Thank you for participating in this study. It is part of Demet Yesiltepe's PhD
research at the University of Northumbria in Newcastle, UK.

If you agree to take part in this study, first you will be asked some standard
demographic questions. Then you will complete a questionnaire (in the next
sections) in which you will be shown 2 videos and some images. You will be asked
questions about the videos you are shown. The whole questionnaire should take

no longer than 10 minutes.

198



Any responses to the questions that you give us will be held securely on
password-protected computers, with data stored on a secure and encrypted

server area. Anonymity will be maintained at all times.

The project has been approved by the Ethics Committee of the University of
Northumbria.

If you have any questions, concerns or problems, you can contact me via email:

demet.yesiltepe@northumbria.ac.uk

If you agree to participate by taking part in the study, please make sure that for

the next few minutes nothing is likely to distract you from your computer.

1. | understand that my participation in this questionnaire is voluntary
and that | am free to withdraw at any time without giving a reason and
without detriment to myself. *

e Yes, | understand

2. | agree to my responses being retained indefinitely for further

research by the researchers related to the topic of the study. *
e Yes, | understand
3. | understand that my data will remain confidential unless requested
otherwise. *
e Yes, | understand
4, | agree to take part in this questionnaire. *
e Yes, | understand

*Required questions

Thank you again for participating. In this study, you will be asked to watch two
videos that have been recorded in a virtual environment. In these environments,
you will see a boat navigating through a canal/river. The boat will travel to a
series of destinations. Please watch these videos and pay attention to the

landscape through which the boat is moving.
Please follow all the steps below one by one.
Before we start, can you please answer the following questions?

5. What gender are you? (F/M/O)
6. How old are you? (Open Ended)
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Experiment-I|
Now you will be able to view the first video and will be asked to answer some very

short questions based on this video.

Please do not move to the next page before the video ends and pay attention to
the landscape through which the boat is moving.

(Video is inserted here)

Survey

In the series of questions below you will see a set of images of objects, all of which
appeared somewhere in the video of the environment that you have just viewed (it
does not matter if you do not recall seeing them. The video was simply to give you
an idea of the environment within the objects appear). Please consider how much
you think these objects might attract your attention. Choose "highly noticeable" or
"noticeable" for the objects that most attract your attention "fairly unnoticeable" or
"unnoticeable" for the objects that least attract your attention.

(Images are inserted here)

Experiment-II
The survey of the first video has been completed! Now, please start to view the
second video and then answer the questions.

Please do not move to the next page before the video ends and pay attention to
the landscape through which the boat is moving.

Please do not go back to the previous page unless you would like to change your
answers for the images.

(Second video is inserted here)

Survey

In the series of questions below you will see a set of images of objects, all of which
appeared somewhere in the video of the environment that you have just viewed (it
does not matter if you do not recall seeing them. The video was simply to give you
an idea of context). Please consider how much you think these objects might
attract your attention. Choose "highly noticeable" or "noticeable" for the objects
that most attract your attention "fairly unnoticeable" or "unnoticeable" for the

objects that least attract your attention.

(Imaaes are inserted here)
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Tree

unnoticeable  fairly unnoticea... neither noticea... noticeable  highly noticeable

Image 2

Figure A 4: A screenshot from the visual saliency survey study. On the right, participants saw the image as
it was in the video, and on the left, they saw the mentioned landmark with a transparent background.
Participants were then asked to choose an option that represents the landmark (5-point Likert scale).
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Figure A 5: Results of the Gbvs and DeepGaze Il algorithms for level 31

202



SURVEY IMAGE

GBVS

DG-lI

GRASS TREE STUMP TOADSTOOL S STONE

Figure A 6: Results of the Gbvs and DeepGaze Il algorithms for level 31
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Figure A 7: Results of the Gbvs and DeepGaze Il algorithms for levels 31 and 32
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Figure A 8: Results of the Gbvs and DeepGaze Il algorithms for level 32
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Table A 3. Instructions for the structural saliency survey study

Hi!

Thank you for participating in this study. It is part of Demet Yesiltepe's PhD
research at the University of Northumbria in Newcastle, UK.

If you agree to take part in this study, first you will be asked some standard
demographic questions. Then you will complete a questionnaire (in the next
sections) in which you will be shown 2 videos and some images. You will be asked
questions about the videos you are shown. The whole questionnaire should take

no longer than 10 minutes.

Any responses to the questions that you give us will be held securely on password-
protected computers, with data stored on a secure and encrypted server area.

Anonymity will be maintained at all times.

The project has been approved by the Ethics Committee of the University of

Northumbiria.

If you have any questions, concerns or problems, you can contact me via email:

demet.yesiltepe@northumbria.ac.uk.

If you agree to participate by taking part in the study, please make sure that for the
next few minutes nothing is likely to distract you from your computer (you might
wish to consider turning off your computer’s pop-ups or alerts, turning off your

phone or putting it on silent etc).

If you agree to participate by taking part in the study, please make sure that for the

next few minutes nothing is likely to distract you from your computer.

1. | understand that my participation in this questionnaire is voluntary and
that 1 am free to withdraw at any time without giving a reason and
without detriment to myself. *

e Yes, | understand
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2. | agree to my responses being retained indefinitely for further research
by the researchers related to the topic of the study. *
e Yes, | understand
3. | understand that my data will remain confidential unless requested
otherwise. *
e Yes, | understand
4. | agree to take part in this questionnaire. *
e Yes, | understand

*Required questions

Thank you again for participating.
Please follow all the steps below one by one.
Before we start, can you please answer the following questions?

What gender are you? (F/M/O)
How old are you? (Open Ended)
3. What is your education level? (No formal education/high school/

college/ university)

Definition of Global and Local landmarks

There are two definitions you need to know for this study: global and local

landmarks.

A global landmark is an object that can be seen from a large number of different
places in an environment, (built or natural) but not necessarily from everywhere. A
local landmark can be seen from close-up (they are typically memorable yet often

of a smaller scale).

See the images below. Global landmarks can be seen from various points;

whereas local landmarks can only be seen from close-up.
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Lin et al., Gender differences in wayfinding in virtual environments with global or local landmarks

Global landmark example Local landmark example
(tower) (picture)

. -

Steck and Mallot., The Role of Global and Local Landmarks in Virtual
Environment Navigation

Global landmark example Local landmark example
(mountain) (house)

Experiment-I

Next you will be able to view the first video and will be asked to answer very short

guestions based on this video.

Please do not move to the next page before the video ends and please pay

attention to the landscape through which the boat is moving.

(Video is inserted here)

In the series of questions below you will see a set of images of objects, all of which
appeared somewhere in the video of the environment that you have just viewed (it
does not matter if you do not recall seeing them. The video was simply to give you

an idea of the context in which the objects appear).

Please, categorise each landmark as either a "global* (can be seen from many

points) or as a "local" (can be seen from a limited area) landmark?
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Experiment-II

The survey of the first video has been completed! Now, please start to view the
second video and then answer the questions.

Please do not move to the next page before the video ends and pay attention to
the landscape through which the boat is moving. Please do not go back to the
previous page unless you would like to change your answers for the images.

(Video is inserted here)

In the series of questions below you will see a set of images of objects, all of which
appeared somewhere in the video of the environment that you have just viewed (it
does not matter if you do not recall seeing them. The video was simply to give you
an idea of the context in which the objects appear).

Please, categorise each landmark as either a "global" (can be seen from many
points) or as a "local" (can be seen from a limited area) landmark?
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Table A 4: Instructions for the cognitive saliency survey study

Hi! Thank you for participating in this study. It is part of Demet Yesiltepe's PhD

research at the University of Northumbria in Newcastle, UK.

For the context of the study, it is important for the survey to be taken by native

English speakers. So please follow the next steps if you are a native speaker.

If you agree to take part in this study, first you will be asked some standard
demographic questions. Then you will complete a questionnaire (in the next
sections) in which you will be shown 2 videos. You will be asked one question for
each video you are shown.

Any responses to the questions will be held securely on password-protected
computers, with data stored on a secure and encrypted server area. Anonymity will

be maintained at all times.

The project has been approved by the Ethics Committee of the University of
Northumbria.

If you have any questions, concerns or problems, you can contact me via this

email address: demet.yesiltepe@northumbria.ac.uk

If you agree to participate by taking part in the study, please make sure that for the

next few minutes nothing is likely to distract you from your computer.

1. | understand that my participation in this questionnaire is voluntary and
that | am free to withdraw at any time without giving a reason and
without detriment to myself. *

e Yes, | understand

2. | agree to my responses being retained indefinitely for further research

by the researchers related to the topic of the study. *
e Yes, | understand
3. | understand that my data will remain confidential unless requested
otherwise. *
e Yes, | understand
4, | agree to take part in this questionnaire. *
e Yes, | understand

*Required questions
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Thank you again for participating.
Please follow all the steps below one by one.

Before we start, can you please answer the following questions?

5. Are you a native English speaker?* (Y/N)

6. What gender are you? (F/M/O)

7. How old are you? (Open Ended)
Experiment-I

In this study, you will be asked to watch two videos that have been recorded in
virtual environments. In these environments, you will see a boat navigating through
a canal/river. The boat will travel to a series of destinations. Please watch these

videos and pay attention to the landscape through which the boat is moving.

Now you will be able to view the first video and will be asked to answer a question
based on this video. Please do not move to the next page before the video ends
and pay attention to the landscape through which the boat is moving.

(Video is inserted here)

Survey

Which objects or landmarks did you see in the video? Please name them, and
describe each of them in a couple of sentences (you can mention anything that
comes to mind about them).

(Open ended question-long answer text)

Experiment-II

The survey of the first video has been completed! Now, please start to view the

second video and then answer the question.

Please do not move to the next page before the video ends and pay attention to

the landscape through which the boat is moving.

(Second video is inserted here)
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Survey

Which objects or landmarks did you see in the video? Please name them, and
describe each of them in a couple of sentences (you can mention anything that

comes to mind about them).

(Open ended question-long answer text)
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Figure A 9: The descriptions used by people for some of the landmarks in level 31
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Figure A 10: The descriptions used by people for the rest of the landmarks in level 31
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Figure A 11: The descriptions used by people for some of the landmarks in level 32
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Figure A 12: The descriptions used by people for the rest of the landmarks in level 32
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