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ABSTRACT

THE SENSE OF DIRECTION IN VIRTUAL ENVIRONMENTS

Z. Gozde Kutlu
MFA in Interior Architecture and Environmental Design
Supervisor: Assoc. Prof. Dr. Halime Demirkan
May, 2005

Improvements in the computer technology lead people to investigate the
potential of the virtual environments. The spatial factors, that are significant
for spatial navigation in real- world environments, are important also in virtual
environments. Performances of people during navigation through a virtual
environment may be influenced by the individual differences as well as the
learning method of the layout. In this experiment, sense of direction as an
important spatial ability has been investigated considering the influence of
gender and learning methodology in the virtual environments (VEs). The
analysis of the experiment showed that sense of direction has a positive
effect on the performances of the independent viewpoint participants in
misaligned questions. Apart from this, contrary to the earlier bias, no
significant difference was found related to gender and sense of direction

ability as well as the learning performances of the participants in the VE.

Keywords: Spatial Cognition, Sense of direction, Virtual Environments.
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OzZET

SANAL ORTAMLARDA YON BULMA YETiSi

Z. GOzde Kutlu
ic Mimarlik ve Cevre Tasarimi Bélimii
Yuksek Lisans
Tez Yodneticisi: Dog. Dr. Halime Demirkan
Mayis, 2005

Bilgisayar teknolojisindeki gelismeler insanlari sanal ortamlarin potansiyelini
arastirmaya yonlendirmistir. Rota belirleme konusunda gercek hayatta etkili
olan mekansal faktorler sanal ortamda da énemlidirler. Sanal ortamda rota
belirleme sirasinda insanlarin performansilari, bireysel farkliliklarin yani sira
mekani 6grenme yonteminden de etkilenebilir. Bu ¢aligmada, mekan
ogrenmede dnemli olan yon bulma yetisinin yani sira, cinsiyet ve 6grenme
yonteminin sanal ortamdaki etkileri arastiriimistir. Yapilan analizlerde, yon
bulma yetisinin, mekani bagimsiz bakis agisiyla 6grenen katilimcilarin
tersten sorulan sorulari cevaplamasinda olumlu yonde dnemli etkisi oldugu
saptanmigtir. Bunun disinda, geleneksel inancin tersine, cinsiyet ile yon
bulma yetisi ve katilimcilarin mekani 6grenme performanslari arasinda sanal

ortamda yapilan ¢aligmada 6nemli bir iligki bulunamamisgtir.

Anahtar sozciikler: Mekansal Bilisim, Yon Bulma Yetisi, Sanal Ortamlar
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I. INTRODUCTION

1.1. Problem

Human spatial abilities have been investigated for many years. The reason of
why some people are better than the others in wayfinding is still a mystery
that is trying to be understood (Waller, 2005). One of the approaches in
understanding individual differences in wayfinding process is to examine the

human sense of direction in the context of environment and spatial cognition.

Developments in computer technology lead people to investigate the
opportunities of virtual environments. Navigation through a virtual
environment, and the factors that affect the cognition of people during
navigation were tried to be understood in order to make improvements in this
subject. The sense of direction as a personal ability was accepted having an
impact on people while navigating in an environment. Since the early
explanations of Kozlowski and Bryant in 1977, the common belief about the
sense of direction is its positive relation with understanding the environment

during a travel in a real world environment.

There is a widespread usability for virtual environments (VEs) nowadays.
One can either navigate in a virtual campus or a virtual museum with a

reasonable effort. Technological improvements provide people with many



opportunities for means of navigation in many areas from education to
entertainment by using VEs. In the present study, to better understand about
the cognition of people in VEs during the navigation, the sense of direction as
a personal trait has been investigated as well as the influence of gender and

the learning style of the environment.

The style that people use to learn their environments may influence their
accuracy about that environment. Waller, Montello, Richardson & Hegarty
(2002) stated that the alignment effects can appear if spatial relationships are
coded with respect to a special orientation. Making judgments related to
viewing perspective and the 180° opposite direction from the learning
direction is important to understand the memory for spatial layouts. Loomis,
Lippa, Klatzky & Golledge (2002) stated that spatial updating “refers to the
ability of moving a person to mentally update the location of a target initially

seen, heard, or touched from a stationary observation point” (p.335).

For this reason, in the present study, the subjects who learn the whole

environment with a fixed point of view, are expected to be more accurate in
misaligned questions, which are designed 180° opposite direction from the
learning direction of the layout. Since they have got the chance to observe

the whole layout than focusing only one scene of the VE.

Navigation as a part of learning the environment is important in human life,
both in real —world environment and in VEs. A better understanding of the

spatial factors related to spatial navigation may lead people to use VEs more



beneficially, since there are some evidences that navigation strategies and
behaviors were similar in VE and in real world environment (Darken &
Georger, 1999). Moreover, male superiority over female about spatial
navigation has still been a controversial subject. This may be a bias, which

still needs to be researched.

1.2. Scope of the Thesis

Starting with the problem definition in Chapter 1, this study includes the
importance of the navigation in virtual environments as well as in the real
world environments. Due to the technological innovations in the computer
technology, use of virtual environments has been diversified from
entertainment to educative purposes. For this reason, it is important to
understand the factors that have an impact on human spatial cognition during
navigation. The ‘sense of direction’ as a spatial ability has been mentioned
among other factors such as gender and influence of the learning style of

environment.

Chapter 2 includes the literature review related to spatial cognition. The
subtitles are as follows: wayfinding in spatial cognition, types of acquired
spatial knowledge, mental abilities to obtain spatial knowledge, spatial
representation on cognitive maps, spatial reference systems, and orientation
specificity in spatial cognition. Types of spatial knowledge are classified into
three groups as landmark- based, route- based and survey knowledge. The
information that comes from the landmark arrangement is also categorized

as non- metric and metric spatial information. The mental abilities to obtain



spatial knowledge are grouped as ‘egocentric spatial updating’ and
‘perspective taking’. The cognitive maps which are called the ‘spatial
representations’ are classified as route maps and survey maps. Furthermore,
the spatial reference systems that help us to learn the location of an object
are explained under the titles of ‘egocentric’ and ‘environmental reference’
systems. Finally, the orientation specificity in spatial cognition is explained

within aligned and misaligned questions.

Chapter 3 includes information related to spatial cognition and sense of
direction. Starting with the meaning of the term ‘sense of direction’, the
chapter continues with the explanations of ‘good sense of direction’ (GSOD)
and ‘poor sense of direction’ (PSOD) that emphasize the importance of the
sense of direction in learning an environment. Since there are some
arguments that sense of direction ability differs based on gender, the relation
between gender and sense of direction is researched in the following section.
Moreover, sense of direction as a self- report test, its validity and information
about ‘Santa Barbara Sense of Direction’ (SBSOD) test, which was invented
in 2002 by Hegarty, Richardson, Montello, Lovelace & Subbiah (2002), are
explained in detail. Sense of direction in virtual environments (VEs) and

advantages of working in VEs are included in the final section of the chapter.

The experiment is explained in Chapter 4. Starting with the research
questions and hypotheses, the aim of the study is explained. Then, the
participants and the task are defined. All the related question forms; Santa

Barbara Sense of Direction (SBSOD) which is used to measure the sense of



direction ability of the participants, and the question forms which are
constructed to measure the relationship between the learning direction and
the sense of direction ability of the participants in a VE are explained. Finally,

the analysis and results of the experiment are given.

The present findings of the experiment and comparison with the findings and
statements of the previous studies related to the subject are discussed in
Chapter 5. Chapter 6 which is about conclusion summarizes the general
findings of the research and includes further implications related to the

experiment.



2. SPATIAL COGNITION

There is a dynamic process in knowing an environment. The current state of
information is regularly updated, and supplemented (Golledge, 1999). Arthur
and Passini (1992) defined cognition as “understanding and being able to
manipulate information” (p. 33). Spatial cognition is defined as “the
internalized reflection and reconstruction of space in thought” (Evyapan,
1997, p.62). People’s way of gaining, storing and remembering information
about location and arrangements of environment are the subjects of spatial
cognition (Dogu, 1997; cited in Gifford, 1987). There is a strong relation
between cognition and learning (Yavuz, 1998). Besides, “learning can be
defined as an internal process that is different for every individual” (Demirbas

& Demirkan, 2003).

Spatial cognition is related with environmental knowing and understanding. In
this perspective, this chapter includes, wayfinding in spatial cognition, types
of acquired spatial knowledge, mental abilities to obtain spatial knowledge,
spatial representations (cognitive maps), spatial reference systems and
orientation specificity to make clear for understanding the human cognition

system.



2.1. Wayfinding in Spatial Cognition

Environmental spatial abilities are involved in everyday activities such as
navigation and wayfinding. Golledge (1999) defined navigation as “to
deliberately walk or make one’s way through some space” (p.6). It is mostly
used in locating position in ships or aircraft as well as virtual environments.
Passini, Pigot, Rainville, and Tetreault, (2000) explained wayfinding as, “a
person’s ability of mentally imagining or representing a physical setting and
of situating him or herself spatially within that representation” (p. 685). In
wayfinding, there is a known destination that is not directly connected by a
path. Issues such as use of landmarks, spatial updating of one’s location and
identification of a frame of reference are important. Also, reaching a
destination either in a familiar or unfamiliar environment has an impact on

wayfinding efficiency (Arthur and Passini, 1992).

Wayfinding is composed of three interrelated processes that are involved in
reaching destinations. These are decision making which means “the
development of a plan or action”, decision execution which “transforms the
plan into appropriate behavior at the right place in space” and information
processing which “understood in its generic sense as comprising

environmental perception and cognition” (Arthur and Passini, 1999, p.25).

Lynch (1960) identified five elements of the physical structure that people
used to construct environmental images during wayfinding: paths, edges,
nodes, districts, and landmarks. Channels of movement are defined as paths,

such as streets or walkways. Edges are barriers or boundaries and nodes



are focal points that consist of intensive activity to and form people may
travel. Districts consist of intensive activity to and form people may travel.
Districts consist of large sections that have recognizable, common perceived
identity, homogeneity or character, which differentiates them from other
areas. Landmarks are described as visible reference points that may be large

objects or on a local scale.

These five elements are used to make the environments more clear and
understandable for the users. By the way, it is possible to prevent stress
related to the wayfinding which is a kind of obstacle that nobody wants to
face with. Besides wayfinding strategy is important in determining the

efficiency of the wayfinding process and it depends on the type of spatial

knowledge used during the process.

2.2. Types of Spatial Knowledge

Golledge (1999) stated that while learning an environment, people either
prefer to experience the environment through a travel process or learning it
from an “over- looking vantage point” or by some symbolic tools such as
maps or photographs (p. 9). According to the theory that has been effective
for the last few decades, Janzen, Schade, Katz and Hermann (2001)
mentioned that when people gain information about the spatial structure of a
new environment, there are some stages available for them. Firstly, people
pass through a stage of ‘landmark knowledge’. There are few unconnected
landmarks that are stored in the memory. Then, people represent a single

familiar route in memory where landmarks and a connecting route are



memorized. This is the way people gain ‘route knowledge’. After, people can
integrate new knowledge as soon as they learn other routes. This is the
stage of ‘survey knowledge’. This kind of knowledge is the most complex one
and it gives the possibility for its users to navigate on new paths. Even
though some recent studies suggest that people can gain the survey
knowledge without passing through the route knowledge stage, they found

that participants were integrating route knowledge into survey knowledge.

Navigation is an important human activity which is a kind of process related
with directing a person’s locomotion to reach his/ her target point. It relies on
“sensory or verbal guidance or on an “internalized representation of an
environment” (Gaunet, Vidal, Kemeny and Berthoz, 2001, p. 409). Janzen et
al. (2001) stated that there are four factors that are effective in deciding the
navigational strategy of an individual. These are the styles of representation
of the environment, the complexity of the environment, gender and the kind
of visual information provided in the environment. Gaunet et al. (2001) stated
that, visual information can be gained by active (self- initiated movement)
exploration of a layout or by passive (pre- recorded tour) displacements.
They stated that active exploration is found to be important in determining
how vision is used in spatial knowledge. Memory of spatial layout or “relative
positioning of objects” was better for active explorers, on the other hand
object memory had better for passive exploration in a VE (Gaunet et al.,
2001, p.410). Gaunet et al. (2001) stated that no difference was found in a
previous study between active and passive experimental groups about

pointing error in a VE (cited in Wilson, Foreman, Gillet and Stanton, 1997).



Even though the active explorers used joystick to control the displacement,
the affect of the visuo- motor interaction had little effect on scene recognition

(Gaunet et al., 2001).

The following section includes the landmark- based, route-based and survey
knowledge to explain the types of the spatial knowledge which are important

for people in navigating and learning the spatial layout of an environment.

2.2.1. Landmark- based Knowledge

In order to establish a place memory, people require using landmarks. This
process is known as landmark- based navigation. Manipulating the properties
of landmarks or their geometrical relationships is commonly practiced by
investigators. People usually decide their location by looking for landmarks
which are collinear with the viewpoint from an external representation.
Therefore, linear landmark array seem especially easy to use and remember

(Waller, Loomis, Golledge and Beall, 2000).

In the mapping process, the coordination of landmarks is very significant.
Also, in establishing the spatial frames of references, landmarks are
determined and crucial (Péruch and Lapin, 1993). To read the space and to
give a route instruction people may take the landmarks as reference
(Baskaya, Wilson and Ozcan, 2004). It is possible to learn identification for
landmarks as getting experience from the new surrounding

(Demirbas, 2001).
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Landmarks are generally perceivable because of their visibility in form, being
strange in shape or having sociocultural importance. Landmarks are used to
organize the spatial information in a layout. For this reason, they have an

important role in cognitive maps (Golledge, 1999).

There are three types of landmarks which are classified as visual, cognitive
and structural landmarks. A visual landmark is noticeable because of its
visual properties. A cognitive landmark is noticeable because of its typical
meaning, and a structural landmark is important because of its location or
role in the space (Sorrows and Hirtle, 1999). People using landmarks have
obtained better route knowledge in a VE (Parush and Berman, 2004).
Besides, major landmarks are accepted as one of the key architectural
elements that generate legibility in real world environment (Dogu and Erkip,

2000).

In VEs, landmarks are also important and should be designed carefully.
Vinson (1999) stated that VEs should be easily navigated and using
landmarks effectively is important like the demands of the real world
environment. Understanding the role of landmark also helps VE designers in
forming cognitive maps. Several landmarks should be present in a VE. There
are some features that the landmarks in a VE should possess. Each
landmark should be noticeable with its height, complex shape, and bright
exterior and large visible signs. Landmarks should be chosen from concrete
things rather than abstract ones to make them more recognizable.

Landmarks should be seen at all navigable scales. Furthermore, a landmark

11



should be distinguishable from nearby objects and other landmarks in order
to easily prevent any confusion or wrong navigational action in a VE. The
sides of the landmarks should be differentiated from each other to help the
navigators in deciding their orientation. The distinctiveness of a landmark can
be increased by using other objects nearby. Landmarks should carry some
common elements that separate them as a group from the other virtual
objects. These are the properties related with the appearance of landmarks
located in a VE. Landmarks in VEs can be designed as having similar
properties with the real world landmarks. In this way, the experiences of the
real world navigators can be transferred to the virtual world. Moreover, the
placement of landmarks should be well defined. Landmarks should be placed
on major paths and at path junctions. By this way, the landmark could be

more memorable.

There are two kinds of spatial information that is determined by the
arrangement of landmarks. These are non-metric and metric spatial

information (Waller et al., 2000).

2.2.1.1. Non-metric Spatial Information

This type of spatial information is related with those spatial relationships
including “topological or projective” relationships such as concurrence,
betweeness, and adjacency, as well as “sense” relationships such as left/
right or clockwise/ counterclockwise” (Waller et al., 2000, p. 335). There is a

relation between adjacency in human place learning and non- metric spatial

12



information. Hermer and Spelke (1996) showed that people tend to use

adjacency relationship to recall the position of the target (Waller et al., 2000).

2.2.1.2. Metric Spatial Information

The second type of information obtained from a landmark arrangement is
called ‘metric spatial information’. It includes quantitative spatial relationships
that demand the concept of congruence. The spatial relationships are
included the relative distances from the viewing location to other landmarks
and the angle differences that are formed by the viewing location and pairs of
landmarks (Waller et al., 2002) (see Figure 2.1). In the figure, it was
supposed that participants walked to a target location (shown as star) and
learned their location relative to three distinctive landmarks (shown as
circles). Information about the distances between the target and the
landmarks (d1, d2, and d3) and information about the bearing differences to

each of the landmarks (a1, a2, a3) were presented (Waller et al., 2000).

Ot;,’ -’fl—l——t dz——’o

/<u:/
O/d,

Figure 2.1. A schematic bird’s- eye view of the environment (Waller et
al., 2000, p. 336).




Waller et al. (2000) stated that the mechanisms of using these two kinds of
information are not still clear. Some studies suggested that distant
information is not reliable and significant. Angle differences are preferable
rather than distances in computer and animal models of piloting. On the other
hand, for humans, distance information is more significant for place learning.
When people learn locations, they may be affected from metric distances.
Also, it is suggested that “right and straight angles are more easily encoded

in memory than other kinds of angles” (Waller et al., 2000, p. 350).

2.2.2. Route- based Knowledge

Golledge (1999) stated that route- based environmental learning could be
one of the most preferred learning style of many people while learning their
environment. Landmarks could be the following properties which may be
used for orientation in an environment. Rossano, West, Robertson, Wayne
and Chase (1999) stated that route knowledge means “knowledge about the
movements necessary to get from one point to another” (p. 101). People
tend to divide the route while learning it and they do this process to organize
“along- the-route” information (Golledge, Gale, Pellegro & Doherty, 1992, p.
225). “Route knowledge is a procedural description of the route between
points in the environment” (Parush and Berman, 2004, p. 377). Schmitz
(1999) stated that route knowledge includes important landmarks as well as
the routes which connect the landmarks and the order of route turns in
wayfinding. Route knowledge also includes learning of a sequence of

instructions about how to get from a location to the next one and it allows

14



showing spatial information in an egocentric perspective (Bosco, Longoni &

Vecchi., 2004).

2.2.3. Survey (layout, configurational) Knowledge

Survey knowledge consists of metric and relational information about
landmarks and paths; distances, bearings and the configuration of objects
which may be represented as if seen from bird’s eye view (Cornell, Sorenson
and Mio, 2003). Rossano et al. (1999) stated that survey knowledge has
relation with perception of the layout and “interrelationships of the elements
contained therein” (p.101). Comparison as route knowledge, survey
knowledge presents a more understandable and flexible understanding of the
spatial characteristics of a large- scale environment (Waller, Hunt and Knapp,
1998). Parush and Berman (2004) stated that survey knowledge includes all
elements’ in the layout and the spatial relationships surrounded by these
elements in the environment. Rossano et al. (1999) stated that survey
knowledge is created piece by piece from the elements of route knowledge,

when it is gained from direct experience.

Rossano et al (1999) also stated that, it may be possible to obtain survey
knowledge more quickly by using computer models. Computer models
experience may share common features with map usage and direct
experience. Since direct experience leads to well developed route knowledge
and map subject leads to better survey knowledge, it was expected that
computer model experience leads to well developed route knowledge. In their

study, it was found that there was no difference between the map and

15



computer- model users in using the route knowledge. However, there was an
important improvement in the computer- model users in obtaining the survey

knowledge.

Considering the relation between sense of direction (SOD) and survey
knowledge, Prestopnik and Roskos- Ewoldsen (2000) stated that, SOD is
related to use of survey strategies rather than route strategies. In addition,
Hegarty et al. (2002) stated that there is a relation between the ability to point

to landmarks and SOD.

2.3. Mental Abilities to Obtain Spatial Knowledge

There are two types of mental abilities to obtain spatial knowledge from
navigation through an environment. These are egocentric spatial updating
and perspective taking (Waller, 2005). Both abilities affect people’s ability to

point unseen locations in a familiar environment (Waller, 2005).

2.3.1. Egocentric Spatial Updating

Egocentric spatial updating “refers to the ability of a moving person to
mentally update the location of a target initially seen, heard, or touched from
a stationary observation point” (Loomis et al., 2002, p.335). While a person
moves through an environment, he/she keeps path of the changing
relationships between him/herself and the external objects by using spatial
updating and “the update scale requires people to account for the apparent
change in position of a target object that results from simulated self- motion”

(Waller, 2005, p. 247).

16



2.3.2. Perspective Taking

Perspective taking is “the ability to infer spatial relationships that one has not
directly experienced” (Waller, 2005, p. 3). For example, a person having
ground- level experience can imagine what the environment looks like from a
bird’'s eye perspective. It is also thought to be related with the ability to obtain

a flexible ‘survey’ representation of an environment (Waller, 2005).

2.4. Spatial Representations (Cognitive Maps)

Cognitive maps are defined as knowledge of places, and cognitive mapping
represents issues to construct spatial relations among such places. They are
the ‘internal representation of perceived environment’ (Golledge, 1999, p. 6).
Cognitive maps are the mental representations that include survey
knowledge of a familiar environment (Cornell et al., 2003). “It is a mental
device and store which helps to simplify code and order the complex world of
human interaction with the environment” (Kitchin, 1994, p. 2). Cognitive map
means “an elaborated kind of spatial knowledge where detour finding is used
as an indicator” (Janzen et al., 2001, p.149). Cognitive map can be observed
with external representations such as “sketch maps, pictorial drawings,
verbal descriptions, modeling and other methods of spatial manipulations”
(Passini, 1984, p. 36). These external representations can be developed and

categorized by people (Demirbas, 2001) (See Figure 2.2)
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Figure 2.2. Examples for mapping presentations (Kaplan, S. and Kaplan R.,

1982, p. 75).
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Cognitive mapping is the mental process leading to a cognitive map (Arthur
and Passini, 1992). “Cognitive mapping is a process composed of a series of
psychological transformations by which an individual acquires, stores, recalls,
and decodes information about the relative locations and attributes of the
phenomena in his everyday spatial environment” (Kitchin, 1994, p.1). There
are two types of cognitive maps which are called route maps and survey

maps.

2.4.1. Route Maps

Route maps receive their names from their clearly seen organization. They
are simply linked collection of landmarks. This is a kind of cognitive map
which is “organized along a path in which one landmark follows another...It
mirrors the way information is acquired and the way it will be used”
(Golledge, 1999, p. 358). There is an analog of one mode of information
processing for the sequential structure of route maps, which means
information comes in a natural sequential flow. There is no full range of
spatial relationships available in route maps. Route maps are involved in
proximity and order which are necessary for planning a journey (Golledge,
1999). Waller et al. (1998) also stated that landmarks, which are located in a
route, can be linked together and this kind of knowledge is called ‘route

representation’.
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2.4.2. Survey Maps

A survey map is generally considered to be “more abstract and directly visual
in character” (Golledge, 1999, p.361). Survey map is related with survey
representation that appears to give a person the ability of imagining an
environment as if looking it from a survey viewpoint. The structure of survey
maps includes a different form of information processing than the route
maps. The scene is the main unit of the survey map structure, whereas, the
landmarks serve as the main unit of route maps. In survey maps, no
transformation is necessary; information is stored in the operated format.
Knowing the place of landmarks that are relative to each other in a particular
environment, an individual needs no more recall of appropriate relative

positions (Golledge, 1999).

An individual understands the spatial relationship between various landmarks
in an environment in a survey representation. Survey representations give
possibility to reach the spatial information without the need of orientation
(Waller et al., 1998). There is an overview of spatial layout and an extrinsic
frame of reference for survey representations. On the other hand, there are a
number of important landmarks attached by route representations (Pazzaglia
and De Beni, 2001). Besides, types of cognitive maps, the spatial reference
systems should also be understood. Since reference systems are necessary

to make identifications about the locations of objects (McNamara, 2002).
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2.5. Spatial Reference Systems

To preserve the remembered locations of objects, people need to use spatial
reference systems. Without providing a frame of reference, an individual can
not identify or report the position of an object (McNamara, 2003). Mou and
McNamara (2002) stated that without establishing a frame of reference, it is
impossible to define the location of an object. As an example, the latitudes
and longitudes are used to define the location of objects on the surface of the
earth. In the same manner, to specify the remembered location of objects,

human memory system must use frames of reference.

There is a significant difference between form perception and spatial
memory. That is, figures in the frontal plane are oriented in a space with a
powerful reference axis; gravity. On the other hand, the locations of objects
are defined in the ground plane which does not have privileged axes. For this
reason, it is assumed that the dominant signal in spatial memory is
egocentric experience. When a new environment is learned, the locations of
objects are described in terms of a reference system intrinsic to the layout
itself. Axes intrinsic to the objects are chosen to represent location and
orientation. These axes are chosen on the foundation of egocentric
experience, spatial and non- spatial features of objects and cues in the

surrounding environment (Mc Namara, 2003).

There are two types of spatial reference systems. These are named as

egocentric reference systems and environmental reference systems.
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2.5.1. Egocentric Reference Systems

“Location is specified with respect to the observer” in egocentric reference
systems (Mou & McNamara, 2002, p.162). McNamara (2003) mentioned
that “Egocentric reference systems specify location and orientation with
respect to the organism, and include eye, head, and body coordinates”
(p.174). The process of locating oneself in space includes both egocentric
viewpoints and exocentric information about the spatial layout (Péruch and

Lapin, 1993).

2.5.2. Environmental Reference Systems

“Location is specified with respect to the objects other than the observer” in
environmental reference systems (Mou & McNamara, 2002, p. 162).
McNamara (2003) stated that “Environmental reference systems specify
location and orientation with respect to elements and features of the
environment, such as the perceived direction of gravity, landmarks, or the

floor, ceiling, and the walls of a room” (p. 175).

2.6. Orientation Specificity in Spatial Cognition
People have learned many layouts either visually, tactilely, by navigation or
virtual reality. Performance of the participants is found to be the higher in the

orientations aligned with the intrinsic axis of learning (McNamara, 2003).

Mc Namara (2003) mentioned that the initial examinations of spatial

reference systems were done in a laboratory (Diwadkar & McNamara, 1997,

Roskos- Ewoldsen, McNamara, Shelton, and Carr, 1998; Shelton &
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McNamara, 1997). For example, in a study, participants are required to learn
seven objects in a room and then asked to make judgments about these

object’s locations in a computer environment (Shelton and McNamara, 1997).

The qualities of memorial representations of space are much of the current
interest in spatial cognition. One property of spatial representations involves
the orientation specificity of spatial memory for large spaces and layouts

(Waller et al., 2002).

Waller et al. (2002) suggested that there are series of studies conducted by
Presson and his friends about it (Presson, DeLange and Hazelring, 1987,
1989; Presson & Hazelrigg, 1984). They asked participants about four kinds
of points from a single location and requested to make judgments either on
the same orientation or 180° different orientation from the viewpoint. There
were four locations labeled 1 to 4 from the fixed viewpoint that is presented.
The aligned questions were formed such as; “point to Location 3 as if
standing at location 1, facing toward Location 2” and misaligned questions
were formed such as “point to Location 2 as if standing at Location 3, facing

Location 4). (Waller et al., 2002, p. 1052) (see Figure 2.3).
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Figure 2.3. A schematic view to explain aligned and misaligned questions
(Waller et al., 2002, p. 1052).
Two types of questions called aligned and misaligned prepared to evaluate
how participants learn the layout either from the same orientation (0°) of the

viewpoint or 180° different orientation for the viewpoint (Waller et. al., 2002).

2.6.1. Aligned Questions
Waller et al. (2002) indicated that, in aligned questions, “participants were
asked to point one location as if they were facing the same direction of

learning” (P. 1052).

Mou, McNamara, Christine and Rump (2004) suggested that if the
participants learn the layout from the viewing position 0°, this is called
aligned. Whereas, if the viewing position is different than 0°, then called
misaligned. For the aligned view, the imagined direction is equal to 0°. This

means the learning direction is equal to the imagined direction. According to
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the study of Mou et al. (2004) participants were better at pointing

performance when the learning and imagined direction were same or parallel.

Mou and McNamara (2002) stated that in one of the study, the layout of the
objects in a room was learned from two stationary points of view, one of them
is aligned and the other one is misaligned with environmental frames of
reference. Performance of the participants’ judgments of relative direction
showed that the aligned view was represented in the memory; whereas the

misaligned view was not represented.

2.6.2. Misaligned Questions
Waller et al. (2002) pointed out that, in misaligned questions, “participants
were asked to point one location as if they were facing in the opposite

direction as they were during learning” (p. 1052).

Participants were significantly more successful in aligned questions instead
of misaligned questions, when they learned a layout from its representation
on a small map. On the other hand, no alignment effect was found, if the
learned place was large enough such as 3.6 X 3.6 m. This means that, the
participants were found successful in misaligned questions as well as the
aligned questions in large scale environments (Waller et. al., 2002).
Orientation dependence was regulated by the layout size. Participants made
estimations about relative direction using their memories of layout after
learning the layout. The layout size was an important property that shows the

difficulty of aligned and misaligned judgments. Aligned judgments were more
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accurate than misaligned ones, if the learned layout was small. However,
when the learned layout was large, the difference between two alignments

was eliminated or reduced (McNamara, 2003).

In general, large spaces surround the viewer and therefore they make the
participant a part of the surrounding. Because of this, these spaces require to
be coded by means of a reference system. Spatial relationships are coded
freely from a particular orientation. No orientation is selected in memory and
no alignment effect will appear. However, when spatial knowledge is
obtained from a small nonnavigable object like a map, the viewer himself is
not a part of the learned surrounding. The alignment effects are able to
appear, when the spatial relationships are coded with respect to a specific
orientation. On the contrary, some of the researchers (Roskos- Ewoldsen et
al., 1998, Presson et al., 1989) stated that both small and large scale stimuli

produced alignment affects (Waller et al., 2002).

Finally, after introducing some information about terminologies used in the
field of spatial cognition, it would be easier to understand how the human
cognition systems work in terms of environmental learning and sense of
direction within the context of spatial cognition. Therefore, the next chapter

includes information about the concept of ‘sense of direction’ as well.
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3. SPATIAL COGNITION AND SENSE OF DIRECTION

Kozlowski and Bryant (1977) stated that sense of direction is regarded as
“an awareness of location or orientation” (p.590). Golledge (1999) said that
people use a “self- referencing system to develop a sense of direction while
wayfinding” (p.33). According to Sholl, Acacio, Makar & Leon (2000), sense
of direction is “the knowledge of the location and orientation of the body with
respect to the large stationary objects, or landmarks, attached to the surface
of the earth” (p.17). Sense of direction is related with an ability to
discriminate fine- grained environmental cues, memories of locations while
maintaining a cognitive map, and strategies for learning a route (Cornell et al,

2003).

Sense of direction is significant when a person makes a decision about an
unseen but known destination. Providing information for that kind of situation
is related with both sense of direction and the correctness of the
representation of faraway features. Body axes of the individual maintain a
reference frame to which all directed motor- activity is referred. Therefore, the
individual is tied by position vectors to objects in the visual field. As the
individual moves, spatial updating occurs with reference to this system. This

systems works in cases that vision does not occur as well (Golledge, 1999).
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According to Sholl et al. (2000), a behavioral measurement of the sense of
direction is “the accuracy of people’s pointing responses to familiar but non-
visible landmarks in the surrounding environment” (p.17). The ability to point
unseen locations is accepted as a measurement. In pointing to unseen
location exercise, participants were wanted to pretend that he/ she was
standing on a location (X), and was facing to the other location (Y). Then, it
was asked to point the relative direction of the buildings which were listed, by

putting mark to the outside of the given circle (Kozlowski and Bryant, 1977).

Sense of direction is related with direction, distance and time estimation
abilities which have important impacts on orientation abilities, since it was
suggested that there was a significant relation between self reports of sense
of direction and having distance estimation ability. Being more accurate at
distance or having a better score at sense of direction means, smaller

pointing error (Kozlowski and Bryant, 1977).

Prestopnik and Roskos- Ewoldsen (2000) mentioned that sense of direction
is a key factor for anticipating wayfinding ability. Sense of direction may be
important when the wayfinders are required to update their position during
movements in unfamiliar environments. This statement is not supported by
psychometric assessment because it was not found very successful on
standard mental rotation tasks which are object- centered rather than

environmental frame of reference (Heth, Cornell and Flood, 2002).
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3.1. Good Sense of Direction (GSOD) vs. Poor Sense of Direction
(PSOD)

People show differences while they are navigating through new
environments. These differences are related to the participants’ attitudes of
sense of direction. People who reported themselves as having good sense of
direction are expected to carry out following activities: actively explore their
environment, can give and follow directions, recall new routes and give
attention to details of a new environment. In contrast, people with poor sense
of direction feel worry about loosing their way, are lost in new cities and

buildings and feel anxious about becoming lost (Sholl et al., 2000).

People who have good sense of direction are good at remembering of indoor
locations, successful at imagining spatial relationships, and pointing to
landmarks when assuming a viewpoint that was not aligned with the
participant’s forward facing. Moreover, a person with good sense of direction
looks for areas containing landmarks and can use this information at
intersection points of the routes. People with good sense of direction can
orient a mental representation as a configuration of landmarks to

complement a viewing layout (Cornell et al, 2003).

Sense of direction has relation with the ability to coordinate egocentric
frames of references mentally that is important while updating ones position
in unclear environments (Cornell et al, 2003). The better sense of direction
means, one has better orientation ability. People who reported themselves as

having good sense of direction were better than the poor sense of direction
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group about some issues such as, “giving or following directions (whether
written or oral), remembering routes while passengers in cars, and
remembering written directions to a place” (Kozlowski and Bryant, 1977,
p.592). Moreover, people with good sense of direction were superior in
pointing unseen goals to people with poor sense of direction in a familiar
environment. The ones with good sense of direction showed improved
accuracy in their representation of the place. On the other hand, participants
with poor sense of direction showed no improvement in accuracy. For this
reason, it can be stated that improved orientation for those who have good
sense of direction, is related with a conscious effort and repeated exposure
to a layout. In addition, the ones with good sense of direction like reading
maps, giving directions, trying to recall details in a new layout and give
importance to find new routes to places when driving, rather than the ones

with poor sense of direction (Kozlowski and Bryant, 1977).

Furthermore, the ability to use several strategies in a flexible way affects the
wayfinding performance of the participant. In a study, the participants that
rated themselves with poor sense of direction experienced more difficulty in
using flexible strategies in comparison to the ones with good sense of
direction (Kato and Takeuchi, 2003). People with poor sense of direction feel
worse and more anxious when they are losing their way than people with
good sense of direction. In addition, people with good sense of direction skills
can point north better than people with poor sense of direction. For example,
the one who has good sense of direction is able to point the local shopping

center more accurately than the one who has poor sense of direction
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(Kozlowski and Bryant, 1977). A person with good sense of direction may be
good at looking for areas that contain landmarks. He/ she is able to use that
ability to direct actions on routes. Good sense of direction can maintain a

reliable reference bearing during the navigation (Heth et al., 2002).

Self- reports of sense of direction that is decided by the accuracy of mental
maps of the environment, maintain a simple measure of spatial orientation.
Sense of direction “has an active place in people’s self- concepts” (Kozlowski
and Bryant, 1977, p. 597). The one with good sense of direction gains ‘self-
esteem’ from his/ her sense of direction. For example, people with good
sense of direction possess intrinsic motivations such as using mental map
effectively, using a route map to from a survey map and fulfillment of solving
cognitive games. Whereas people with poor sense of direction are more
likely to lose their way and feeling disorientation in places such as subway or
theaters. They have intense emotional disappointment which follows
disorientation (Kozlowski and Bryant, 1977). A good sense of direction was
found useful for wayfinding and orientation. Good sense of direction was
rated higher than poor sense of direction in conventional representations
such as maps, verbal and cardinal directions which were found to be related
to taking shortcuts and making navigation in an unfamiliar environment. In
addition, when environmental knowledge is limited, a good sense of direction
was accepted significant, for example, when the landmarks’ or a building’s

location must be imagined (Cornell et al., 2003).
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3.2. Gender Differences

Several studies (Denis; 1996, De Vega, 1994, Linn and Petersen, 1985) on
the sense of direction and wayfinding ability have shown significant
differences between individuals that are based on gender issues (Pazzaglia
and De Beni, 2001). Gender issue can be examined related to socio- cultural
factors, spatial performances, used strategies, sense of direction ability and

the role of virtual environments within spatial cognition.

3.2.1. Socio- cultural Factors

Schmitz (1997) stated that gender differences in environmental strategies
can be explained as a result of different levels of anxiety and fear of girls and
boys. The strong reliance on landmarks for female participants can be
explained with the effort of feeling more secure through environmental

knowledge.

Gender differences might occur because of experiences with a different set
of prior activities which may go back to childhood. For example, studies have
shown that for boys and girls, approval of the parents’ maintain different
activity spaces. In addition, toy play is another feasible area for the beginning

of gender differences (Malinowski and Gillespie, 2001).

Cultural demands and expectations about travel may influence the men’s and
women’s spatial behavior. Although the constraints of cultural behavior are
minimal in early age, boys and girls behave differently. For example, “1-year-

old boys move farther from their mothers and stay away longer when playing
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than girls do” and therefore there should be more studies to understand the
relation of gender and spatial behaviors (Dabbs, Chang, Strong and Milun,

1998, p. 96).

Moreover, there may be a gender bias related to the spatial abilities.
Montello, Lovelace, Golledge & Self (1999) stated that to compensate
different modes of getting and employing spatial information, both genders
could be trained and educated. Bosco et al. (2004) claimed that more
recently, the importance of socio- cultural factors were highlighted on
women’s performance in visuo- spatial tasks to show the impacts of training
and cognitive strategies since gender differences could be reduced by an

appropriate educational training.

3.2.2. Spatial Performances

Cornell et al. (2003) found that males in western societies are more confident
in general orientation abilities and more accurate at pointing to environmental
landmarks than women. In addition, there was a difference between male
and female participants in making estimations from imagined vantage points.
Males were faster than females while making verbal estimations of target
locations. However, females behaved more carefully, lost more time and
made more errors in making estimations and this was stated as the lack of
confidence in females. On the other hand, there was no evidence which
showed that females were poor in wayfinding tasks. This means that, on
some of the tasks, there was no gender difference in performances. For

example, even though females were slower than males, there was no

33



significant difference between genders in making estimation from real
vantage points. Moreover, there were no gender differences in reports of
shortcutting, which includes the configuration of the original route, and in
reports of methods, which involves the configuration of buildings and grounds

where females tend to use survey representations.

Montello et al. (1999) found that males used cardinal direction terms
significantly during the verbal description of a campus and they made fewer
errors about estimating the campus- route distances. On card rotation test,
males got higher scores. Besides, males reported higher spatial ability and
preferred to use more metric spatial terms, whereas females used more
maintenance terms, which were generally composed of non metric- distance
terms and a little fewer metric terms, to make verbal description of the route.
Women were better in object- location memory task and were better to

recognize the landmarks on the route.

Lawton (1996) stated that spatial anxiety has a negative influence on the
accuracy of pointing task. This means the more the spatial anxiety, the less
the accuracy at pointing task and less confidence about the responses.
Lawton and Kallai (2002) found that women reported less personal safety
than men did. This may affect the women’s wayfinding behavior such as the
route planning. Women may concern possible dangers, which may be

resulted from getting lost in an unfamiliar environment more than man.
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3.2.3. Sense of Direction

Prestopnik and Roskos- Ewoldsen (2000) stated that gender difference is
controversial in spatial ability being in favor of men. However in the sense of
direction, there has still been argument and whether there is a gender

difference or is not clear yet.

Females reported lower scores related to their sense of direction ability
compared to males (Cornell et al., 2003). Devlin and Bernstein (1995)
mentioned that men were more confident in their ability to find their way and

made fewer errors in a computer simulation task than women.

Sholl et al. (2000) stated that people with poor sense of direction have more
restricted interactions with the environments. Understanding the cognitive
factors which offer sense of direction is significant. Even though female
participants tend to report a poorer sense of direction than male participants,
this does not relate to “other types of spatial intelligence such as mental

rotation ability” (Sholl et al, 2000, p.17).

3.2.4. Used Strategies

Schmitz (1999) stated that gender differences in environmental knowledge
may be related to the differences occurred in strategies of the two genders
which women tend to use landmark- based knowledge, whereas men prefer
a more Euclidean or configurational strategy. Kato and Takeuchi (2003) also
stated that males preferred to use Euclidean spatial cues such as direction

and distance, whereas women preferred to memorize landmark cues.
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Montello et al., (1999) stated that females rely more on route strategy
whereas, males on survey strategy that is related with metric knowledge of
distances and directions, especially cardinal directions. Moreover, in
Silverman and Eals (1992)’s study, there was a female superiority for
recognizing and locating objects on a sheet of paper that had been seen
before, which is related with picture stimuli or environmental spaces, was
confirmed with the findings of Montello et al. (1999). Schmitz (1999) also
stated that males were better in directional accuracy, whereas females were

better in landmark recognition.

Bosco et al (2004) pointed out that men and women used different strategies
to conduct the orientation tasks. On the other hand, enough training could
reduce or eliminate the gender effects in spatial orientation. Postma, Jager,
Kessels, Koppeschaar and van Honk (2004) found that there was no
significant gender difference for the details of the remembered route which
means recognizing landmarks were similar for both genders. Parush and
Berman (2004) stated that female participants had shorter orientation

response time when they navigated with landmarks.

O’Laughlin & Braubaker (1998) also mentioned that, there was not
significant gender difference found in mapping task related with a furnished
and unfurnished home environment, which were recorded on video tape.
Rather, the accuracy of mapping task of the home environment was
increased when landmarks were provided for both genders compared with

minimal landmarks condition.
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3.2.5. The Role of Virtual Environments

Sandstrom, Kaufman and Huettel (1998) stated that even though both
genders developed valuable strategies, males had got superiority in VE
navigational task. The effect of joystick experience was thought to be an
important reason related with the ability differences of genders. Janzen et al.
(2001) mentioned that males’ greater experience in computer games
maintain a gender difference during the navigation through virtual
environments. According to their study, there was a gender difference in
terms of using joystick. Using joystick and playing computer games were
reported more by men. However, this situation did not assist men to solve the

detour task with fewer errors and in shorter time.

Devlin and Bernstein (1997) mentioned that males were faster than females
in indicating the paths to follow for the simulating mapping task, and females
reported more frustration than males did for competing in the experiment.
Moffat, Hampson and Hatzipantelis (1998) also found that males were better
than females about spatial route learning in their research which was
conducted by using a virtual maze. Male participants learned the new route
of the simulated maze more quickly and did fewer errors than female

participants did.

Waller et al. (2001) stated that there is a gender effect on spatial knowledge
possession in VEs. According to their findings, there is disorientation of
women in virtual mazes. Compared with men, women had more errors. It is

suggested that, understanding the spatial characteristics of VEs may be
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more challenging for women than men. Lawton and Kallai (2002) indicated
that when landmarks were removed during training in a computer- simulated
maze, men participants were faster than female participants. However, when

the landmarks were stable, no gender difference was found.

Waller (2000) mentioned that gender influences the strategies of obtaining
spatial knowledge and accuracy of the spatial knowledge. In
psychometrically—evaluated spatial abilities, gender difference is stressed.
There is a slight or moderate favor on male advantage in these spatial tasks.
Moreover, gender differences in spatial knowledge possession which is
obtained from VEs desktop may reflect greater gender differences than the
real- world cases. This distinction may be related with differences in the
abilities that are demanded to interact with computers. There can be much
smaller gender difference in the real world tasks than identical spatial tasks

on the VE.

In terms of gender differences, the variables related with computer
technology are; the attitude towards computers, prior experience with
computers, and the ability to learn new or unusual computer interfaces.
However, it stayed as a powerful predictor of these abilities. It is also claimed
that if the spatial abilities are trained, gender differences may be reduced

(Waller, 2000).
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3.3. Sense of Direction as a Self- Report Test

The first self- report measure was introduced by Kozlowski and Bryant in
1977. They asked the subjects the question, “How good is your sense of
direction?” (p. 591). The subjects rated their sense of direction on a seven
point scale from poor to good. Psychometric measures were considered as
weak predictors of environmental spatial ability and self- reporting measures
were found to be a promising approach (Hegarty et al., 2002). In addition, the
self- report sense of direction (SOD) was found to be highly correlated with
the performances of environmental spatial tasks (Prestopnik & Roskos-
Ewoldsen, 2000; Sholl et al, 2000). Hegarty et al. (2002) pointed out that
“SOD is primarily related to the ability to mentally align egocentric and
environmental reference frames” (p. 428, cited in Sholl, 1988 ). For self- rated
of sense of direction, predicative validity has objective measures of spatial
navigation ability, such as the ability to imagine a perspective of the
environment that is different from the actual one, recognition of landmarks or

ability to integrate path information (Sholl et al., 2000).

Santa Barbara Sense of Direction (SBSOD) is a self- report scale of
environmental abilities that is developed by Hegarty et al. (2002). SBSOD is
a self report scale, that requests from the participants to rate themselves
about their navigation and wayfinding skills. A correlation was found between
self report sense of direction and the performance measures of large- space
spatial tasks, such as imagining oneself reoriented in a known environment
and learning spatial layout. The self report SOD also reflected the ability to

carry out the tasks characteristics at the environmental scale of a space

39



rather than the vista space. It was predicated that SBSOD was highly
correlated with measures of environmental knowledge obtained from direct
experience. Also, it was found that different learning styles or media, such as
maps, video or virtual environments (VEs) were significantly correlated with

the acquired knowledge (Hegarty et al., 2002).

About judgment of self ratings of sense of direction, Heth et al. (2002)
mentioned that the people, who have successful wayfinding history, also
have a good sense of direction. Moreover, Heth et al. (2002) reported that
self ratings of children were found to be higher than adults’. Adults were more
realistic than children and they were reasonably good at evaluating

themselves about sense of direction.

When people were rating their SOD as ‘good’ or ‘poor’ in SBSOD, they were
building their judgments on environmental tasks such as, wayfinding,
remaining oriented in an environment, learning layouts, using maps to
navigate, and giving and following directions. Most of the things that
burdened on the sense of direction factor included ratings of the individual’s
own satisfactory level on tasks that rely on survey knowledge of
environments, whether stored or generated during task performance

(Hegarty et al., 2002).

People’s perceptual motor systems may have an effect at different scales of

space. Therefore, paper and pencil tasks were conducted to evaluate

visualization and orientation dimensions of static and dynamic spatial abilities
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in two dimensional and three dimensional spaces (Montello et al., 1999). Self
report sense measures such as sense of direction questionnaires had better
performance to measure the environmental spatial abilities.“ People’s
performance on paper- and- pencil tests of spatial ability is typically able to
account for only about 5% of the variance in their ability to learn or find their

way in large — scale environments” (Waller, 2005, p. 244).

People with good sense of direction were better at aligning themselves within
imagined frames of reference. This was important for the individual to update
his/ her position during movements in unfamiliar or not clear environments.
Psychometric evaluation of mental abilities does not maintain these
propositions. For example, people who report themselves as having good
sense of direction were not successful at standard mental rotation tasks.
Since these tasks demand an object- centered frame of reference rather than
an environmental frame, sense of direction may not influence the

performance of the participant at this task (Heth et al., 2002).

3.4. Sense of Direction and VEs

In computer- simulated environments, information about large- scale spaces
can easily be obtained. VEs are successful either in teaching routes through
an environment or teaching survey knowledge about the locations in an
environment. The representations that are obtained from a VE are more
flexible than those from a map (Waller, 2000). Recently, there has been great
attention given to use of virtual environments (VEs) in educating people for

navigation training and environmental familiarization. The real environments
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are replicated to maintain a counterpart in virtual environment for navigation.
No VEs can be the same as the real environment. However, there were
some evidences that navigation strategies and behaviors were similar in VEs

and real world environments (Darken & Goerger, 1999).

The navigation techniques that are used in virtual worlds come from the real
world environments (Vila, Beccue and Anandikar, 2003). Waller (1999)
stated that by using VEs, it is possible to obtain useful mental
representations of large real- world spaces. Distortions of spatial perceptions
of distances and angles, which occur in VEs, were studied in order to
understand the possibilities of training spatial knowledge in VEs. It was found
that there was not a significant difference between perception of distances in
VEs and in the real world. Participants’ estimations of interobject distances
were unbiased and nearly accurate. Therefore, the results indicated that
distances in VEs can be perceived as similar to the real world. Waller, Knapp
and Hunt (2001) also found that there was no difference in performance on
pointing and distance estimation tasks between participants who had learned

with a map and who had learned in a VE.

Computer- simulated VEs give the possibility of assessing people’s spatial
abilities. The ability to form a true mental representation of a familiar large —
scale environment correlated nearly as highly with their performance on the
computer- simulated environment as it did with the self- reported sense of
direction. Since a VE can depict dynamic, 3D scenes, it maintains a more

flexible medium for understanding people’s ability to learn the spatial
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characteristics of large — scale environments rather than paper- and — pencil
tests (Waller, 2005). In addition, computer- simulated VEs offer a significant
tool for research. They allow researchers to have greater control over
stimulus characteristics than the real world cases. It can be impossible or at
least difficult repositioning real- world environments. Whereas, it is very easy
in VEs. Moreover, VEs provide researchers with the control or elimination of
information acquired by other navigational mechanisms, such as keeping
track of one’s position (Waller et al., 2000). Furthermore, using computer-
generated environments, not only gives an exceptionally useful tool for
assessing and isolating individual differences in large- scale spatial cognition,
but also allows researchers suitable environments in which human behavior
can be analyzed while having high control over the environment’s properties
(Waller, 2005). Computer-simulated environments are beneficial tools for
teaching people about the spatial properties of real- world places (Waller et

al., 2001).

After examining the concept of sense of direction within the spatial cognition

context, the next chapter is comprised of the information obtained through

the experiment.
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4. THE EXPERIMENT

4.1. Description and Aim of the Study

The subject of sense of direction and its relation with some cognitive issues
were searched within the scope of spatial cognition. The way that
participants perceive and learn their environment in virtual spaces was
studied in this experiment. The researched issues included sense of
direction ability and its relation with gender and the effect of learning on the

sense of direction. The experiment was conducted by using a VE.

4.1.1. Research Questions
+ Are there any relationship with the sense of direction (SOD) and spatial
cognition in VEs?
+ Are there any relationship with the sense of direction (SOD) and gender
in VE?
« What is the level of success of the fixed and independent viewpoint

groups in answering the aligned & misaligned questions in VE?
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4.1.2. Hypotheses
s There is a relation between the sense of direction (SOD) and spatial
navigational ability such as the ability to integrate path information
and memory for landmarks. For this reason, participants with good
sense of direction (GSOD) learn the layout better than the ones with
poor sense of direction (PSOD).
% There is no relationship between gender and sense of direction
(SOD) in a virtual environment. (i.e.: there is no superiority for both
genders about SOD in virtual environments).
s The fixed viewpoint group of participants is more accurate than the
independent viewpoint group at aligned questions.
% The independent viewpoint group of participants is more accurate

than the fixed viewpoint group of participants in the misaligned

questions.

4.2. Participants

The sample is comprised of 2004- 2005 academic year freshman students
of the department of Interior Architecture and Environmental Design at
Bilkent University. There were 55 subjects whose age range was between
17 and 28 in the sample group. The mean age was 19.5, the median age
was 19 and the standard deviation was 1.91. There were 27 (49%) males
and 28 (51%) females. Since the freshman students did not get sufficient
education in computer based design or environments, they are chosen to

conduct the study to minimize the effect of educational experience.
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4.3. The Task

The experiment was conducted in two phases. The first phase included the
measurement of the participants’ SOD ability according to the self-
measurement test of Santa Barbara Sense of Direction (SBSOD) scale
which was developed by Hegarty et al. (2002) (see Appendix A). In the

second phase, their spatial ability in a VE was measured.

4.3.1. Measuring the Sense of Direction Ability

The participants’ SOD was tested by the Santa Barbara Sense of Direction
(SBSOD) scale by ranking themselves on a 1 to 7 point scale (see
Appendix A). It takes approximately 10 minutes to complete the
questionnaire. The questionnaire included 15 questions which had positive
statements as well as negative ones; 8 positive and 7 negative. This test
depicts the participants’ ideas about their own sense of direction ability. As
a result of the self- report on the sense of direction test, the participants
were grouped either having a good sense of direction (GSOD) or having a

poor sense of direction (PSOD).

4.3.2. Measuring Spatial Ability in Virtual Environments (VEs)

After the participants were grouped as having good sense of direction
(GSOD) and poor sense of direction (PSOD), they were separated into two
as fixed (n=28) and independent viewpoint groups (n=27) by random

sampling method.
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Each participant was given instructions before making the test questions
related to the study and how the questionnaire form functions. Each
participant was watched either the scene or the virtual tour, depending on
the group he/she belonged to, and then answered the questions

individually.

4.3.2.1. Fixed Viewpoint

For the fixed viewpoint group, there was a three- dimensional view of a
space which was designed by using 3D Studio MAX 6.0 (see Figure 4.1).
The participants were instructed to learn the locations of 5 objects on the
three- dimensional representation. They were allowed to watch the given
perspective for 30 seconds to learn the locations of the landmarks. The
objects were selected with the restrictions that they can be visually different
in kind. These objects were varied in functions and locations. The
landmarks were a bed, an L-type sitting unit, a dining unit, a sitting unit, and
a single chair. The furniture color was chosen between black- white scale
and the environment’s color was chosen from the neutral colors to eliminate

the influence of the color in the experiment.
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Figure 4.1. View of the Three Dimensional Space

Waller, Beall and Loomis (2004) indicated that the ‘direction circle’ method
can be used to assess knowledge of relative directions which was
developed by Moar and Bower in 1983. In this method, participants were
shown a circle and they were to imagine being at the location marked at the
center of the circle (X) and facing in the direction of the location that is
labeled at the top of the perimeter of the circle (Y) (see Figure 4.2). Then,
the participant draws a line from the center to the target direction (Y) that
represents the proper direction of the target location. The direction circle is
a widespread method in spatial cognition literature (Waller et al., 2004). It
has the advantage of giving researchers the chance to examine
participant’s behavior in the laboratory, where it is easy to acquire
observations. These evaluations may also allow the researcher a

comfortable means of controlling possible confusions involved with
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exposure to the testing environment. For example, researcher may not want
to allow people to navigate between testing locations within the environment
during the test. It also gives possibility of testing large group of people at

once (Waller, Beall and Loomis, 2004).

Figure 4.2. Sample for Direction Circle Method Used in the Experiment

A questionnaire was prepared to measure the spatial ability in (VEs) (see
Appendix B). Questionnaire consisted of two parts. These were part 1 and
part 2, had 8 questions for each. Part 1 included aligned questions, which
were facing the same direction of learning direction of the participant,
related to 5 main landmarks such as ‘you are standing at the single chair
(X) and facing towards the black L- type sitting unit (Y). Please point the

bed’. The schematic diagram of the layout was shown in Figure 4.3.

Bed Black L-type sitting
unit
Dining unit
Single chair

White sitting unit

Figure 4.3: Schematic Diagram of the Layout from the VE.
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Part 2 includes misaligned questions, which were facing the opposite
direction of the learning direction of the participant, such as, ‘you are
standing at black L-type sitting unit (X), facing toward the single chair (Y).
Please point the bed'. In this part, the spatial updating ability of the

participants’ was effective to find the correct answer.

The direction circle method was used for the questionnaire. According to
the correctness rate in the answers, their success was measured for both
types of questions. It took approximately 5-7 minutes to complete the
questionnaire. For each correct answer, the participant took one point. For
this reason, the maximum point for both aligned and misaligned questions

was 8.

4.3.2.2. Independent Viewpoint

The participants were asked to watch the virtual tour on the computer three
times (see Appendix D). Since the scene including the five landmarks,
takes about 5 seconds in each trial, it is difficult to focus on the locations of
the landmarks in such a short time. To reduce this influence, the participant
was allowed to watch the scene for three times. After the third trial, the
computer was closed and the questions were given to the participants to
make the pointing assignment. Each trial required 40 seconds. Each
participant was asked to answer the questionnaire by using the direction
circle method. It took approximately 7-9 minutes to complete the

questionnaire.
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The questions were the same questions that were asked for the fixed
viewpoint group, which included aligned and misaligned questions.
According to the correct number of answers, the success of the participant
was determined. For each correct answer, the participant took one point.

and the maximum point for the aligned and misaligned questions was 8.

4.4. Analysis and Results
Statistical Package for the Social Science (SPSS) 12.0 was used to assess
the data. The correlated and uncorrelated t- tests and chi- square test were

used in the analysis of data.

4.4.1. Gender Difference According to the SBSOD

For SBSOD test, the lower score means, the more success and more
confidence about SOD ability. To construct good and poor sense of
direction groups, 28 participants who scored below the mean (3.25 and
below) were taken as the good sense of direction (GSOD), and 27 who
scored above the mean (above 3.25) were taken as the poor sense of
direction (PSOD). There were 11 female and 17 male students in GSOD
group. The PSOD group included 17 female and 10 male students (see

Appendix C- Table C1).

Chi- square analysis was used to assess if sense of direction groups were
independent from gender. According to the Chi- square test, there was no
significant association between gender and the scores obtained from SBSOD

test (y2=2.209, df=1, p=0.137). It can be concluded that the scores of female
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participants in SBSOD test was not so different from the male participants’

(see Appendix C- Table C2).

4.4.2. Aligned and Misaligned Questions
This part included the results related to aligned and misaligned questions,
for all, the fixed viewpoint group, the independent viewpoint group, the male

and the female participants.

Using related t- test, it was analyzed if there was a difference for all, fixed
viewpoint, independent, male and female participants for the aligned and

misaligned questions.

It was found that, the mean number of aligned questions and that at
misaligned questions for all, fixed viewpoint, independent viewpoint, male
and female participants did not differ significantly (see Appendix C; Table

C3-C12).

4.4.3. Aligned and Misaligned Questions in Good Sense of Direction
(GSOD) Group

This part included the results for aligned and misaligned type of questions

having GSOD in fixed viewpoint, independent viewpoint, male and female

participants.
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Using related t- test, it was analyzed if there was a difference for GSOD-
fixed viewpoint, GSOD- independent viewpoint, GSOD- male and GSOD-

female participants for the aligned and misaligned questions.

It was found that, the mean number of aligned questions and that at
misaligned questions for GSOD- independent viewpoint participants did
significant difference. That is, GSOD- independent group of participants
were more accurate at answering misaligned questions than aligned

questions (see Appendix C- Table C13, Table C14).

On the other hand, there was no significant difference found between
GSOD- fixed viewpoint, GSOD- male and GSOD- female participants (see

Appendix C- Table C15- C20).

4.4.4. Aligned and Misaligned Questions in PSOD Group
This part included results for aligned and misaligned questions and
participants having poor sense of direction (PSOD) in fixed viewpoint,

independent viewpoint, male and female participants.

Using related test, it was analyzed if there was a difference for PSOD- fixed,

PSOD- independent viewpoint, PSOD- male and PSOD-female participants

for the aligned and misaligned questions.

It was found that, the mean number of aligned questions and that at

misaligned questions for PSOD-fixed, GSOD- independent viewpoint,
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PSOD- male and PSOD- female participants did not differ significantly
which means no significant difference found in accuracy for aligned and

misaligned questions (see Appendix C- Table C21-C28).

4.4.5. All Male and Female Participants
This part includes results for aligned and misaligned type of questions for all

female and male participants separately.

Using unrelated t- test, it was analyzed if there was a difference for aligned
questions and misaligned questions. It was found that, the mean number of
male participants and that at female participants for aligned and misaligned
questions did not differ significantly. That is, no significant difference found

about accuracy for both questions (see Appendix C- Table C29- C32).

4.4.6. GSOD & PSOD Group of Participants
This part included results for the aligned type of questions and misaligned
type of questions for the GSOD group and PSOD group of participants

separately.

Using unrelated t-test, it was analyzed if there was a difference in the
GSOD and PSOD group of participants in answering the aligned and
misaligned questions. It was found that, the mean number of GSOD and
that at PSOD group of participants did differ significantly for the misaligned

questions (see Appendix C- Table C33,Table C34). For this reason, GSOD
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group of participants were found better at answering misaligned questions

than PSOD group of participants.

For the aligned questions, there was not any significant difference found for

the GSOD group and that of PSOD group of participants (see Appendix C-

Table C35, Table C36).
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5. DISCUSSION

To understand the effect of gender, the Santa Barbara Sense of Direction
(SBSOD) scale and the question form of the study were analyzed according
to the performances of the participants. Even though there was a male
superiority in the confidence for sense of direction, as the number of female
participants was less than males’ in good sense of direction group (GSOD),
results of the experiment showed that there was no significant gender
differences related with the sense of direction scale. For this reason, the
results of the study did not confirm that there was a male superiority on
spatial abilities, which means there is no superiority of genders about SOD
in virtual environments. Montello et al. (1999) stated that even though there
was a male superiority to pointing direction along routes, there was small
and unimportant differences between genders on map learning tasks and
map use. Bosco et al (2004) claimed that men and women used different
strategies to conduct the orientation tasks. On the other hand, enough
training could reduce or eliminate the gender effects in spatial orientation.
Prestopnik and Roskos- Ewoldsen (2000) stated that men are more
confident of their answers than women and for this reason, men are more
accurate. Malinowski and Gillespie (2001) also found a male superiority in
their research. Dabbs et al. (1998) found that there was not difference

between men and women in object location memory, however there was
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male superiority in mental rotation skill. Devlin and Bernstein (1995) stated
that men are more confident in their ability to find their way and about their
sense of direction. Lawton and Kallai (2002) mentioned that there was a
gender difference either in performance on laboratory tests of spatial ability
or in feelings and behaviors in the three- dimensional world related to
navigation. Moreover, Waller et al. (2001) stated that there is a gender
effect for spatial knowledge possession on VEs. Compared with men,
women had more errors. It was suggested that, understanding the spatial
characteristics of VEs may be more challenging for women than men.
Sandstrom et al (1998) stated that males had got superiority in VE
navigational task, however there was an effect of joystick experience
related with the ability differences of genders. Waller (2000) also noted that
gender influences the strategies of obtaining spatial knowledge and
accuracy of the spatial knowledge which is taken from VEs desktop which
may be related with differences in the abilities demanded to interact with

computers.

About the effect of sense of direction as a personal ability, good sense of
direction (GSOD) group of participants were expected to be more accurate
at learning the layout than the poor sense of direction (PSOD) group of
participants. According to the results of the experiment, within all
participants no significant difference was found related to the good sense of
direction (GSOD) group of participants and poor sense of direction (PSOD)
group of participants statistically in answering aligned and misaligned

questions in VEs.
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Sholl et al (2000) stated that people who reported themselves as having
good sense of direction (GSOD) can give and follow directions, they are
able to explore their environment actively, recognize new routes and be
present to details in new environment. Whereas, people who report
themselves as having poor sense of direction (PSOD) worry about getting
lost, feel more anxious and lose their way in new cities and buildings. Poor
sense of direction group of participants were accepted as having more
restricted interactions with their physical environment. For this reason, it
was emphasized to consider the underlying cognitive factors that provide to
sense of direction. Also, Kato and Takeuchi (2003) stated that good sense
of direction (GSOD) participants were better at recall a number of large
objects effectively as landmarks than those with a poor sense of direction
(PSOD). Heth et al. (2002) indicated that participants who reported
themselves as having a good sense of direction were faster and accurate in
pointing. Koslowski and Bryant (1977) also stated that people with GSOD

showed more accuracy in representing the environment than PSOD ones.

Results of the experiment confirmed that there was superiority of good
sense of direction (GSOD) group of participants, yet, not in all tasks. It was
for the misaligned type of questions and for the independent viewpoint
group of participants. This means that, the learning style of the virtual layout
also affects the accuracy of the participants for the misaligned type of
questions along with their sense of direction ability that they have reported.
On the other hand, there was not any superiority of the fixed viewpoint

group of participants in general. For this reason, it can be stated that, the
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sense of direction ability had shown its impact for the some type of learning

group and for the misaligned type of questions.

About learning style of the layout, McNamara (2003) stated that misaligned
judgments were less accurate than aligned judgments in the virtual walk
condition. In addition, Shelton and McNamara (2001) pointed out that
judgments of relative direction were more accurate than the judgments of
imagined direction. Mou et al. (2004) found that pointing performance was
best when the imagined direction was parallel to the learning view. Pointing
performance was also more successful when the imagined and the actual

direction were the same (Mou et al, 2004).

According to the results of the experiment, the fixed viewpoint group of
participants was not more accurate about answering the aligned type of
questions than answering misaligned type of questions. Since, the learning
direction of the layout had the same direction with the aligned type of
questions rather than the misaligned ones, it was expected more accuracy
about aligned type of questions. On the other hand, no significant difference
was found related to the fixed viewpoint group of participants and accuracy

of aligned type of questions statistically.

Mou et al. (2004) stated that as people move through an environment, they
must update their location and orientation with regard to familiar elements of
the landscape. Loomis et al. (2002) also stated that as the observer rotates

and translates, the spatial object is constantly updated with respect to the
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person’s changing orientation and location within the environment. Waller et
al. (2002) stated that updating one’s mental representation is a necessary
result of the action as a consequence of moving an environment. In the
experiment, it was expected that since independent viewpoint group of
participants had the chance to watch the whole virtual tour in the
experiment, because of the spatial updating the participants would get
better results for the misaligned type of questions rather than the fixed
viewpoint group of participants. The experiment confirmed this hypothesis.
It was found that, there was a significant difference between the
independent group of participants whom stated themselves as good sense
of direction (GSOD), were more accurate about answering the misaligned
type of questions. Since, only the GSOD- independent group of participant
were more accurate, this means the sense of direction ability was also
effective in learning the spatial layout in VE. Poor sense of direction group
did not show such an accuracy for both type of groups; either independent
or fixed viewpoint group of participants. On the other hand, the good sense
of direction group showed better results for the independent viewpoint and

misaligned type of questions.
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6. CONCLUSION

According to the findings of the research, there was not gender superiority
between male and female participants about SBSOD and learning layout in
VEs. Even though the male participants sound more enthusiastic and
courageous about the sense of direction ability of themselves, at the end of
the SBSOD scale evaluation, it was found that there was not a significant

difference between gender and sense of direction ability.

It was found that sense of direction ability and the learning style of the
spatial layout had significant effect on the misaligned type of questions. The
ones who have good sense of direction were more accurate in answering
the misaligned types of questions. Even though the questions were asked
about a chosen scene in the designed virtual environment because the
learning style was different, there was superiority for the independent
viewpoint group having good sense of direction. This confirmed that sense
of direction ability as a personal trait, was effective in spatial cognition of the

virtual environment as well as the learning style of the spatial layout.
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Developments in the computer technology lead people to investigate the
possibilities of the VEs. The spatial factors that are effective in real world
environments are also important in VEs. In the present research, learning
styles of the participants were examined by using specified landmarks.

For further studies, it is possible to examine VEs by introducing variables
such as speed, color, etc. In this way, the facilities produced by VEs can be

helpful to both designers and users of the real environments.
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Name:

Sex: F [ M [ Age:

This survey is a part of a research conducted in the department of IAED. It does not
have any grade value related to the design studio or any other coursework.

SANTA BARBARA SENSE OF DIRECTION SCALE

This questionnaire consists of several statements about your spatial and navigational
abilities, preferences, and experiences. After each statement, you should circle a number
to indicate your level of agreement with the statement. Circle “1” if you strongly agree
that the statement applies to you, “7” if you strongly disagree, or some number in
between, if your agreement is intermediate. Circle “4” if you neither agree nor disagree.

strongly agree strongly disagree

1. Tam very good at giving directions 1 2 3 4 5 6 7
2. Ihave a poor memory for where I left things. 1 2 3 4 5 6 7
3. Tam very good at judging distances. 1 2 3 4 5 6 7
4. My “sense of direction” is very good. 1 2 3 4 5 6 7
5. Itend to think of my environment in terms of

cardinal directions (N, S, E, W). 1 2 3 4 5 6 7
6. 1 very easily get lost in a new city. 1 2 3 4 5 6 7
7. 1enjoy reading maps. 1 2 3 4 5 6 7
8. I have trouble understanding directions. 1 2 3 4 5 6 7
9. Tam very good at reading maps. 1 2 3 4 5 o6 7

10. I do not remember routes very well while

(9]
W
N
9]
=)
|

riding as a passenger in a car.
11. I do not enjoy giving directions. 1 2 3 4 5 o6 7
12. It is not important to meet to know where I am. 1 2 3 4 5 o6 7

13. T usually let someone else do the

navigational planning for long trips. 1 2 3 4 5 6 7
14. I can usually remember a new route after
I have travelled it only once. 1 2 3 4 5 6 7
15. I do not have a very good “mental map”
of my environment. 1 2 3 4 5 6 7
Thank You!
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QUESTION FORM

Name:

Sex: F [} M [ Age:

Part 1

Please answer the following 8 questions by drawing an arrow on the circle as
shown in the example.

Example:

You are standing at the single chair (X) and facing toward the black L-type sitting
unit (Y). Please point the bed.

Given: Answer:

1. You are standing at the dining 2. You are standing at the dining unit and
unit and facing toward the bed. facing toward the bed. Please point the
Please point the black L- type single chair.

sitting unit.
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3. You are standing at the dining 6. You are standing at the white sitting unit

unit and facing toward the bed. and facing toward the dining unit. Please
Please point the white sitting unit. point the bed.

4. You are standing at the white 7. You are standing at the single chair and
sitting unit and facing toward the facing toward the black L- type sitting unit.
dining unit. Please point the black Please point the white sitting unit.

L- type sitting unit.

5. You are standing at the white 8. You are standing at the single chair and
sitting unit and facing toward the facing toward the black L- type sitting unit.
dining unit. Please point the single Please point the dining unit.

chair.
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Part 11

Please answer the following 8 questions by drawing an arrow on the circle as
shown in the example.

Example:

You are standing at the bed (X) and facing toward the dining unit (Y). Please point
the white sitting unit.

Given: Answer:

1. You are standing at the bed and 2. You are standing at the bed and facing
facing towards the dining unit. towards the dining unit. Please point the
Please point the black L-type single chair.

sitting unit.
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3. You are standing at the black
L-type sitting unit and facing
towards the single chair. Please
point the white sitting unit.

4. You are standing at the black
L-type sitting unit and facing
towards the single chair. Please
point the dining unit.

5. You are standing at the black
L-type sitting unit and facing
toward the single chair. Please
point the bed.

6. You are standing at the dining unit and
facing toward the white sitting unit. Please
point the black L-type sitting unit.

7. You are standing at dining unit and
facing towards the white sitting unit.
Please point the single chair.

8. You are standing at the dining unit and
facing towards the white sitting unit.
Please point the bed.
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List of The Result Tables

Table C1. SBSOD Cross tabulation

Count
SBSOD Total
Paired Samples Test
GSOD PSOD
Gender female 11 17 28
male 17 10 27
Total 28 27 55

Table C2 . Chi-Square Test

Asymp. | Exact | Exact
Sig. (2- | Sig. (2- | Sig. (1-
Value df sided) | sided) | sided)
gearson Chi- 3,083(b) 1 079
quare

Continuity 1

Correction(a) 2,209 137

Likelihood Ratio 3113 1 078

Fisher's Exact Test 108 068

N of Valid Cases 55

a Computed only for a 2x2 table
b 0 cells (,0%) have expected count less than 5. The minimum expected count is
13,25.
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Table C3. Paired Samples Statistics for All Participants

Mean N Std. Deviation | Std. Error Mean
Aligned
questions 5,7455 55 1,15819 ,15617
Misaligned
questions 5,2182 55 2,76681 ,37308

Table C4 . Paired Samples Test for All Participants

Paired Differences

95% Sig.
Confidence (2-
Std. Std. Interval of the t df tailed
Mean o Error .

Deviation Mean Difference )

Lowe | Uppe

r r

Pair 1 Align

ed - N 1,334 | 1,3
Misali 52727 2,98673 40273 ,28501 70 09 54 | ,196
gned

Table C5. Paired Samples Statistics for Fixed Viewpoint Group

Std. Error
Mean N Std. Deviation Mean
|;>a|r Aligned 5.8571 28 1,00791 ,19048
Misaligned 5,0714 28 2,98054 ,56327
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Table C6. Paired Samples Test for Fixed Viewpoint Group

Paired Differences .
Sig.
95% t df (2-
Std. Std. ) .
Mean | Deviatio| Error Confidence tailed)
Interval of the
n Mean .
Difference
Lower | Upper
Aligned )
Pair1| .. = |,78571 |3,28134 | 62012 | 4866 | 29980 | 1267 | 27 | 216
Misalign 6 9
ed
TableC7. Paired Samples Statistics for Independent Group
Std. Std. Error
Mean N Deviation Mean
Aligned 5,6296 27 1,30526 ,25120
Pair 1
Misaligned 5,3704 27 2,57425 ,49542
Table C8. Paired Samples Test for Independent Group
Paired Differences Sig
95% .
Confidence (2-
Std. Std. Interval of the tail
Deviati Error Difference t df | ed)
Mean on Mean Lowe
r Upper
Pair 1 | Aligned — -
Misaligne | ,25926 | 28831 | 51638 8021 | 13296 502] 26 62
d 8 7 9 0

79




Table C9.Paired Samples Statistics for Male Participants

Mean N Std. Std. Error
Deviation Mean
. Aligned 5,6667 27 1,27098 ,24460
Pair 1
Misaligned 5,5185 27 2,63658 ,50741

Table C10.Paired Samples Test for Male Participants

Paired Differences Sig.
95% Confidence (2-
Std. Interval of the tail
Std. Error Difference t ed)
Mean | Deviation | Mean

Lower | Upper
Pair 1 | Aligned - -1 1,1814 ] ,29 g7
Migaligned 148151 2,61216] 50271 gg519 gl s 1

Table C11. Paired Samples Statistics for Female Participants

Mean N Std. Deviation Std. Error
Mean
Pair1 | pligned | 58214 | 28 1,05597 119956
Misaligned | 4,9286 | 28 2,90502 54900
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Table C12. Paired Samples Test for Female Participants

Paired Samples Test

Paired Differences
95% t df Sig. (2-
Std. Confidence tailed)
Std.
Mean Deviation Error Interval of the
Mean Difference
Lower | Upper
Aligned )
Pair | - [ 8928 1 331483 | 62644 | 3925 [ 2178 | 1425 | 27 | 166
1 Misalig 6 0 21
ned

Table C13. Paired Samples Statistics for GSOD-independent Viewpoint

Group
Std. Std. Error
Mean N Deviation Mean
Pair 1 Aligned 5,9286 14 , 91687 ,24505
Misaligned 6,6429 14 ,92878 ,24823

Table C14. Paired Samples Test for GSOD-independent Viewpoint

Group
Paired Differences
Sig.
(2-
Std. Std. 95% Confidence tailed
Devia | Error In_terval of the t df )
Mean tion Mean Difference
Lower | Upper
Pair 1 | Aligned — 1069 - -
Misaligne | -,71429 | .’ ,28571 |1,3315 | -,09704 25 |13 |,027
d 04 3 00
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Table C15. Paired Samples Statistics for GSOD-fixed Viewpoint Group

Std.
Std. Error
Mean N Deviation | Mean
Pair 1 Aligned 5 0286 14 ,99725 ,26653
Misaligned 57143 14 2.67261 , 71429

Table C16. Paired Samples Test for GSOD-fixed Viewpoint Group

Paired Differences

95% Confidence

d

Sig.

std. | st '”g?][]:’a' of the (2-

Deviatio Error fierence tail

Mean n Mean Lower Upper t df ed)

Pair 1 | Aligned — ) o5 80
Misaligne | ,21429 | 3,11766 | ,83323 1,58580 2,01437 7 13 y

Table C17. Paired Samples Statistics for GSOD-male Participants

Std.
Mean N S.td " Error
Deviation
Mean
, Aligned 5,9412 17 ,82694 ,20056
Pair 1
Misaligned 6,1765 17 2,03824 ,49435
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Table C18. Paired Samples Test for GSOD-male Participants

Paired Differences
95% df f‘gl- (dz'
Std. Std. Confidence ailed)
Mean | Devia| Error Interval of the
tion Mean Difference
Lowe
r Upper
Pair1 | AIONCA- 1 53509 | 1985 | 4g149 [ 1,256 | 78542 | 489 | 16 | 632
Misaligned 24 01

Table C19. Paired Samples Statistics for GSOD-female Participants

Std.
Mean N S.td'. Error
Deviation
Mean
Aligned 5,9091 11 1,13618 ,34257
Pair 1
Misaligned 6,1818 11 2,08893 ,62984

Table C20. Paired Samples Test for GSOD-female Participants

Paired Differences .
Sig.
95% df t(2.|'
Std. Std. Confidence a; ©
Mean Deviati | Error | Interval of the )
on Mean Difference
Lower Uprpe
.| Aligned - -
Pair | Visaligne | -27273 | 29014 | 87481 | 2,221 | 1676 | 312 | 10 | ;762
1 d 1 92 47
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Table C21. Paired Samples Statistics for PSOD-fixed Viewpoint Group

Mean N Std. Std. Error
Deviation Mean
. Aligned 5,7857 14 1,05090 ,28087
Pair 1
Misaligned 4,4286 14 3,22763 ,86262

Table C22. Paired Samples Test for PSOD-fixed Viewpoint Group

Paired Differences
95% Sig.
Confidence (2-
Std. Std. Interval of the tailed
Deviati | Error Difference t df )

Mean on Mean | Lowe

r Upper

Pair 1 | Aligned - -
Misaligned 1’3571 3’455§ 02349 | 637 3352? 1’48 13| 165

93

Table C23. Paired Samples Statistics for PSOD-independent Viewpoint

Group
Std.
Mean N S.td " Error
Deviation
Mean
. Aligned 5,3077 13 1,60128 , 44412
Pair 1
Misaligned 4,0000 13 3,08221 ,85485
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Table C24. Paired Samples Test for PSOD-independent Viewpoint

Group
Paired Differences
- Sig.
95% t |df| (o
Std. Std. Confidence tailed)
Mean Deviation Error | Interval of the
Mean Difference
Lowe
) Upper
; Aligned - -
P?" Misaligne 1'3876 3,47334 ’96333 7912 | 3.40861 | 1,357 | 12| 200
d 3
Table C25. Paired Samples Statistics for PSOD-male Participants
Std. Std. Error
Mean N Deviation Mean
Pair 1 Aligned 5,2000 10 1,75119 ,55377
Misaligned 4,4000 10 3,23866 1,02415
Table C26. Paired Samples Test for PSOD-male Participants
Paired Differences Sig.
95% t df tézil_e
Std Std. Confidence
Mean : Error d)
Deviation Interval of the
Mean Difference
Lower | Upper
. Aligned - -
Palr | Misaligne | 80000 | 345768 1'01934 16734 3’2g34 732 | o | 483
d 8
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Table C27. Paired Samples Statistics for PSOD-female Participants

Mean N Std. Deviation Std. Error
Mean
) Aligned 5,7647 17 1,03256 ,25043
Pair 1
Misaligned 41176 17 3,12014 ,75675

Table C28. Paired Samples Test for PSOD-female Participants

Paired Differences Sig.
(2-
o 9 | i
Std. Std. 95% Confidence ed)
Mean | Devia | Error Interval of the
tion Mean Difference
Lower Upper
Pair | Aligned- | 1,6470 | 3,426 3,4089 ,06
y Misaligned 6 75 ,83111 -,11482 3 1,982 | 16 5

Table C29. Group Statistics for Aligned Questions for Male & Female

Participants
. Std. Error
Gender N Mean Std. Deviation Mean
Male 27 5,6667 1,27098 ,24460
Aligned
Female 28 5,8214 1,05597 ,19956
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Table C30. Independent Samples Test for Aligned Questions for Male &
Female Participants

t-test for Equality of Means
95%
t of Sig. (2- Mean Std. Error Confidence
tailed) Difference Difference Interval of the
Difference
Aligned - 490 | 53| 625 15476 31461 | -78579 |50

Table C31. Group Statistics for Misaligned Questions for Male & Female

Participants
Std.
Gender N Mean S.td'. Error
Deviation
Mean
o Male 27 5,5185 2,63658 50741
Misaligned
Female 28 4,9286 2,90502 ,54900

Table C32. Independent Samples Test for Misaligned Questions for
Male & Female Participants

t-test for Equality of Means

0 )
Sig. (2- Mean Std. Error 95% Confidence
t df > . . Interval of the
tailed) Difference Difference .
Difference
Misaligned ,788 | 53 434 ,58995 ,74891 ,9121 | 2,09207
8
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Table C33. Group Statistics for GSOD & PSOD Groups for Misaligned

Questions
Std.
SBSOD N Mean S.td " Error
Type Deviation M
ean

o GSOD 28 6,1786 2,01942 , 38163
Misaligned

PSOD 27 4,2222 3,10500 ,59756

Table C34. Independent Samples Test for GSOD & PSOD Groups for
Misaligned Questions

t-test for Equality of Means

Si 95%
t of (29_' Mean Std. Error Confidence
) Difference Difference Interval of the
tailed) .
Difference
Misaligned | 2,780 | 53 | 008 | 1,95635 70372 | 0348 [ 3357

Table C35. Group Statistics for GSOD &PSOD groups for Aligned

Questions
SBSOD N Mean Std. Deviation Std. Error
Type Mean
GSOD 28 5,9286 ,94000 17764
Aligned
PSOD 27 5,5556 1,33973 ,25783
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Table C36. Independent Samples Test for GSOD-PSOD groups for
Aligned Questions

t-test for Equality of Means

95%
t df Sig. (2- Mean Std. Error Confidence
tailed) Difference Difference Interval of the
Difference
Aligned 1,199 | 53 ,236 ,37302 31114 ,251 1 ,99708

04
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Pictures from the VE

Picture 1 Picture 4

Picture 2 Picture 5

Picture 3 Picture 6
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Picture 7 Picture 10

Picture 8 Picture 11

Picture 9 Picture 12
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