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PREFACE 

Within my master Design and Decision Support Systems at the Urban Planning Group of the 

Faculty of Architecture, Building and Planning from Eindhoven, University of Technology, I have 

focused on three topics while choosing projects and courses. These topics are research 

methodologies, urban planning and environmental psychology and in this thesis all three are 

represented. 

Wayfinding and navigating have never been one of my stronger personal qualities; I am quite 

likely to forget how to reach a destination unless the focus is really on remembering it. However, this 

doesn't make the matter any less attractive for me. lt is interesting to know what factors are involved 

in the process of finding one's way. and what aspects might help people in acquiring spatial 

knowledge and developing a cognitive map. 

In the spring of 2010 an orientation on the subject of navigation and spatial knowledge took 

place, and in the summer of that year the opportunity rose to link my resea rch to that of a PhD 

Candidate; Sehnaz Cenani. She wiJl be able to use outcomes of this report and the surplus of 

gathered data within her research. 

At this place I would like to thank Sehnaz, as well as the other members of my committee. Aloys 

Borgers and Astrid Kemperman, for their feedback, help and many hours of useful meetings. 

Furthermore I would like to thank Peter van der Waerden for his assistance with setting up the 

internet survey, and also all participants in the study who ensured that there were data to be 

analysed. I am a lso grateful for the owners of tobacco shop 'Postiljon' and café 'de Strijpse Ketel' who 

affered me a warm place to stay during the experiment, while waiting for the next participant. 

All in all, I am very pleased with the report lying here in front of you. During the (mostly solitary) 

process leading to this result I received support from so many - and in particular from Stan and my 

family- which made that I stayed on track and enjoyed working on this thesis. 

Nienke Wielens 

July, 2011 



SUMMARY 

This study is about people. their surroundings. their movements in this setting. and the knowledge they 

acquire while doing so. More specifically, it is about navigating through an unfamiliar urban environment while 

using either a paper map or an electronic navigation device for guidance. Of interest are the differences that exist 

in the type and amount of spatial knowledge that has been acquired during navigation. 

The model in figure 0.1 summarises the field of interest for this study. lnformation about the environment we 

experience is decoded via mental processes and stored in the brain of individuals. The lay-out of an environment 

has an influence on the type and amount of information that is stored. but maybe even more important are the 

mental processes involved. These processes of perception. cognition and cognitive mapping are different for each 

person due to personal characteristics. and the stored spatial knowledge in a cognitive map. Spatial knowledge 

can be divided in three stages; landmark (Jowest stage). rou te. and survey (highest stage) knowledge. each with 

their own characteristics. 

Navigation aids that people use can help them with wayfinding and navigation. but can also have an effect on 

the mental processes in their brain. As a result of that. the perception of the environment and the amount of 

stored spatial knowledge in the brain of the individual may change. The most important distinctions that can be 

made between navigation aids concern type; exocentric or egocentric. and method of display; electronic or 

printed. 

ENVIRONMENT 
Unknown area 

- Design, lay-out 
- Legibility 
- Landmarks 
- Environmental communication 

MENTAL PROCESSES 
1----~ Pen:eiving t he surroundings 

- Perception 
- Cognition 
- Cognitive mapping 

NAVIGATION AIDS 
Devices 

- Type 
Exocentric view 
Egocentric view 

- Method of display 
Electron ie device 
Printed matter 

INDIVIDUAL 
1----~ Participant 

- Characteristics 
Physical 
Psychological 
Biosocial and cultural 

- Familiarity 
- Stored spatial knowledge 

Landmark knowledge 
Route knowledge 
Survey knowledge 

SPATlAl BEHAVIOUR 
1----~ Wayfindingf navigat ing 

- Spatial orientation 
- Route planning 
- Route execution 

I 

Flgure 0.1 Conceptual model illus trating thc relations between all important rcrms in this srudy. 

To measure the effect of different navigation aids on spatial knowledge acquisition while walking through an 

unfamiliar environment. an experiment is designed and performed. Two neighbourhoods in the city of Eindhoven 

are used for the data collection. Sixty students following the course Urban Plans participated in the study. and 

they are divided over four experiment groups. Per experiment location there are two groups; a paper map group 



using a 20 north-up map with the entire route visible at one moment. and an electronic navigation device group 

with a 20 head-up map where at one moment only a small part of the route is visible. 

The experiment is divided into four parts. the first part being an internet questionnaire with general questions. 

an availability check and a first administration of the Santa Barbara Sense of Direction (SBSoD) self scale test. The 

second part of the experiment is the actual walking of the route and directly afterwards a elireetion pointing task 

where the participant indicates direcUons towards three locations seen en route. The third and fourth parts are 

identical questionnaires which contain several tasks measuring spatial knowledge. The fourth part is 

administered one week after part three and is included to investigate the decay of spatial knowledge over time. 

The hypothesis is that paper map users will perfarm better on the different tasks than electronic device users. 

The questionnaire used in the third and fourth part consists of seven tasks. the first four being recollection 

and the last three being recognition tasks: 

Sketch map drawing (measuring land mark, route. and survey knowledge); 

Giving navigation direcUons (landmark and route); 

Drawing the walkeel route on a map (route); 

Mark.ing striking features on a map with the correct route indicated (landmark and survey); 

Landmark a nel intersection recognition from photographs; including certainty questions (landmark); 

Ordering photographs of intersections in the right sequence (route); 

Placing photographs of intersections on a map; including certainty questions (route and survey); 

These tasks are foliowed by a nother administration of the SBSoD test. 

Analysis of the gathered data has lead to results for the route drawing and photograph ordering tasks, both 

measuring route knowledge. For both tasks, map users performeel signiflcantly better than device users. thus 

su pporting the hypothesis. 

lt might be the case that participants acquired too much spatial knowledge to make a difference in landmark 

knowledge tasks. and too üttle for survey knowledge tasks. This may explain why on the tasks measuring route 

knowledge (with route knowledge standing in the middle between landmark and survey knowledge) the 

significant differences between paper map and electronic device users were found. 

Certainty scores are found to correlate with the performance on the corresponding tasks, indicating that when 

the participant was more sure about his answer. he also scored better on the task. Furthermore are correlations 

found between certainty scores and both administrations of the SBSoD tests. This indicates that a higher sense of 

direction leads to more confldence on performing spatial tasks. 

Recommendations that can be given to developers of electronic navigation devices are firstly to give the 

participant a good overview of the environment. which can stimulate the development of a cognitive map and 

higher stages of spatial knowledge. Furthermore it is important to keep the user engaged in the navigation 

process. si nee when many mental processes are eliminated. the development and acquisition of spatial knowledge 

is stagnated. 
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1 INTRODUCTION 

Many people wil! remember a moment when after travelling with an electronic navigation device. 

such as for example a TomTom or a Garmin. they can nat remember how they gat at their 

destination. just blindly following directions from the device has led you there. but there is no way 

you can find your way back without using it again. You might fee! kind of disoriented and helpless. 

What to do when software fails, batteries run Jow or some emergency happens? And what if you 

want to go to the same location again next time? You are obliged to use a navigation device again, 

even though you have travelled the same route before. 

Up until now this scenario has especially been recognisable and relevant while driving a car or 

other motorised vehicle. However. with the introduetion of electronic cartographic maps and 

navigational functions on devices such as smartphones, more and more people are experiencing the 

same while walking and using their device for navigation. 

This present graduate study is about how those electronic navigation devices have an influence 

on the way humans experience their surroundings, what they remember from this environment, and 

how this information is stared in their brains. 

The following section gives a brief overview of these concepts and their relations to each other. 

Next, the research question and sub questions for the study are put out and finally it is mentioned 

how the report is structured. 

1.1 Conceptual model 

The subject area of this study can be summarised with the conceptual model shown in figure 1.1. 

The diagram is deducted from the literature review as documented in chapter 2 of this report. At this 

position the model already gives a preview of what is to come and at the same time it introduces 

some terms which wiJl make it easier to understand the research question as stated in section 1.2. 

Put shortly. the model is about how we perceive the environment around us, how we behave in 

this environment, and how both these actions can be influenced by the use of navigation aids. We 

abserve and perceive the environment which surrounds us via mental processes. and this spatial 

knowledge can be stared in our brain (arrow 1 & 2). Besides this actual experience our process of 

knowledge acquisition might be influenced by the use of for example a map, a device, or directions 

someone gives us (arrow 4). These navigation aids may also influence our behaviour (arrow 5) after 

10 INTRODUCTION 



we have decided to take a certain route or go some direction (arrow 3) by for example suggesting 

other routes. And then to complete the circle, the way we act can change the environment. 

disregarding the fact that there need to be enough people demonstrating behaviour that does not fit 

in the environment, befare it changes (arrow 6). 

ENVIRONMENT 
Unknown area 

6 

Flgure l.l Conceptual model illustrating the relations between the main concepts in this reporL 

All measurements in this study are done at the level of the individual. Of interest is the amount 

and type of knowledge this individual has of the environment. and how this might be influenced by 

the use of different types of navigation aids. 

1.2 Research question 

The objective of this study is to investigate the amount of spatial knowledge an individual has 

acquired after navigating through an unfamiliar setting. Of main interest is the effect of using 

different navigation aids while doing so. In this case there is chosen to make a distinction between a 

printed map and a mobile map on an electronic navigation device. The farmer can be seen as 'old

fashioned', and a type of aid that many people are familiar with, while the latter is a new and 

upcoming type of guidance. This old/ new distinction makes it interesting to investigate the 

difference between the two regarding the amount of spatial knowledge that is acquired after using 

them in a specific environment. This leads to the following research question: 

What is the difference in spatlal knowledge acquisition between using a paper map and an 

electronic navigation device while navigating through an unfamiliar environment? 

To be able to answer this question. a series of partial research questions has been lis ted, which 

cover its different aspects: 

1. How do people find their way? 

2. How do people perceive their environment? 

3. What is spatlal knowledge? 
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4. How do people store sparial knowledge ? 

5. How can spaNal knowledge be measured? 

6. What are the characteástics of different types ofnavigation aids? 

7 How can the influence of navigation aids on spatial knowledge acquisition be measured? 

Besides measuring the influence of differe nt navigation aids on spatial knowledge acquisition, it is 

also interesting to investigate what effects the amount of landmarks present in the environment may 

have: 

8. What is the effect of ha ving more ar less landmarksin an environment on spatial 

knowledge acquisition? 

To answer these questions it is needed to get an insight in the information available about the 

research area and different aspects mentioned in the questions. The scheme in figure 1.1 has g iven a 

short overview, and in chapter 2 the different terms wil! be fully explained. 

Findings can be useful in two ways. First and most important, it makes us understand how much 

and in which way people remember spatial information about a setting they have visited only once. 

Findings and results can be added to the existing theoretica! knowledge. Second ly, recommendations 

can be made to imprave electronic navigation aids so that besides reaching your destination, you 

also know how you got there. 

1.3 Structure of the report 

In chapter 2 an exploration will be made through existing literature. Existing theories and studies 

wil! be covered to get an insight in the field of navigation and spatial knowledge acquisition. The 

terms from the conceptual schema in figure 1.1 wil! serve a guideline for this. 

Guided by conclusions from chapter 2, chapter 3 will describe the approach and implementation 

of the performed experiment. All aspects of the experiment such as location, experiment groups and 

the questionnaire are explained in this chapter. 

Performed analyses on gathered data and the results of these can be found in chapter 4. The last 

chapter, chapter 5, is reserved for conclusions and a discussion of results. 
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2 LITERATURE 

Humans. like every other species. move through and act in the world to fulfil their needs. 

Depending on the purpose of moving around one pays more or less attention to what he sees and 

experiences in his surroundings. Maybe he knows the way. maybe he has never been there before. 

He might use prior experiences of this environment or a similar one; or the directional signs that lead 

him to his destination. So by using the brain. in combination with interpreting signals from the 

environment, we are able to find our way. 

About the process of gathering and storing information in the brain. as well as on route choice 

and implications of travel behaviour. a large body of lirerature and research exists. In this chapter 

the general principles wiJl be explained and put in perspective. 

2.1 Environmental psychology 

The way humans behave is for a large part influenced by the environment they are in. Think 

about how differently you would act at either an outdoor or an indoor location. But this is only a very 

first division since environments can consist of any gradation of for example a natura!, built. social. 

educational or cultural setting; such as a park. a concert hall , a restaura nt. a city centre or your own 

living room. 

Since the 1960s there has been a rising interest among psychologists for the influence of the 

environment on human behaviour. Researchers realised that individuals acquire information about 

the environment and act in a certain way because of that setting. This was the foundation for the 

information-processing approach in cognitive psychology. as described in the next section (Bell et al .. 

2001; Gärling & Golledge, 1993). In sec ti on 2.1.2 perception and cognition - or in other words the 

way we take in the world around us- are explained. The mental construct where all this (spatial) 

information is stared is called a cognitive map. as put out in section 2. 1.3. 

2.1.1 Man-envkonment relaäonships 

In our daily Jives two different environments exist. These are a physical, tangible environment, 

and a cognitive environment. which can be seen as a constructed image in the brain. Both the 

interaction between the physical environment (environmental structure) and cognitive environment 
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2. 1.2 

(interface, the brain). and the influence it has on spatial behaviour has been illustrated by Golledge 

and Stimson ( 1987), as seen in figure 2.1. 
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F1gure 2.1 The Man-Environment Behavioural Interface (Golledge & Stimson. 1987. p 11) 

The diagram in figure 2. 1 shows how the behaviour of people is influenced by the envkonmental 

structure and reversely how this structure can be infl uenced by spatlal behaviour people show. The 

physical environment has an effect on people, represented by the interface in the diagram. These 

stimuli are being processed by the brain, through pe rception and cognition, and make up a certain 

attitude. This attitude or choice leads to spatial behaviour, which takes place and fits in the physical 

environment. However. when many people demonstrate behaviour unconformable with the physical 

environment. this may lead to an adaptation of the environmental structure. This can be as easy as 

planting some flowers in communal ground because you think it looks nice in front of your house, or 

as large as a municipality redesigning a square that doesn't have enough room for the weekly market 

that takes place. 

The diagram also shows the cognitive mapping process. which is located in the behavioural 

interface. Past and present environmental experiences are organised and given meaning, or as 

Golledge and Stimson (1987, p.11) say; it is the "black-box within which humans form the image of 

their world" (see also section 2.13). 

Perception and Cognition 

Being human, we abserve and take in the world around us, as visualised in figure 2. 1. This real 

world is very complex and sending out indefinite amounts of information signals. Because of this 

complexity we can only piek up a small portion of the information that is sent out. Individuals 
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2.1.3 

receive the signals through their senses; sight, hearing, smell, touch and taste. Astrong stimulus may 

be impounding on the brain, but in general the sensory system decides what to look for. The senses 

only record those stimuli that are of direct interest for a person at that moment. and ignore the rest. 

Th is process of selection is called perception 

Cognition stands for how the received stimuli are stared and organised in the brain . The 

information acquired is added to that what was already there. ln the future, this informat ion can be 

used again, for example to find your way home or to give directions to a passerby who is unfamiliar 

to the setting (Golledge and Stimson, 1987). 

When information signals are filtered through perception and further fil tered through cognitive 

structures of previous experiences. a mental image of the objective environment is formed. This 

processis visualised by Golledge and Stimson (1987) in figure 2.2. 

• the 
real world 

information 

environmental 
messages 

perception cognition 

0 ·Ü 
senses bra in 

Flgure 2.2 The formaûon of images (Golledge & Sûmson. ! 987. p.37). 

transformed 
mental image 

Bath the mental image an individual has and the behaviour this individual shows in a certain 

environment are different between people. This can firstly be explained by the different selections 

the senses make in percelving the world, as well as different interpretations made by the brain and 

the way this is recalled later. Secondly, the specific condition of the environment at the moment it is 

perceived can have an influence on how and what is remembered. Think about the time of day, 

different seasons and also the viewpoint you have (Lynch, 1960). 

Mental jmages, cogniUve maps and cognmve mappÎng 

ln 1960, Kevin Lynch wrote his ploneering book The Image of the City As the title suggests 

Lynch writes about the mental image a person develops in the brain, but it is also about how this 

image can be translated into words, diagrams, and maps. He bath describes the study he performed 

in three large American cities and his theory leading up to and derived from this. The following 

citation shows his fascination with the city itself and the way people experience it (Lynch, 1960, p.1): 
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"Looking at cities can give a special pleasure. however commonplace the sight may be. Like a piece 

of architecture. the city is a construction in space. but one of a vast scale, a thing perceived only in 

the course of long spans of time. [ ... ] At every instant. there is more than the eye can see. more than 

the ear can hear. a setting or a view waiting to be explored. Nothing is experienced by itself. but 

always in relation to its surroundings. the sequences of events leading up to it. the memory of past 

experiences." 

What Lynch ( 1960) in his book ca lis the image, is in general called a mental map or cognitive 

map by researchers in the field of environmental psychology. In 1948 Edward Tolman was the first 

to use the term cognitive map. in his study of the behaviour of rats in a maze. He found that rats 

Jearn about the spatial lay-out of the maze, and therefore must have developed some sart of map in 

the bra in. which he called a cognitive map (Bell et al., 200 1; Kitchin. 1994). In the years to follow the 

expression. and the concept it stands for, has been used. studied and discussed in several disciplines; 

besides environmental and cognitive psychologists, also geographers. anthropologists and planners 

have studied the matter of cognitive maps (Bell et al.. 200 1). Since the 1990s several developments 

have been the cause for a renewed interest in interdisciplinary research. The most important one 

among those is the development of several kinds of spatial technologies such as geographic 

information systems (GIS). navigation systems and smart-phones (Kitchin, 2000). 

But what is a cognitive map? Is it anything like the map on paper you use to look up an address? 

Stea and Blaut (1973. p. 227) describe a cognitive map as a means to "predict the environment 

which is toa large to be perceived at once, and to establish a matrix of environmental experience into 

which a new experience can be integrated". This definition again shows that a cognitive map is nat a 

fixed outcome of a process. but an evolving construct which adapts to acquired knowledge and 

experience. So, the term map is more Jike a metaphor than an actual map, it is the way our spatial 

knowledge is stored. 

A cognitive map is produced by a process called cognitive mapping As mentioned before, 

cognitive mapping can be described as a process which takes place in the brain (Golledge & Stimson, 

1987). Downs and Stea (1 977, p.6) make a clear distinction between this cognitive mapping and on 

the other hand cognitive maps. They state that cognitive mapping is "an abstraction covering those 

cognitive or mental abilities that enable us to collect, organise. store. recall, and manipulate 

information about the spatial environment", whereas a cognitive map is "a person's organised 

representation of some part of the spatial environment". In other words. cognitive mapping refers to 
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an activity; a process of doing, and a cognitive map is a product representing the world at a certain 

instant in time. 

A researcher who recognises the difficulties in terminology has suggested using a different term 

for cognitive maps. Tversky (1993) introduces the term cognitive collage -which contains ftgures, 

partial information, and differing perspectives- without being map-like. While being an interesting 

thought, in the remainder of this report the term cognitive map wil! be used to describe a person's 

spatial knowledge he has stared in the brain. In section 2.4 about learning new environments the 

process of cognitive mapping wil! be further explored. 

2.2 Finding your way 

Befare worrying about how we get from A to B, it is good to consider that there is a process 

involved with knowing where you are at some instant in time. This is a process of devising an 

adequate cognitive map of a setting and at the same time being able to situate oneself within that 

representation; it is called spatial orientation (Passini , 1984). We are oriented when we know where 

we are now, and when we know how to tie this location to a series of other locations. When 

orientation fails it can be said that we are lost. This is when we are unable to make the necessary link 

between what we see around us and our cognitive map (Downs & Stea, 1977). A Peeling of being lost 

can especially be the case when you are in a setting which you are not familiar with or of which you 

have not formed an adequate cognitive map yet. Besides maybe blaming yourself for not finding 

your destination, having trouble finding one's way could lead to certain other negative effects 

(Arthur & Passini, 1992): 

Frustration and stress: Being lost makes people insecure and afraid. On the other hand 

excitement and satisfaction can be feit when solving a wayfinding problem. 

Safety: In an emergency situation such as a fire, wayfinding could be a case of life and death, 

and not being able to ftnd your way may give a feeling of fear. Safety issues might be more 

relevant for a building than fora large-scale environment, but it can be said that a setting is 

safer if it is wel! understood by the users and if they can easily get around in it. 

Decreased accessibility: A confusing or hard to reach environment is not attractive to visit 

again. This could especially be the case for handicapped or elderly people who have difficulty 

walking. 

In the following section it is explained how we find our way and what we need to do so. Next, in 

section 2.2.2, the term navigation is introduced as a specialisation of this wayf.inding. 
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2.2.1 Wayfindl'ng 

Finding our way - when travelling from A to B- is sarnething we do many times a day. and it is a 

much more pleasant experience than being lost. You probably know exactly how to get from your 

home to work or school. or to a supermarket nearby. However. finding a friend's house in a 

neighbourhood you don't visit regularly may prove to be a more difficult task. In general we can say 

that the more frequently you travel a certain route. the more familiar you get with it. 

As explained before. remembering and learning the spatiallayout of an environment is a cognitive 

process. called cognitive mapping. and this is required for the process of wayfinding. Wayfinding 

describes the process of reaching a destination -either familiar or unfamiliar- and is defined by 

Passini (1984) as a spatial problem solving process. consisting of three distinct abilities. which do 

not necessarily take place in this order (Passini. 1984): 

A cognitive mappingor information generating ability that allows us to understand the world 

around us; 

A decision making ability that allows us to plan actions and to structure them into an overall 

plan; 

A decision executing ability that transfarms decisions into behavioural actions. 

Golledge (1999) also describes wayfinding as a purposive, directed and motivated activity; it is the 

process of determining and following a path or route from an origin to a specific destination 

(Golledge. 1999) . In this definition we recognise the two Jast abilities noted by Passini. 

2.2.2 Navigation 

It is becoming more common to differentiate between wayfinding and a concept very much 

related to that: navigation. Wayfinding is taken more gene rally to involve the process of finding a 

path between an origin and a destination. that has not necessarily previously been visited. On the 

other hand implies navigation that the route to be foliowed is predetermined. deliberately calculated. 

and defines a course to be foliowed between a specific origin and destination. So it can be said that 

navigation is more than wayfinding concerned with criteria such as s hortest time. shortest path. 

minimum costs and least effort. For navigation. a traveiler usually has to plan a route before 

travelling whereas wayfinding is more exploratory or adventurous; a traveiler can make decisions 

during the travel process depending on emotion or satisfaction (Golledge & Gärling. 2002). 

Another approach is described by Daniel Montello (2005). who classifies navigation as an act 

which consists of two components; locomotion and wayfinding. Montello explains locomotion as the 
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movement of one's body in an environment. coordinated s pecifica lly to the local or proximal 

surroundings; it is really about finding a place to set your feetand avoiding obstacles. Wayfinding on 

the other hand is the goal-directed and planned movement of one's body around an environment in 

an efficient way; it requires a destination we wish to reac h. For wayfinding. memory - both stored in 

the bra in and in objects such as maps- is crucial, since most of the time the destination is not in the 

local surroundings and we have to choose routes and create shortcuts (Montello. 2005) . 

It can be said that both Golledge and Gärling (2002} and Montello (2005} see navigation as a 

specialisation of wayfinding. The former emphasise on the planning aspect being involved. while the 

latter also incorporates the notion of locomotion. 

2.3 The physical environment and the individual in it 

2.3. 1 

How we perceive and process the information sent out by the environment has a great deal to do 

with our brain. as described before. Some people may be fast in forming an elaborate cognitive map 

because of past experiences. while others have more trouble to do so. This is not solely due to the 

differences in our systems. but also has a great deal to do with the fegibility of an urban structure. 

Legibility is explained by Lynch (1 960. pp.2-3} as the "ease with which parts of the cityscape can be 

recognised and can be organised into a coherent pattem [ ... !. so a legible city would be one whose 

districts or landmarks or pathways are easily identifia ble and are easily grouped into an over-all 

pattern". 

The perceived legibility of a (part of the) city influences the rate of which an environment is 

learned. When the environmental information is incorporated into a cognitive map we can speak of 

imageability (Golledge & Gärling. 2002; Ly nch, 1960) Besides legibility and imageability there are 

other aspectsof the environment - and the person in it- that influence the speed of learning and how 

much is remembered. as we wiJl see in the following sections about landmarks . environmental 

communication and aspectsof the individual. 

Landmarks 

Each environment has features standing out fro m the ir background. This can beseen on all levels 

ranging from for example 'must visit' places noted in a tourist guide to a neighbour's brightly 

colou red front door where the standard is white (see figure 2.3). Th ere are several components of 

the real world that influence what elements wil! be incorporated in a person's cognitive map. 

According to Lynchthere a re three, which always appear tagether (Lynch. 1960): 
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ldentity: the identification of an object and how distinct it is from other objects, its 

individuality; 

Relation: the object has a spatial or pattem relation to other nearby objects, there is for 

example variation in setback, height or scale; 

Meaning: the object has meaning for the observer, either practical or emotional. 

F!gure 2.3 Landmarksexist on different levels. 

Left: Florence tourist map (mappery.com). Right: a front door in a disûncûve co!our. 

The objects standing out from their surroundings are called landmarks. Landmarks at a decision 

point or along a route are called local landmarks, the ones further away that are used for overall 

guidance are called distantlandmarks (Lynch, 1960). 

What one person considers to be a landmark, may nat be one for someone else. A specific house 

can for example be a landmark along your route lbecause you know the person living there, but it 

may not be for another who doesn't know the occupant. What makes an object into a landmark is 

therefore a relative property; it depends on both the characteristics of the individual as on how much 

the object stands out from its surroundings (Gärling & Golledge, 1992; Klippel & Winter, 2005) In 

section 2.4 .2 about the process of learning we will see that landmarks play an important role in the 

development of spatial knowledge. 
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2.3.2 Envkonmental communica{jon 

Besides Jandmarks , which are generally a built structure, a distinctive part of a building or a 

natura] element, there are other ways people are helpeel in understanding and rnaving through an 

(large-sca le) environment. These tools are two types of graphical information; signs and cartographic 

maps (Arthur & Passini, 1992) 

Signs can have a variety of functions , but all types communieare environmental information. Most 

signs are directional, which means they teil the viewer what is where and how to get there. Typically 

these signs designate a place, an object or event in the farm of a name of symbol accompanied with 

an arrow. Figure 2.4 shows a directional sign at Schiphol Airport designed by Paul Mijksenaar; 

without it the airport would be a labyrinth. 

Flgure 2.4 Signs. Left Direcûonal sign at Schiphol Airport (mijksenaar.nl). 

Right: A reassurance signalong the highway in Australia (freewebs.com). 

A second type of signs is the identification sign; it s tates a description of location. They identify an 

object or a place, it is for example the number that classifies the tloor you are on or the letter · ï 

above an information desk. The third function for a sign can be to give reassurance, as some sart of 

checkpoint. So they are nat used in the wayfinding process. but in the post-decision phase (Passini. 

1984) . 

Cartographic maps represent a part of an environment. By making them, se lections are made 

regarding several aspects. First of all. it is important to decide for whom the map is primarily made, 

and for what purpose. Is the map intended for pedestrians or drivers. for sightseeing or everyday 

living. for s trangers or for those already familiar with a city? Secondly are of importance the 

perspective -usually vertical or 'bird-eye'- and scale. Scale is important because it determines the 

trade-off between the amount of detail that is shown. and how much of an area can be included in 
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2.3.3 

the map. Furthermore. decisions about usage of symbols and colours need to be made. Bath the 

choice of scale and symbols have a great deal to do with whom the map is for and what they need to 

know. Cartographic maps can have many different appearances and include for example true-to

scale architectural drawings. schematic maps of the underground, fantasy drawings of a theme park 

or an axonametrie view of the city centre. Same maps are used in a specific profession -e.g. by 

geographers, urban planners. or municipal officials-. others are distributed among visitors to a 

location. Maps may be consulted on the internet, they can be printed, and some are mounted on a 

pole or wal! as a 'you-are-here' sign (Downs & Stea. 1977; Passini, 1984; Porathe, 2008). 

Bath signs and maps can help individuals during their cognitive mapping and navigation 

processes. When designed well and especially when used by the auctienee that it was designed for. 

they help us in understanding and rnaving through our surroundings. 

The jndjvMua! 

Not everybody neects the same amount of information to find their way from A to B. In section 

2.1.2 about perception and cognition it is already mentioned that people selectively piek up stimuli 

from the environment, and may also store this information in different ways. Depending on for 

example experience, how eager you are to learn. the time available. choice of transportation mode or 

because some people need more information than others. a wayfinding situation is different for 

eve1y person. Characteristics of individuals can be divided into three groups (Arthur & Passini, 1992; 

Liben, 1981): 

Physical: age (e.g. eye-level and speed of motion) accounts for many differences in perceiving 

and acting in an environment. In addition, physical and sensory handicaps can have a great 

impact. 

Psychological: emotions. feelings and mood determine the relation between the individual 

and the environment at a certain moment. The familiarity with a location and also the self

perceived spatial abilities a person has are supposed to affect performance on space-related 

tasks. 

Biosocial and cultural: gender and other genetic factors such as intelligence play a role as 

well. The family. house and neighbourhood you grew up in. and more in general the cultural 

settingor values. determine in part the way you interact with your surroundings. 
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2.4 Learning a new environment 

When unknown to a setting, or when it is the first time a journey is taken, you are confronted 

with a spatial problem that needs to be solved; how to get from A to B, and via which route? To solve 

the problem, three types of information -related to the three wayfinding abilities mentioned in 2.2. I

are needed (Arthur & Passini. 1992): 

!nformation to make a decision: questions like 'Where am !?', 'What do my direct 

surroundings look like7' and 'Where is my destination7' need to be answered. 

lnformation to execute the decision: information -such as landmarks, maps or signs- which 

leads to the destination. 

lnformation to conclude the action: information indicating that you have reached your 

destination. 

In the following section. it is explained that there are different strategies that can be foliowed by a 

navigator. as wel! as by the researcher looking at this behaviour. Next, the process of learning and its 

different stages are put out. 

2. 4.1 How we /earn 

For a person moving through an environment, there are two different navigational strategies, 

called pdmary and secondary Jeamjng Primary learning involves direct experience with the 

environment. You actually move along a route and by doing that knowledge of that route is acquired. 

Landmarks like salient buildings can serve as a basis for both route choice and route learning. 

Secondary learning on the other hand is studying a cartographic map or another representation of 

the environment, in order to learn and plan the route. 

This division in types of Jearning is also one of the ways researchers can analyze how an 

individual learns a new or unfamiliar environment. They look at the resources that are used, being 

either direct observation (primary learning) or studying maps and other sourees (secondary learning). 

Often it will be the case that both strategies are used by an individual. either simultaneously or at 

different moments in time, as also shown in figure 2.5 (Bell, 200 1; Golledge, 1999; Lloyd, 1993; 

McDonald & Pellegrino, 1993; Thorndyke & Hayes-Roth , 1982). 

Another strategy used by researchers is investigating the amount of spatial knowledge a person 

has stored in his cognitive map, and how this may change over time. There are several authors who 
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2.4.2 

describe distinguishable stages in spatial knowledge, although there are some smal! differences in 

terminology and the exact separation of stages. 

selected 
classification, 
simplification, 
symbolization 

cartographic 

m•p ~ 

Flgure 2.5 Theencoding or inrormation a bout the environment rrom primary and secondary sourees (arter Lloyd. 1993. p.l 46). 

The process of learnjng 

When a person experiences an environment more and more -e.g. because he gets older, or lives 

Jonger at a certain place- his spatial knowledge impraves bath quantitatively and qualitatively. The 

quality is mainly improved because of changes in its type of organisation. With experience three 

consecutive stages of spatial knowledge can be identified: the level of Jandmark, route and survey 

knowledge. This progression and the characteristics of spatial knowledge are clearly illustrated by 

Stern and Leiser ( 1988) as can be seen in figure 2.6. 

Landmark knowledge is the most basic farm of spatial knowledge. One can recognise familiar 

surroundings or objects -a landmark-, without per se having knowledge of that landmark 's position 

relative to other locations; with only landmark knowledge you can nat complete a trip to a new 

location. Sametimes the knowledge at this stage is also called declarative knowledge. 

Route knowledge (or procedural knowledge) includes the order of the landmarks from one place 

to another, as well as direction information. lt Jacks however definite knowledge of the relative 

positions of locations. At this stage the cognitive map appears to consist of a (large) collection of 

routes. The routes may be purely enactive, where the travelling individual recognises where to go at 

an intersection but is unable to describe the entire route from memory, or the route knowledge is 

reeallabie from memory and available for say route description. For young children this type of 

spatial knowledge is very characteristic. Usually children do nat draw their neighbourhood from a 
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global or bird's eye perspective, but as through imagining they are walking in it (see also figure 2.7). 

When drawing they aften turn their paper so it corresponds with the cognitive map in their head. 
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routes 

integrated 
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Flgure 2.6 Progression and characterlsûcs of spaûal knowledge (Stern & Leiser. 1988. p.142). 

Survey knowledge (or configurational knowledge) is the most advanced type of spatial knowledge. 

lt means the individual has acquired a proper spatial understanding and in his cognitive map 

in formation a bout the relative locations of objects in the environment is stored. Instead of thinking 

about routes as ordered sequences of direction choices, he now sees them as links between locations. 

When possessing survey knowledge it is possible to plan routes between places which have nat been 

visited befare (Asselen et al., 2006; Appleyard, 1970; Bovy & Stern, 1990; Chown et al , 1995; 

Downs & Stea. 1977; Freundschuh, 1992; Golledge & Gärling, 2002; Golledge & Stimson, 1987; 

McDonald & Pellegrino, 1993; Siegel & White, 1975; Stern & Leiser, 1988). 
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Flgure 2.7 Most children possess only landmark and route knowledge (Downs & Stea. 1977. p.14). 

In figure 2.8, a model of spatial knowledge is shown as made by Freundschuh in 1992. This 

model adds the aspect of time to the progression of spatial knowledge. It shows that the amount of 

spatial knowledge an individual possesses is not a static representation, but instead a dynamic 

representation that refines or decays over time. 

landrnarks (geographic facts) 

- -
route ______. survey 

knowledge time knowledge 
+----

spatial knowledge 

Flgure 2.8 Model of spatial knowledge with the factor 'time' added (after Freundschuh. 1992. p 291). 

What we have seen is that when someone has more experience with a certain environment -either 

directly or via other sources- the amount of spatial information in his brain grows. This information 

is stored in the cognitive map this person has, which can be in the form of landmark, route, and 

survey knowledge. When however the environment is not experienced again or on a regular basis, it 

is very wel! possible that the amount of spatial knowledge will become less over time. 
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2.5 Navigation aids 

When planning for a trip. or while navigating through a new or unfamiliar environment. many 

people wiJl use some type of navigation aid to guide them and help reaching their destination. In 

section 2.3.2 some aspects of directional s-igns and cartographic maps have been described: in the 

following sections a closer look wil! be taken at the different types of maps and other navigation aids. 

and the ways information can be displayed and transferred to the individual. In section 2.5.3 

drawbacks that electronic navigation devices may give when using them are put out. 

2.5.1 Type 

In his paper called 'Measuring effective map design for route guidance' Porathe (2008) describes 

a Iabaratory experiment where people navigate in a grid while using different displays of electronic 

maps. In genera!. he distinguishes between two types of maps; the exocentric and egocentdc view 

(see figure 2.9). 

exocentrlc view 

1 
I 

/

mental 
rotation 

egocentric view 

Flgure 2.9 A typical exocentric wayfinding device is a paper map, while the egocentric view can be compared with direcUons 

sameene gives to you (after Porathe. 2008). 
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2.52 

The egocentric view is movement based and is a natura! view for humans because it is the way we 

experience and navigate through our surroundings. It is like when someone for example gives you 

directions on how to reach a specific destination. Another example is the 3D mode which is available 

on many electronic navigation devices. The information you get from or about the environment is 

only valid fora certain route and in a certain direction (think about the child in figure 2.7). 

The exocentric view on the other hand is a synthetic view, which does not come naturally to us 

and has to be learned. This view can be seen as a bird-eyes perspective, which makes it possible to 

integrate routes. However. to be able to act on it we have to transfarm the exocentric view with 

several mental rotat/ons to egocentric . 

Cartographic maps present the world in an exocentric view. where the navigator has to imagine 

himself havering in the air. Most modern maps are oriented on the North. So when having a map in 

front of you with the north on the top. it can be said that this map is in a north-up position. However, 

when using a map to navigate, a large majority of people finds it more easy to use when the top 

direction of the map is the facing (heading) direction; the head-up or forward-up position. This is 

why the 'navigator' in the passenger seat of a car or any other person who tries to find his way 

frequently turns the road map when a turn is made (Montello. 2005; Porathe, 2008). 

Methad of djsplay 

The most traditional of present-day navigation aids, besides of course verbal instructions. is a 

cartographic map in the form of printed matter Think for example about hand held maps such as a 

Falkplan, a taurist map or even a print from the internet. As said before, these are usually north-up. 

Typically all or at least a large part of the route and environment is visible at one time, but there is 

no indication of your position. 

Since the development of the computer and more recent the introductions of smartphones and 

electronic devices especially developed for assistance with GPS navigation. other ways of displaying 

maps have been made possible. Like the paper map they can be north-up. but more typically they are 

head-up or in a 3D (egocentric) mode where the image rotates and/ or changes to match your 

position and orientation while moving forward. Usually only a small part of the route and 

environment is visible at the same time, partly due to display size. Since the device knows where you 

are on the map. most often this location is indicated. Quite often there is also the possibility to show 

extra information on the map. such as store or gas station locations and traffic information. 
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2.53 

In his experiment Porathe tested the effectiveness of three different electronic map displays -

north-up. head-up and a 30 mode- and a traditional hand held map. The results show that people 

are much faster and make fewer mistakes when using the 30 map. Also. they ranked the 30 map as 

being the most user-friendly (Porathe. 2008). 

DJ!ficu!äes wHh automaüon 

Porathe's (2008) results might indicate that it is best to use a type of 30 map while navigating 

through the environment. Th is could be true when just looking at a one-time experience where origin 

and destination are clear. and when you can use the 30 map again to find your way back. However. 

aften we will be coming back to a specific location at a later time. for example to shop there. to visit 

a friend or to go to your dentist appointment. And when coming back. it would be nice if we 

remembered how to get there. A user-friendly 30 map might have brought us to the location the first 

time. but has this mode taken the work-load away in such a way that we won't remember the route 

when we come fora second visit? Research shows that this might indeed be true. 

Automation takes place in almast all work areas and in our daily Jives. and the introduetion of 

electronic navigation devices is one of many developments we see happening. In their study, Endsley 

and Kiris (1995) discuss the 'out of the loop' performance problem: a Joss of manual skilis and a loss 

of situation awareness with increased automation. Parush, Ahuvia and Erev (2007) investigated the 

degradation in spatial knowledge acquisition when using electronic navigation devices. They say that 

GPS-based systems can (Parush et al.. 2007): 

Replace human perception: 

Replace human cognition: 

Eliminare the need for making wayfinding decisions. 

This means that the individualloases the skill to do all that when required. lt may also mean that 

there is a negative impact on the acquisition of spatial knowledge (Aislan et al., 2006: Burnett & Lee, 

2005: Parush et al., 2007) Parush et al. (2007) found that keeping the user ïn the Joop' -by position 

indication on request and orientation quizzes- can have a positive impact on spatial knowledge 

acquisition. The active engagement in the wayfinding tasks resulted in better spatial knowledge. 

Burnett and Lee (2005) found strong evidence that the use of a vehicle navigation system (turn

by-turn guidance) as opposed to usage of a paper map will impact negatively on the formation of 

drivers' (in a driving simulator) cognitive maps. This is because drivers using the paper map are 

paying more active attention to the environment, and also because they could study the map for as 
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long as they wished prior to their drive, which aided in the development of survey knowledge. In 

figure 2.10 the hypothesised relationship between navigation task demands and cognitive map 

development as published by Burnett and Lee (2005) is shown. 

spatial knowledge 
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! 
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taks demands 
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traditional 

guidance 

lowL-------------------. 
exposure to environment 

Flgure 2.10 Hypothesised relationships between navlgation task demands and cogniûve map developmenl (after Burnett & Lee. 

2005) 

The figure illustrates that with traditional methods (e.g. a map; exocentric view) the task demands 

are high at first, but that as exposure to the environment continues and spatial knowledge grows the 

demands drop strikingly. At the 'point of independence' there is no longer the need for external 

information. With guidance (e.g. turn by turn information or 30 mode; egocentric view) on the other 

hand the initia! task demands are lower but -as s patial knowledge does not develop and with a 

constant need for external information- this will probably not reach the low levels like when using 

more active forms of navigation (Burtnett & Lee, 2005). 
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2.6 Measuring spatial knowledge: reading the cognitive map 

We have seen that a person gains spatial knowledge by perception and cognition, and that as a 

result he forms a more or less elaborate cognitive map in his brain. However. to be able to measure 

spatial knowledge and perform analysis. it is necessary to 'extract' this cognitive knowledge from the 

person's mind. Th ere are several different research methods to do so (Bell et al., 2001; Golledge & 

Stimson, 1987; Kitchin, 2000): 

Sketch maps: drawing sketches or sketch maps representing the environment, either on a 

base map or without any hints; 

Models: arranging toys or making models to represent the environment; 

Mapping reactions: verbal or written comments regarding the environment of which 

potentially a map can be constructed; 

Recognition tasks: identifying photographs or models; 

Distance and direction estimates: judging proximity and location of items in the environment. 

In the following sections the for this study most relevant ways to extract and measure spatial 

knowledge are described. 

26.1 Sketch maps 

Sketch mapping has been proved to be a useful instrument for revealing cognitive maps. It is 

however important as wel! as difficult to interpret the maps correctly. Furthermore, the technique 

presumes that the person drawing understands the abstract concept of the map and that he can 

sketch it to some scale where information is plotted in some uniform way (Golledge & Stimson, 

1987). 

Kevin Lynch (1960) was one of the first to use the technique of sketch mapping to reveal 

cognitive maps. In actdition to in-depth verbal interviews he let inhabitants of Boston, Jersey City and 

Los Angeles draw maps of their city. Hethen combined the information from all participants for both 

the interviews and sketch maps. This resulted in a 'public ' or 'group' image; which is the overlap of 

the many individual cognitive maps. 

The maps in figure 2.11 are made with five elements used by Lynch, and still used in analysis 

today; paths, edges, districts, nodes, and landmarks. As can beseen there are quite some differences 

between these two maps, which is the result of the way information was gathered from the 

participants (Lynch, 1960). 
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Flgure 2.11 The Boston image (Lynch. 1960. p.l46). Top: derived from verbal interviews. Bottom: derived from sketch maps. 

In many studies measuring spatial knowledge acquisition, drawing sketch maps is one of the tasks 

participants have to perform after having experienced some environment (Appleyard, 1970; Asselen 

et al. . 2006; Burnett & Lee, 2005; Devlin, 1976; Galeet al.. 1990; Ishakawa et al., 2008; Lynch, 1960; 

Oerlemans, 2009). Usually complex scoring methods are needed to eva1uate the maps. Therefore 

there are occasionally some clues given -such as a rough shape of the experiment area, a prominent 

landmark or the start/end of a route- to make analysis and comparison of the maps more feasible 

(Bell, 2001, Oerlemans, 2009). 
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Appleyard (1970) gives some examples of different types of maps people can draw. Complexity of 

maps can be indicated by the kind of elements present in the maps: primarily sequentia! elements 

(roads; route oriented) or spatial elements (individual buildings, landmarks and districts; survey 

oriented). The most developed maps will have combinations of both elements. 

Burnett and Lee (2005) used in addition to this complexity classification the following 

characteristics of sketch maps for analysis; which can be seen as landmark, route, and survey 

knowledge: 

Absolute number of landmarks drawn in the map; 

Absolute number of path segments; 

The correctness of the placement of the landmarks, either in relation to other landmarks or 

to a path segment. 

2. 6.2 Direction and distance estimations 

In several studies participants are asked to give estimations of the length of (parts of) a route, or 

of directions to certain locations. Usually. for length, either the shortest possible path over roads 

and/ or Euclidian distance (as the crow tlies) are estimated. When estimating directions individuals 

are usually requested to point at indicated landmarks, standing at a particular location, e.g. a 

landmarkor the start/end position of a route. 

Estimating directions is really about orientation; does the person know where he is in relation to 

his s urroundings? This also requires a farm of survey knowledge or at least some integration of 

information; in his brain, the participant has to locate himself as well as the goal in the environment, 

conneet them in the correct way, and than externalize this information in the way that is asked. 

Angles can for example be recorded with a compass or some derivative of it such as a circle on a 

paper with degrees marked on it (e.g. Hegarty et al., 2002; lshakawa et al., 2008; Thorndyke & 

Hayes-Roth, 1982; Willis et al., 2009). 

2.6.3 Recognition tasks 

After having experienced an environment, people will be a bie to recognise certain features of this 

location shown to them on for example films or photographs. The number of items recognised, and 

of course the correctness of this memory, tells about the amount of spatial knowledge that is 

acquired. 
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The most basic form of recognition tasks is to recognise landmarks. A participant is shown several 

photographs -usually some not betonging to the experienced environment are thrown in-. and he 

has to indicate whether he recognises the location on it (Aslan et al.. 2006; Asselen et al.. 2006; 

Burnett & Lee. 2005; Gale et al.. 1990) Another type of tas k is the placement of photographs of 

landmarks in the correct order. as how the participant saw them along his route (Asselen et al.. 2006; 

Burnett & Lee. 2005) . A third possible recognition taskis about placing photographs of landmarks at 

their correct position in relation to each other. This can be done on either an empty area or with a 

simple map as guidance (Aslan et al.. 2006). 

Landmark recognition tasks can be seen as testing landmark knowledge. landmark ordering tasks 

measure route knowledge. and placing landmarks on a map involves survey knowledge as well. 

2. 6. 4 Self report measures 

In many fields of research different types of self report measures have been developed measuring 

moods. thoughts. attitudes and behaviour. For the present study. one self test is especially relevant -

the Santa Barbara Sense of Direction scale (SBSoD)- which measures the self-perceived spatial ability 

of a person. as developed by Hegarty et al. (2002) (Ishikawa et al.. 2008). 

The scale consists of 15 questions. which have to be answered on a 7 point Likert scale. 

Participants respond by indicating a number from 1 (strongly agree) to 7 (strongly disagree). 

Questions include for example: 'I am very good at giving directions·. 'I very easily get lost in a new 

city' and 'I enjoy reading maps'. 

Besides a high test-retest reliability. Hegarty et al. (2002) showed correlation of the test with 

direction and distance estimation. as well as sketch map drawing. They state that the SBSoD 

questionnaire is that predictive of environmental spatia l abilities -as opposed to tests in other fields 

where people often greatly overestimate their abilities- because of actual self knowledge; people 

exercise environmental cognitive abilities on a daily basis and they can easily think of s ituations 

where these abilities have come into play. 
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2. 7 Condusion 

In this literature review several aspects related to the research area of the present study have 

been described. The conceptual model from figure 1.1 can be extended to the model in figure 2.12, 

where the key concepts are illustrated with the newly introduced terms. 
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- Perception 
- Cognition 
- Cognitive mapping 

4 

NAVIGATION AIDS 
Devices 

-Type 
Exocentric view 
Egocentric view 

- Methad of display 
Electronic device 
Printed matter 

INDIVIDUAL 
t-----~ Participant 

- Characteristics 
Physical 
Psychological 
Biosocial and cult ural 

- Familiarity 
- Stared spatial knowledge 

Landmark knowledge 
Route knowledge 
Survey knowledge 

SPATlAL BEHAVIOUR 
1-----~ Wayfinding/ navigating 

- Spatial orientation 
- Route planning 
- Route execution 

Flgure 2.12 Conceptual model illustrating the relations between all important terms discussed in this chapter. 

We have seen that information about the environment we experience is decoded via mental 

processes and stared in the brain of individuals. The lay-out of an environment has an influence on 

the type and amount of information that is stored, but maybe even more important are the mental 

processes involved. These processes of perception, cognition and cognitive mapping are different for 

each person due to personal characteristics. the familiarity with the environment and the already 

stared spatial knowledge. Navigational aids that people use can help them with wayfinding and 

navigation. but can also have an effect on the mental processes in their bra in. As a result of that. the 

perception of the environment and the amount of stared spatial knowledge in the brain of the 

individual may change. 

To be able to answer the research question; What is the difference in spatlal knowledge 

acquisition between using a paper map and an electronic navigation device while navigaüng through 

an unfamiliar environment? arrows 4 and 2 of the model concerning the effect of navigation a ids 

and spatial knowledge acquisition. are most important. 
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Now we can have a look at the partial research questions stated insection 1.2 to see whether it is 

possible to answer those; 

1. How do people find their way? 

2 How do people perceive their environment? 

3. What is spatlal knowledge? 

4. How do people store spatlal knowledge? 

5 How can spaUal knowledge be measured? 

6. Wh at are the characteristics of d1fferent types of navigation aids? 

7 How can the influence of navigation aids on spatlal knowledge acquisition be measured? 

8. What is the effect of ha ving more ar less landmarksin an environment on spatlal 

knowledge acquisition? 

On these questions, answers can be found in the described literature. Finding your way deals with 

knowing where you are, planning where you want to go, and carrying out these plans. While doing 

sa, people perceive the environment through their senses, and knowledge concerning the spatial 

surroundings is stared in a cognitive map in their brain. This cognitive map may be more ar less 

elaborate due to experience with the location, characteristics of the person, or characteristics of the 

environment. Landmarks play an important role in the process of knowledge acquisition, and 

landmark knowledge is the first stage of spatial knowledge. lt can therefore be hypothesised that 

having more Jandmarks in an environment wiJl increase your spatial knowledge. The acquired spatial 

knowledge can be measured by externalising the cognitive map through for example making sketch 

maps, pointing at directions or recognition tasks. 

The most important distinctions that can be made between navigation aids concern type; 

exocentric ar egocentric, and methad of display; electronic ar printed . The influence of navigation 

aids on spatial knowledge acquisition can be measured in an experiment by camparing the amount 

of spatial knowledge people have acquired of an environment, after using different kinds of 

navigation aids. 

Ta be able to answer the general research question we however need to know what the influence 

is of using either a paper map or an electronic navigation device on spatial knowledge acquisition. 

This, and also the effect of having more ar less landmarks in an environment wiJl be investigated 

with an experiment, as described in the following chapter. 
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3 EXPERIMENT 
approach & implementation 

As seen in the previous chapter. over the last decades quite a lot of research has been done 

invalving cognitive mapping. the process of learning an environment. and the use of different types 

of navigation aids. The precise subject focus and the design of these studies however make it 

necessary to do further research in order to answer the research question of this study. 

There are however a number of studies where the present study highly relates to. Several of the 

measurement methods used by them are adopted. and used in a similar way. For example. 

Thorndyke and Hayes-Roth (1982). Galeet al. (1990). and Willis et al. (2009) all compared different 

ways of learning an environment. Their main focus though was on Jeaming this environment. 

Participants experienced a certain environment a number of times. or studied it from a map (or other 

representation) without the actual experience. Aslan et al. (2006) and Ishakawa et al. (2008) bath 

used some interesting techniques. Asselen et al. (2006) studied whether and to which extent spatial 

knowledge of a route is acquired automatically and Burnett and Lee (2005) used car drivers in a 

virtual environment. 

For the present study it is necessary for all participants to have the same experience, measure 

spatial knowledge acquisition. and campare for the different aids people use while doing so. 

To be able to answer the research question an experiment is performed. In the following sections 

the study area. experiment design and participants are discussed. Then. in section 3.4 the procedure 

is set out. foliowed by a description of the used devices and programs. All tasks and measurements 

performed in the experiment are explained in section 3.6. 

3.1 Study area 

In environmental studies. researchers have tried to find ways to represent a real environment 

properly with -in the early days- usage of photographs and films. and later also virtual films and 

virtual environments produced on computers. In quite some cases it has been shown that 

experiences with these virtual representations are (to some extent) camparabie to experiences and 

reactions people give in the real world (e.g. Bellet al., 2001). The main reason why in experiments 

concerning for example wayfinding virtual environment are used is that these virtual environments 

enable researchers to have all participants experiencing the same environment. lt is also possible for 

the experimenter to alter the environment to fit specific needs. such as control weather conditions or 
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add specific types of buildings. Furthermore. for large studies. there are usually less costs and time 

involved since participants do not have to come to a (remote) location. and it is in certain cases 

possible to test more than one participant at one time. 

Even though the quality of virtual environments has increased very rapidly since the early days. 

there are still quite some downsides to using them. In the first place it can be very time consuming 

to produce a virtual environment and most commonly there are no smells. sounds and people 

around. When 'walking' through a virtual environment this is usually done by use of the keyboard or 

a joystick. with the visuals projected in a special room or on a screen. Even if those visuals are very 

lifelike, it is still sarnething quite different from a real walk in a real environment. 

The use of a real environment in an experiment has some downsides as well. The situation is not 

completely identical for all participants since it can not be controlled by the experimenter. Even if 

data collection takes place over a short period of time. the weather might for example have changed, 

people and cars have moved about, children might be playing in the street. or maybe music sounds 

from an open window. 

In this study. there is chosen to use a real environment. The lifelikeness of the experimental 

experience and external validity are the main reasans for this choice. It has been shown in studies 

that the actual experience of an environment as opposed to a (virtual) representation of it gives 

different results when measuring spatial knowledge (e.g. Thorndyke & Hayes-Roth, 1982; Willis et 

al., 2009). Another reason is that programming a good virtual environment as well as a navigation 

device to be used inside of it would be very complex. 

To improve validity, it is best to use more than one environment, and in analysis campare results 

to see whether possible relationships found are influenced by the study area. Of course those 

different environments should be as camparabie as possible. When choosing locations attention 

must be paid to the following: 

Similar residential/commercial ratio of buildings; 

Same appearance of the area's; 

Similar complexity and street pattem (and also legibility); 

Similar types of routes through the environment are possible; 

Good accessibility for participants and experimenters. 
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The route through the environment which the participant walks is furthermore chosen to be 

circular; it gives the participant the opportunity to develop a cognitive map which consists of an area 

rather than only a Jinear element. 

The only way the environments should be different. is in the amount of landmarks that can be 

found . This difference in landmarks is needed to be able to measure possible results in spatial 

knowledge acquisition from having more or less landmarks. 'Amount of Jandmarks' is however a 

variabie which is very hard to be measured and controlled since there are many different types of 

landmarks (see section 2.3.1 ). In the search for usabie areas there is primarily looked at how 

different the possible routes are in terms of the buildings along side of them. When all looks very 

similar. and one easily shuffles streets in his mind. an area can be said to be poor of landmarks. 

When buildings are very outspoken and unique it can be said that there are many landmarks. 

In the present study. two different locations will be used; one with more landmarks than the other. 

The type of environment suitable to make this distinction is a neighbourhood with primarily 

residential buildings. since many won't have a very distinctive character. Also. it is much more 

feasible - more than for example a city centre- to find residential areas that are unfamiliar to 

participants. which is required for the study. 

For convenience there is chosen to find two neighbourhoods in the city of Eindhoven. This way 

the University (TUle) is nearby. and its facilities can be used during data collection. Out of a series of 

options. the neighbourhoods 'Het Ven' and 'Barrier' are chosen; the first being high and the second 

being low in amount of landmarks. In figure 3.1 the locations of the two areas are indicated on a 

map of Eindhoven. 

In bath neighbourhoods a route has been set out, which can be found in figures 3.2 and 3.3. The 

routes are kept as camparabie as possible, which means that for bath routes the following applies: 

The route is circular; 

Start/end location is at the most Southern part of the route; 

A prominent landmark (church) is visible from start/end location; 

Mostly residential. some commercial and public buildings; 

The walking direction is clockwise; 

The length of the route is 1.6 kilometres; 

The re are 10 corne rs and thus 10 'route segments'; 

Most turns have a right angle; 

There are 3 Jeft and 7 right hand turns. 
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Flgure 3.1 The two neighbourhoods located in Eindhoven (map from tue nl) . 

Left 'Het Ven·. route A: Right: 'Barrier". route B (Gemeente Eindhoven. 2000). 

I 
0 

Flgure 3.2 Route A. Left Area! view. Right Street map with route (Both from www.maps.google.com). 

Flgure 3.3 Route B. Left Area! view. Right Street map with route (Both from www.maps.google.com). 

More information and photographs of both routescan be found in appendix 0: 'Study area'. 
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3.2 Experiment design 

To answer the research question two experiment groups are created; one of them is navigating 

through the environment with use of an electronic navigation device and the other is doing so with a 

paper map. These groups are chosen because they represent the most used present day navigation 

aids, the device being the newcomer. Besides simple map display and turn by turn guidance it 

usually has a whole range of other functionalities. It is however important that the two experiment 

groups are as comparable as possible, apart of course from the aspects that are being tested. 

Therefore, a close look should be taken at the exact aids that are used in the experiment (as done in 

section 3 5). 

For both groups it applies that the (identical) route the participants have to walk is shown. The 

amount visible at one time however differs per group due to characteristics of the used aids. The 

groups can be defined as follows (see also sections 2.5.1 and 2.5.2 for an explanation of 

characteristics): 

1. Paper map: 

2D narth-up map with route (all ofthe route and area is visible at one time) 

2 Electronic navigation device: 

2D head-up map (only a small part of the route and area is visible at one time) 

Note that half of the participantsof each group wil! be assigned toeach route (route A or route B). 

Basically, this study has a 'between subjects design'. This means that each participant is assigned 

to one experiment group, and that he only experiences this one condition. Answers and reactions 

from participants in one group are compared to those in the other group. However, some parts of 

the study (the Santa Barbara Sense of Direction test and tasks in part III and IV of the experiment; 

see section 3.4) have a 'within subjects design'. Here, the same participant performs the same task a 

number of times, in order to measure differences over time. 

3.3 Participants 

Students foliowing the second year course 'Urban Plans' (Stedenbouwkundige Plannen) at the 

University of Technologyin Eindhoven (TUle) have been approached and asked to participate in the 

study. In return they would receive 2 out of I 0 points for the exam of the course. At the moment of 

approach, and also during the entire duration of the experiment. the students are told as little as 
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possible about the subject and aim of the study in order to make sure that found results are not 

influenced by any foreknowledge. 

The goal is to get 60 participants in total. This would mean that each group (per neighbourhood 

per experiment group) consists of 15 participants. That way the groups are large enough to perfarm 

data analysis, and still are of a manageable size for the experimenters. 

The choice to use students as participants is partly made for practical reasons, since they are 

easily approachable and probably eager to participate because of the awarded course credit. Also, 

having only students as participants has many benefits, as they probably have some things in 

common such as age, 'spatial education' and interest forthebuil t environment. Differences will exist 

in for example their cognitive spatial structures and their experience with and use of different types 

of navigation aids. Since the aim of the study is to investigate differences in spatial knowledge 

gaining between using a paper map and an electronic navigation device, and not necessarily to 

extrapolare findings to the general public, the use of only students as participants is not a disturbing 

fa ct. 

Participants are allocated to one of the two experiment areas by initially looking at their current 

residential address and making sure that this is not close to their assigned area , in order to reduce 

the probability that they already know the area. Secondly the allocation is done randomly, taking 

into account only the ratio of males/females for each area. Allocation to the two experiment groups 

is done randomly as wel!, again only taking gender into account. The preferred allocation of 

participantsis visualised in figure 3.4 . 

RESEARCH POPULATION (60) 

Environment A - Many landmarks (30) Environment B - Few landmarks (30) 

I Paper map (15) Electronlc device (15) I Paper map (15) I Electronic device ( 15) 

Flgure 3.4 The total research popuiatien is initially divided over the two neighbourhoods and secondly over the two experiment 

conditions. Between brackets the amount of individuals wanted in each group 

The course 'Urban Plans' is in Dutch, so all students responding wiJl be Dutch as well. To avoid 

them from holding back anything due to language barriers in their responses during the study, all 

communication with them and the tasks in the experiment are in Dutch. 
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3.4 Procedure 

The experiment as conducted is divided in four parts: an internet questionnaire , the walking of the 

route, a questionnaire at the TU/e with several tasks and the same questionnaire one week later at 

the same location. In the following sections those four parts are explained. 

3. 4.1 I Subscrjpüon & filling out an internet questionnaire 

Upon subscription participants receive an e-mail with a link to an internet survey, including an 

availability check. After filling in the survey, participants receive an e-mail with information about 

times and locations where they are expected for their share of the field experiment. 

In sections 3.6.1 and 3.6.2 this part of the experiment is explained more in detail. The sent e

mails and screenshots of the internet survey can be found in appendix A: 'Communication with 

participants' and appendix B: 'Internet survey'. 

3.4.2 ll Walking the route 

At the indicated time, the participant comes to the experiment location he is allocated to. All 

participants come individually, and are scheduled to arrive every 30 minutes. 

Upon arrival the participant is welcomed by the experimenter and instructed about the different 

stages of the experiment, without giving away hints about the purpose of the study. After this, a 

question about familiarity with the area is asked. Then, the participant is given a GPS-tracker and -

according to the condition he is assigned to- either a handheld navigation device or a printed map. 

To each participant the start direction of the route is indicated and he is told to just walk the route as 

indicated, and that further tasks will follow upon return. Furthermore he is told nat to engage in any 

other activities such as eating, makinga phone callor listening to music. 

After the participant completes the route, and after handing back the GPS-tracker and the 

navigation aid, he is again asked the question about familiarity with the location. Subsequently the 

participant makes direction estimations on a circular pointing device to three locations he passed 

while walking. 

Following the completion of this task the participant is told where to go for the next part of the 

experiment. This location is the Faculty of Architecture, Building and Planning at the TU/e campus, 

and when necessary route instructions are given on how to reach this location. The tasks and 

observations from this second part of the study are put out in sections 3.6.3 to 3.6.7. 
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3.4.3 lil Tasksabout the route 

3. 4.4 

At the TU/ e the second experimenter is awaiting the partic ipant. She hands over a package with a 

description of the tasks. several answer sheets. three envelopes with photographs and writing 

utensils. 

During this part of the experiment the participant completes several tasks related to the route he 

just walked. such as drawing a sketch map, writing route directions and ordering photographs (see 

appendix E: 'Questionnaire and answer sheets ' for the tata! questionnaire) . Several times the 

participant has to hand in one answer sheet befare getting the next one. This is necessary to ensure 

that some information stays unavailable until a later moment. The second experimenter coordinates 

this distribution. and she also makes sure that after compiering a separate task the time of that 

moment is indicated which makes it possible to see how long a participant has been engaged in the 

different tasks. The final task includes a questionnaire about the use of navigation aids in general 

and some questions about the location of some main buildings in the city centre of Eindhoven. All 

tasks are described in detail in sections 3.6 .8 to 3.6.15. 

After handing everything back to the experimenter the participants' appointment for one week 

later is confirmed. Befare being dismissed he is asked nat to talk with anybody a bout the contentsof 

the experiment, in order to make sure that other participants start the experiment without any 

foreknowledge. 

IV Tasksabout the route, admjnjstered one week later 

One week after walking the route and finishing the tasks at the university, the participant comes 

back to the TU/e to again complete a set of tasks. These tasks are identical to the ones in part lil, 

only the final questionnaire about navigation aids is excluded. The procedure is the same as the 

week before. 

This repetition of tasks at a late r moment is done in order to see how spatial knowledge decays 

over time (see section 2.4.2 about the process of learning) . and whether there is a difference in 

remembrance between map and device users. 
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3.5 Devices and programs 

For gathering information and data, and later for evaluating those, several devices and programs 

are used. The most important ones -the Internet survey system, GPS-tracker, electronic navigation 

device and the paper map- are described below. For the data entry and analysis the programs 

Microsoft Excel and SPSS are used. 

The first data of the study are gathered with an in-house developed Internet survey system. By 

means of this online program it is possible to set up a questionnaire. Bath 'open' and 'closed' -such 

as multiple choice- questions can be asked. The system records the answers given, as well as the lP 

address of the computer and time of completion. These data can then be downloaded by the 

experimenter and opened in SPSS, so analysis wiJl become possible. In figure 3.5 the first page of the 

questionnaire can be seen, in appendix B: 'Internet survey' the whole questionnaire can be found. 

welkom 

Beste deelnemer, 

Wolrom biJ <lele ll!ll!)e<*JSI ootounde bit l'oot onQof100k ' Golbr<ó~ van ICT en ~e '" de gei>OOW<Ie 

Olllgi!'""'' Je roeentoedoanelllonàeaoel< om zo lvan de 10 penen te'ltlfdlenon van 11elle1Umen DenoreCOeD<t lli!!Vilk 
Sl9del>ouwkUndige f'lame<1 (7W230) ~ tf!di<!ll)" nn • 'o~delon v telonoetzoek naar Delloten l1eD< 
~ZIJjedl>te""*"'O<MnQen 

Je komt bij de'" er*jst door te· W ken op de IJOigende hok Ga naar de 'I!BOgl'!jst 
Nadal JC al!:!~ het::l VUid te aa 1wt ernde rrlormatle over het vervolg van ~t Ql'lderzoek 

Voon•J aNti~ bonoli;. donk"""' je del!l'lo.-1 

W1enke WtcWns 
Setwtz S@f'IIIDI 

Flgure 3.5 Screenshot of the introduetion page of the internet survey. 

I 

During their walk all partielpants carry a GPS-tracker in order to follow their movements. The 

used model is 7 4 7 A+, which is available for use at the !Jrban Planning Group of the Faculty of 

Architecture, Building and Planning at the TIJ/e. The tracker records GPS data at an interval that can 

be chosen; for this study the interval-time is 1 second. After the participant has walked the route, 

data from the tracker are downloaded to a computer by means of a special programme delivered 

with the device. After downloading the data are saved bath as a Microsoft Excel-file and a KML-file, 

which can be viewed in Google Earth (!Jser Ma nu al 7 4 7 A). The tracker and a screenshot of the 

accompanying programme can be seen in figure 3.6. 
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Flgure 3.6 The GPS-tracker participants carried with them during the experiment 

Left GPS trip recorder. model 7 4 7 A+. Right the interface on the PC for reading the data from the tracker. 

The experiment group that is assigned to the electronic navigation device uses the Navigon 2510 

Explorer with a 3,5-inch display (8,9 cm diagonal). This device is chosen because of its features. The 

first important aspect is that it has a special pedestrian mode which is needed for the experiment. 

Furthermore it is essential to be able to store a specific route in the device. This can easily be done, 

in such a way that for all participants the given information about the route is exactly the same. All 

features except for street narnes and a north-indication are turned off during the experiment. The 

only instructions for the participant are visual; an orange line indicating the route to be followed, an 

arrow at the current location and a green line where he has been. The device is set in such a way 

that the arrow is always in the middle of the screen, pointing up (making it a head-up map, see 

section 3.2) and that at every instant only a small part of the route is visible. The experimenter 

programmes the device prior to the walk, so the participant doesn't have to do anything with the 

device, except for following the route as indicated. The participant is not able to zoom in or out. 

Ou ring the experiment the device is covered in a clear skin for protection, as seen in figure 3.7. 

The other experiment group uses a printed paper map, which can beseen in figure 3.8. The whole 

route is visible at all times, as well as a north-arrow and street names. The basis for the maps is 

copied from maps.google.com. which is done because this is a very well known and much used site 

by many people. This service can be used free of charge and it gives very accurate route information. 

lt is important to choose a type of map that is quite well -known, in order to make the experiment 

more lifelike. 
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Flgure 3.7 Navigon 25 10 Explorer. Left: The device in its proteelive skin. 

Right: The vertical walking modus as used in the experiment. with a part of the route visible. 

The maps from the internet are edited in such a way that all information (such as land-use and 

shop names) except for the street narnes is deleted. in order to make the electronic and the paper 

map as camparabie as possible regarding the visual info rmation they give. All participants in the 

paper map condition receive a new. wrinkle free. colour copy on an A4 sheet of paper. 

Flgure 3.8 The paper map, printed in colour on an A4 sheet of paper. Left: route A. Right route B. 
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3.6 The experiment in detail: the tasks used in this study 

In the following sections all the conducted tasks and gathered data are described. In table 3.1 all 

of these are summed up in chronologica I order of when the data are gathered. In the first column the 

type of information wanted is described. in the second the measurement methad and in the last 

column a number referring to the corresponding section below, and a letter referring to that part of 

the questionnaire as used in part III and IV of the study (for the total questionnaire as conducted, 

have a look at appendix E: 'Questionnaire and answer sheets'). 

As can be seen in table 3.1. a distinction is made between two types of tasks for part III and IV of 

the experiment. The first four are about recollection. which means how much the participant can 

reeall from his own memory and his formed cognitive map. without the presence of any items that 

might help him remember. The next three tasks can be classified as recognition tasks. For these 

tasks it wasn't necessary to reeall information, but only to recognise. or in other words to remember 

the item in presence of the item (Arthur & Passin i, 1992; Bel!. 200 1). For all three recognition tasks 

photographs of the environment are used, and the participant has to indicate whether he has seen 

the locations on the photographs before. place them in the right order, and locate them on a map. 

The recollection tasks are placed befare the recognition tasks in order to Jet the participant think for 

himself. befare providing him with material that could help him with that. Within each type of task 

the different parts are ordered in such a way as wel!, to keep information from the participant as 

long as possible. Sarnething to be kept in mind however is that even though the participant does not 

know the content of part IV before making it. he has performed all tasks befare in part 111. Therefore 

it is possible that he remembers certain aspects not from walking the route, but from writing it down 

in part 111. 

3. 6.1 Questionnake with general questions and availability-check 

Befare taking part in the actual experiment. some information is needed from the participants. 

The conducted internet survey includes questions about age and study. but also the current 

residential address and farmer addresses in Eindhoven. The latter is done because in that way it is 

possible to allocate the participant to an experiment area he is probably not very familiar with. 

Furthermore. questions about availability are asked. in order to be able to schedule the participant at 

a convenient moment. In appendix B: 'Internet survey' the total internet survey can be found. 
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Table 3.1 All tasks and data gat he ringmomentsof the st udy. 

lnformation wanted Measurement method 

1- Subscnptlon & filling out an mternet questionnarre 

Basic information such as demographics, Questionnaire wîth general questions and availability-check 

bike ownership, familiariry with 

Eindhoven, momentsof availability etc. 

Self-perceived sense of direction SBSoD self scale test (1/3) 2 

11 - Walkrng the route 

Familiarity with location Question a bout familiarity 3 

Orientation and survey knowledge Direction estimation with circular pointing device 4 

Ou ration of the trip GPS-tracker 5 

Number of stops en-route GPS-tracker 6 

Correctness of walked route GPS-tracker 7 

111- Tasksabout the route 

Land mark, route, and survey knowied ge Sketch map drawing- draw the route and striking 8 A 

features on an empty background 

Landmark and route knowledge Giving navigation directions 5 9 B 

Route knowledge Drawing the walked route on a map of the 
j 

10 c 
8 environment c§! 

Landmark and survey knowied ge Marking striking features on themapon which the 11 D 

correct route has been indicated 

Landmark knowledge Landmark and intersection recognition from 12 E 

photographs 
1: 
0 

Route knowied ge Ordering photographs of intersections in the right ·.-:: 13 F ·c: 
sequence Cl 

0 
u 
Gl 

Route and survey knowledge Placing photographs of intersections at the correct 
er: 

14 G 

location on the map 

Self-perceived sense of direction SBSoD self scale test (2/3) 2 H 

Background information of the Questionnaire a bout the experiment, general questions 15 H 

participant about use of navigation devices and about spatial 

knowledge of Eindhoven 

IV Tasksabout the route, adrmnrstered one week later 

The tasks from part 111 are performed again, with exception of only the final questionnaire. 
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3.6.2 

3.6.3 

3.6.4 

Santa Barbara Sense of Dkection se!! scale test (SBSoD) 

As already described insection 2.6.4, Hegarty and colleagues (2002) have developed a self report 

scale wh ic h indicates the amount of sense of direction a person perceives to have. They have proven 

it to be a useful instrument for preclicting environmental spatial abilities. 

During the present study, the Santa Barbara Sense of Direction test is filled out three times by 

each participant. The first time befare the experiment (during the internet survey), the second time 

after the participant has walked the route and completed tasks about it, and the third ti me after 

completing the tasks again one week later. The reason why participants fill out the test three times, 

is to be able to see whether there are any differences in their self perceived sense of direction, 

depending on what stage of the experiment they are in. lt is imaginable that justafter completing the 

tasks one mig ht think their sense of direction is better or worse than at the moment when they have 

not yet been engaged in spatial tasks. Furthermore can outcomes of the test be compared to 

performance on the other tasks, to see whether there is a relation between the two. 

Question about familiarity 

In order to interpret the gathered data correctly, it is important to know whether a participant has 

been at the experiment location before. Therefore a question is asked before and after walking the 

route. The question is as simple as 'have you been at this location before?' and if the answer is yes: 

when, how often and for what occasion. The same question is asked again after finishing the walk, 

since the participant might have recognised another part of the route. 

Direction est/mation with circular pointing device 

Directly after the participant walks the route, he perfarms a task indicating direc tions to locations 

he has just seen while walking the route, to measure orientation and route knowledge. He does this 

on a circular pointing device, which can beseen in figure 3.9. A similar device is used among others 

by Willis et al. (2009), Jshikawa et al. (2008) and Hegarty et al. (2002), as descri bed insection 2.6.2. 

The procedure of this task is that firstly the experimenter indicates where exactly the participant 

has to be standing and which way he should be facing. Then, a photograph of a certain junction or 

landmark is shown, and the participant has to indicate on the device in which direc tion that Jocation 

is, by placing a mark and the accompanying number, as were it a compass. Three different 

photographs are shown to the participant; the church (visible from the place he is s tanding for both 

environments), a street junction where he made a turn, and a playground for children which he 
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3.6.5 

3.6.6 

3.6.7 

passed while walking. In appendix F: 'Photographs for orientation and recognition tasks' the used 

photographs as well as the locations of them on the map can be found. 

2. 

-~~ ~---~~ 
Ik 

Houd dere &f~-- .. ~toe 

Flgure 3.9 The circular poinûng device. In reallife the device is approximately the size of an A5. printed on an A4 sheet of paper. 

CPS~tracker- Duraüon of the tdp 

In order to campare the amount of time participants take to finish their walk, the duration of their 

walk is recorded. The GPS~tracker the participant carries with him during the walk records the time 

and location every second. This means that bath location and time are very accurately measured. 

enabling to calculate how much time is needed to complete the route. As a backup, the experimenter 

records the time of startand arrival as well. 

CPS~tracker- Number of stops en~ route 

It is believed that when a participant stops while walking the route. this is done to reorient 

himself or to take a look at the map, since they are told not to engage in any other activity during the 

walk. The participant is carrying the GPS~tracker, which makes it is possible to see where he has 

made a (brief) stop. 

CPS~tracker - Correctness of walked route 

The GPS~tracker records the route, so it is possible to see whether the participant has walked the 

route correctly and has not made any wrong turns or shortcuts. This observation is therefore purely 

a check~up to see whether the participant does what he is supposed to be doing. 
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3.68 

3.6.9 

Sketch map drawing 

The first task from the booklet the participant is handed at the TUle is the first of four 

recollection tasks. The participant is asked to draw a sketch map of the route he just walked, 

including its surroundings. On the A4 answer sheet a few elements were already indicated in order 

to make the drawings better camparabie for analyses; a north arrow (with the north pointing up), the 

origin of the route (start and end point), the location of the church and a scale bar were drawn; see 

figure 3.1 0. 

Furthermore, some hints are give about possible items to draw or indicate on the map, such as 

street names, parks or green areas. street profiles. shops, schools and parking places. It is believed 

that a sketch map a person draws tells a bout the amount and type of spatial knowledge a person has 

at a certain moment (see section 2.6.1). In this study this means it shows the gathered amount of 

spatial knowledge, since the environment was new for all participants. 

- A 

·-
Flgure 3.10 Answer sheet (A4) for drawing the sketch map. North arrow. origin, church and scale bar are indicated. 

All three types of spatial knowledge; landmark, route and survey knowledge are tested with this 

task. The etaboration and correctness of the drawn landmarks, walked route and surroundings. and 

the type of map (route or survey, see section 2.6.1) give an indication of how much spatial 

knowledge is acquired. 

Giving navigation directions 

In this task, the participant is asked to give navigation directions, just like he is giving them to 

samebody who wants to know how to complete the route but is unfamiliar with the environment. 
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The given directions have to be written down. No hints are given as far as the format the text should 

be in. This is done in order to let the participant choose his own 'style' of giving directions. which 

means it is be possible to see whether the participant is more landmark oriented. or direction (route) 

oriented. 

3. 6.10 Drawing the walked route on a map 

After writing down the navigation directions. the participant has to draw the route as walked on 

an answer sheet with a map of the environment. The map used for this and following answer sheets 

is deliberately different from both the map shown on the electronic device and the paper map, so 

that this specific representation of the environment is new for both experimental groups. The answer 

sheet is only given to the participant after he finishes the previous task. so he would not be tempted 

to take a peek. The participant is asked to indicate his walked route, including the direction he was 

going. In this task, mainly route knowledge is tested , but in order to draw the route at the correct 

location some survey knowledge is needed as wel!. The answer sheet used for this task can be seen 

in figure 3.11. 

Figure 3.1 I Answer sheet (A4) with the street pattern. north arrow and scale bar. 

3. 6. 11 Marhng strihng features on a map 

This final recollection task is in its essence the same as the sketch map task as described in 3.6.8 . 

The big difference however is that this time the basic map and the correct route are already 

indicated on the answer sheet, as shown in figure 3.12. This means the participant has a guide for 
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placing Jandmarks and other features at the correct Jocation on the answer sheet; this might result in 

a different placement of items than in the initia] sketch map task. 

- !2 

Flgure 3.12 Answer sheet (A4) with basic map and route. 

3. 6.12 Landmark and intersecdon recognition from photographs 

This is the first of three recognition tasks. In the first of the three envelopes the participant 

receives with the questionnaire are 24 photographs. All photographs are numbered from 1 to 24, 

and are randomly stacked; which is done by the experimenter before each pa11icipant. This is done 

to makesure that the order of seeing the photographs has no influence on the pa11icipant's answers. 

On the photographs are locations the participant could have seen while walking the route (and two 

'fake' photographs of locations in the other experimental area). 

The photographs are printed on A4 sheets of thick paper, which are cut in half lengthwise. In 

figure 3.13 two examples are given and all used photographs and their location on the map can be 

found in appendix F: 'Photographs for orientation and recognition tasks'. For both the experimental 

locations the following types of photographs are included: 

10 Jandmarks (stores, buildings. playground etc.) 

5 street views (180° view straight ahead) 

4 corners (270° view at astreet corner where a turn was made during the walk) 

3 details from houses (fence, coloured front door, remarkable pathway. garden gnomes, etc.) 

2 'fake' photographs (one street view and one detail from a house taken from the other 

experiment area) 
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10 

Flgure 3.13 Example of photographs of Jocations the participant could have seen during h.is walk . 

Top: 'street view·. Bottom: 'detail from house·. 

Besides indicating whether to have seen the location on the photograph before. the participant 

also has to indicate his certainty about these choices (see Figure 3.14). 

1. Ik herken deze locatie 

erg onzeker 2 3 

Ow.l 

4 5 
Oniet 

ergzeker 

Flgure 3.14 For each photograph the participant indicates whether he recognises the location. as wellas his certainty about this. 

With this recognition task landmark knowledge is measured. The participant only has to indicate 

whether he recognises the photographs; there is no need to relate them to each other or to place 

them at a specific location. 

3. 6.13 Ordering photographs of jntersecäons 

To test the route knowledge a participant has acquired, he perfarms a second recognition task. In 

this task, he is required to place photographs of corners and street views in the correct order as how 

he has seen them while walking the route (see for the used photographs appendix F: 'Photographs 

for orientation and recognition tasks'). 
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In the second envelope the participant has received at the start of the questionnaire. there are 

nine photographs. They are printed in the same fashion as done for the landmark recognition task. 

and numbered from !to !X This is also the initia! order all photographs are placed in - done so by 

the experimenter befare using them again- and the participant places the photographs in the order 

he thinks is correct, and marks this order on the answer sheet (see figure 3.15). 

Volgorde: 
1. 2. 3. 4. 5. 6. 7. 8. 9. 

IV 

Flgure 3.15 The participant indicates the order he thinks the photographs should be in. 

For the actual ordering the participant may choose to hold all photographs in his hand , or to 

organise them on the table in front of him. The first correct placement is already given (number IV, 

see above). this is the start location of the route. 

3. 6.14 Plaäng photographs of jntersecüons at the correct locaUon on a map 

The same photographs from the ordering task are used again in this task which measures bath 

route and survey knowledge. However. this time they are labelled with the letters A to K. placed in 

envelope 3, and a photograph of the church is added. Again, the experimenter makes sure that the 

initia! order is from A to K, to make sure all participants receive the same package. The participant is 

required to indicate the correct location of the photograph on a map with the route drawn in (the 

sa me as used for the task described in 3.6.11, see figure 3 .12). After doing this he also indicates how 

sure heisabout this placement on the map (see figure 3.16). 

Ik ben zo zeker van de juistheid van de plaatsing op de kaart: 

A erg onzeker 1 2 3 4 5 erg zeker 

Flgure 3.16 After marking the locaûon of the photograph on the map. the certainty of this placement is circled. 

3. 6.15 Quesüonnake 

This final questionnaire consists of several types of questions, and is only conducted in part three 

of the study since it does not measure spatial knowledge and therefore does not need repetition. 

After finishing the SBSoD self scale test. the participant answers questions about his use of different 

navigation aids in several situations. These a re foliowed by questions about handiness, satisfaction, 
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benefits and disadvantages of using an electronic navigation device in genera!. The participant is also 

asked to indicate for what purpose he usually uses an electronic navigation device, and what type of 

aid he would use if he had the choice. 

The two final questions a re not part of the current study, but have a great deal to do with the 

subject area and are therefore included. In the first one the participant marks 15 types of landmarks 

on a map which contains the city centre of Eindhoven (see figure 3.17) . The categories -e.g. 

supermarket. church, hotel, and stadium- are given and numbered, and the participant has to 

indicate one instant of each category on the map, accompanied by the conesponding number. 

Finally, the participant (when living in Eindhoven) gives written route descriptions from his house to 

the university. This is quite similar to the task in sectien 3.6.9 and can be analysed the same way. 

In section H of appendix X: 'Questionnaire and answer sheets' a ll questions can be found. 

- - 11 

Ftgure 3.17 The answer sheet. printed on an A3 sheet. contains a map of the city cenu·e of Eindhoven on which the participant 

indicates severallandmarks. 
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3.7 Summary 

To be able to answer the research question an experiment is performed. Two neighbourhoods in 

the city of Eindhoven are used for the data collection. These Jocations are chosen because of their 

similar characteristics. with as only difference the amount of landmarks that is present. 

Participants of the study will be divided over two experiment groups. the first one using an 

electronic navigation device and the second a paper map. This means there wil! be two groups 

navigating through environment A. and two groups through environment B. Students from the 

course 'Urban Plans" are approached to participate in return for partial course credit. 

The experiment is divided into four parts. the first part being an internet questionnaire with 

general questions. an availability check and the first administration of the Santa Barbara Sense of 

Direction self scale test. The second part of the experiment is the actual walking of the route and 

directly afterwards a direction pointing taskwhere the participant indicated directions towards three 

locations seen en route. 

The third and fourth parts are identical questionnaires which contain several tasks measuring 

spatial knowledge. The difference between the two is that the third part takes place immediately 

after walking the route. and that the fourth part is administered one week later. done so to measure 

possible decay of spatial knowledge. Furthermore. part three contains some extra questions about 

the use of different navigation aids and a task concerning knowledge about Eindhoven. Both 

questionnaires are conducted at the university. The entire questionnaire consistsof seven tasks. the 

first four being recollection and the last three being recognition tasks. foliowed by the completion of 

the SBSoD self scale test; 

Sketch map drawing; 

Giving navigation directions; 

Drawing the walked route on a map; 

Marking striking features on a map containing the correct route; 

Landmark and intersection recognition from photographs; 

Ordering photographs of intersections in the right sequence; 

Placing photographs of intersections at the correct location on a map; 

Filling in the SBSoD self scale test. 
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4 RESULTS 

In this chapter results of the conducted analyses are reported. Since the amount of collected data 

is so large. a selection of it is analysed based on the framework and research questions asked in this 

thesis. There is chosen to analyse the first. second and third part of the stucly. The fourth part -the 

questionnaire the participants answered one week after their walk- is thus excluded. Therefore. at 

this moment no answers can be given to questions concerning the decay of spatial knowledge over 

time. 

Secondly. a further selection is made with the choice to omit some tasks from analysis. The data 

that are analysed include the two administrations of the SBSoD self scale test (the first during the 

internet survey and the second in part III of the experiment). the direction estimation task in the 

field. the route drawing task, and all recognition tasks; landmark recognition, the ordering of 

intersections. and the placing of intersections on the map. The collected data are gathered in a SPSS 

file. A codebook with all variables can be found in appendix H: 'Codebook'. 

In section 4.1. general characteristics of the participants as well as conditions during the data 

collection are descri bed. After that. results are given per task or data collection moment. divided over 

sections in the same fashion as done in chapter 3. In section 4.3 relations between the different 

analysed tasks and the SBSoD self scale test are explored, foliowed by a conclusion. 

4.1 Participants 

All data collection took place between November 2010 and January 2011. During this period the 

weather conditions were rather constant. but given the time of year temperatures were quite low; 

around or just above freezing. Participants that were initially scheduled for days with rain or 

snowfall have been rescheduled to other days. This did mean though that for some participants (six 

in total) there was some snow lying on the ground from snowfall the days before. The sidewalks 

where had to be walked on however were free of snow, so no dangerous situations have emerged. 

During the walk of one participant there was a little drizzle. 

The desired number of participants. sixty. has been met. The approached students were in fact 

very eager to participate and reacted immediately on the invitation to do so. All of the participants 

have completed all parts of the study. Coincidentally there reacted exactly 20 female students. so the 

diagram from figure 3.4 now can be updated to figure 4.1. As said before, the participants are 
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divided over the experiment groups randomly, only taking into consideration possible familiarity 

with the environment (based on home address) and gender. 

RESEARCH POPULATION (60) 

Environment A- Many landmarks (30) Environment B- Few landmarks (30) 

Experiment group 1 Experiment group 2 
Paper map ( 15) Electronic device (15) 

Experiment group 3 Experiment group 4 
Paper map (15) Electronic device (15) 

I Male (10) I I Male (10) I I Male (10) I I Male (10) I 
I Female (5) I I Female (5) I I Female (5) I I Female (5) I 

Flgure 4.1 The total research populaûon is iniûally divided over the two neighbourhoods and secondly over the t:wo experiment 

condiûons. Between brackets the amount of individuals in each group. 

The mean age of participants is 21.1 years (SD = 4.0); this distribution of age is shown in figure 

4.2. Fortheseparate experiment groups this mean is comparable. A table with this information can 

be found in appendix 1: 'Analysis' (table 1). Given the smal! scatter of age. it wil! not be interesting to 

investigate differences in answers regarding age. 

> u 
1:: 
Cll 

5-1 
Cll ..... 
u.. 

Flgure 4.2 Distribution of age of the tata I group of parûcipants 

All part icipants study Architecture, Building and Planning, except for one; this participant studies 

Innovation Sciences (also at the TUle). Over 50 percent of participants started their study in 2009. 

al most 40 percent started in 2007 or 2008, and the other 10 percent started in 2004 or 2005. 
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Three quarters of the participants lived in Eindhoven at the moment of data collection. and this 

distribution is about the same per experiment group (see appendix I. table 2) . About one quarter of 

participants lived at a nother address in Eind hoven befare their current address. 

4.2 Results per observation-moment 

In the following sections results of the conducted analyses can be found. ordered per task or data 

collection moment. In each section some explanation is given considering the methods of analysis. 

and after that the results of different tests are described. 

For most tasks. the used tests are Paired or Independent Samples t-tests (for testing the equality 

of means of groups). and correlation analysis. Even though the two experiment locations are kept as 

camparabie as possible. differences do exists in for example the exact shape of the route and the 

used photographs for recognition tasks. Therefore. most relevant is to campare the paper map and 

electronic device groups per location insteadof the total groups for both locations combined. 

In genera!. it is expected that participants using the electronic device perfarm worse on all tasks 

than the paper map users. This hypothes is is based on the findings of Parush et al. (2007) and 

Burnett and Lee (2005) as explained in section 2.5.3. 

4.2.1 Quesüonnake wjth general quesüons and avaj/aNIHy-check 

4.2.2 

The information gathered with the internet survey is mostly described in section 4. 1. The results 

of the first administration of the SBSoD self scale test can be found in section 4.2.2. 

Most participants were quite flexible regarding their availability and indicated many moments 

they were available; the puzzle of makinga schedule was therefore not too difficult. 

Sant a Barbara Sen se of Dkecüon self se ale test (SBSoD) 

The results from the first and second administration of the Santa Barbara Sense of Direction self 

scale test are included here. The internal reliability (Cronbach's a) of the test and differences 

between administering moments are analysed. 

Some of the questions of the scale are stated positively (1. 3. 4. 5. 7. 9. and 14) . the others 

negatively (see append ix C: 'SBSoD') . Therefore. befare performing any tests. the answers of 

positively stated questions are reversed so that a higher score ind icates a better sense of direction. 

ranging from 1 to 7. The mean score per participant over the 15 items is used for the analyses. 
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4.2.3 

Hegarty et al. (2002) found an internal reliability of a= .88 for the test. This is a good score, 

indicating that all items of the test measure 'the same thing'. In the present study, internal reliability 

of the test is calculated as wel!. The Cronbach's a and mean scores on the test can be found in table 

4.1. The full Item-Tatal statistics can be found in appendix I (table 3 and 4). 

Cronbach's a .865 I Cronbach's a .831 

Mean 4.783 I Mean 4.769 

SD .9174 I SD .8518 

The found internal reliability for bath SBSoD tests in the present study is good, and almast the 

same as the score found by Hegarty et al. (2002). Paired Samples t-tests are performed to see 

whether the mean scores of the SBSoD tests differ significantly between the two administering 

moments. This has been done for the total group of participants, as well as for the four different 

experiment groups. For none of these a significant result could be found (see appendix I, table 5), 

which indicates that participants did nat fill in the test differently during the internet survey ar 

directly after completing the spatial tasks. Again, these results are in line with those of Hegarty et al. 

(2002), who could nat ftnd a significant difference between two moments of administration with 

spatial tasks in between. 

Furthermore. Independent Samples t -tests are performed to check for differences in means 

between the paper map and electronic device groups in tata!, as well as divided per environment. 

None of these tests are significant. indicating that there are na differences between groups. 

Quesäon about famjJjaäty 

Participants are assigned to an experiment location, taking into account their current and 

previous residential addresses. Despite this precaution, some participants reported to be more ar less 

familiar with the Jocation they were allocated to, see table 4.2. 

One participant (route B, device) knew the Jocation because his parents Jive close by; the other 

five only recognised the Jocation from riding past ar through it on an incidental basis. Since the 

number of participants recognising the Jocation is sa Jow. this aspect is nat included in further 

a na lysis. 
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Table 4.2 Familianty wtth the locatton 

Familiar with the location? 
Total 

no yes 

Route A, map 14 15 

Route A, device 15 0 15 

RouteB,map 13 2 15 

Route B, device 12 3 15 

Tot al 54 6 60 

Dkecüon esümaüon wHh ärcular poinüng device 

In their experiments. Hegarty et al. (2002). Ishikawa et al. (2008) and Willis et al. (2009) all 

calculated the absolute error of direction estimation. They used the mean absolute angular error in 

their analyses. The same has been done in the present study. The absolute error of direction 

estimation is measured by subtracting the actual angle from the estimated angle, and making this 

result absolute. The correct answers of this task -with indications on the map- can be found in 

appendix G: 'Correct solutions to tasks'. 

For all three orientation tasks - pointing at the church. the playground, and a corner- a mean 

absolute error has been calculated per experiment group and per route. Furthermore. a mean of 

these mean errors is calculated, which can be considered a total score for this task. The results can 

beseen in table 4.3. Note that a higher score means a worse orientation. since error scores are used. 

Mean 

Church 2.33 

PlaygtOIJnd 30.80 

Corner 17.20 

Mean 

Church 8.30 

Playground 22.50 

Corner 21.40 

Toralmean 17.40 
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1.543 

24.116 

21.281 

SD 

11 .472 

19.445 

20.056 

12.163 

Mean 

4.60 

24.80 

16.13 

15.18 

I 
Mean 

9.10 

120.87 

118.57 

116.18 

SD 

5.011 

17.247 

14.162 

9.030 

SD 

11.784 

14.762 

17.284 

8.431 

Mean 

14.27 

14.20 

25.60 

18.02 

I Mean 

13.47 

1 27.80 

116.67 

115.98 

SD 

13.926 

7.350 

18.508 

9.993 

SD 

3.821 

20.825 

17.769 

11.805 

Mean SD 

113.60 14.803 

116.93 10.990 

21.00 20.139 

17.18 7.973 

Route B• n )01 

I Mean 

1 13.93 

115.57 

123.30 

117.60 

SD 

14.125 

9.291 

19.148 

8.893 

Mean SD 

8.70 11 .537 

21.68 17.136 

19.98 18.617 

16.79 10.394 



42.5 

What can be seen is that the angular errors differ quite a lot per pointing location and also per 

environment; this is probably due to de differences in difficulty. For example, the church was visible 

from the location of standing for bath groups and as a result the error is smaller for this pointing 

location than for the direction estimation towards playground and corner. 

Route 8 participants however did perfarm significantly worse than route A participants on 

pointing towards the church (p < .OI). which might be due tothefact that the church in environment 

A was straight ahead of the participant and not so in environment B. The difference in mean between 

route A and route B on pointing towards the playground is also significantly different (p < .05). 

However, as said before, differences between routes are most likely to be due to the chosen locations 

used for the task. 

Of more interest is therefore the comparison of means of paper map and electronic device users 

per environment. It is noticeable that the total mean scores of map users are higher (worse) than the 

scores of the device users for both the environments. where would be expected that the map users 

perfarm better. These differences however do not come close to significance; neither do any other 

camparisans between groups. Only the comparison between map and device users from route A for 

direction estimation towards the church co mes close to significanee with a level of p = .1 05 (see 

appendix I, table 6 for results). 

In conclusion. it can be said that the only differences in mean that exist can be explained by 

characteristics of the environments. Th is might be due to actual differences in appearance or amount 

of Jandmarks. but it can also be due to choice of pointing locations which are not equally difficult for 

routes A and 8. 

CPS-tracker- Duraüon of the táp 

There are three different types of information that are gathered with the GPS-tracker which 

participants carried with them during their walk in the field; information about the duration of the 

trip, the number of stops en-route, and the correctness of the walked route. All participants carried 

the tracker. but unfortunately the device first of all did not register all data. and secondly recorded 

quite some ïmpossible' data. For example. according to the tracker data. walks of some participants 

went right through houses or stopped and started somewhere halfway. A possible explanation of this 

faiture is that the trip was too short or too slow (walking instead of cycling or driving) to make 

accurate measurements; every device which uses GPS signals needs to 'see' the open sky for some 

time to locate itself. and maybe this time was too short. Furthermore it could be the case that the set 
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4.2.6 

4.2.7 

time interval of I second was too accurate and that an interval of for example 5 seconds would have 

been better. Why the tracker did nor collect all data -not even the wrong information- from some 

participants is however nor clear. 

The time participants needed to complete the route is measured by the experimenter as well. 

However, this time is rounded to minutes meaning that the recording of time is not very accurate. 

The mean duration of the walk for all participants is 16 minutes. The mean time for the separate 

experiment groups is 16 minutes as well; except for the electronic device users in environment A, 

they waJked 17 minutes. The duration of the walk is visualised in figure 4.3. 

15 20 

Flgure 4.3 The distri bution of duration of the trip in minutes. 

Independent Samples t-tests have been performed to check for difference in mean between 

groups. Comparison of the total paper map and electronic device groups and the two groups in 

environment B did not lead to any significant results. The difference between groups for route A is 

significant (p < .05). which indicates that the device users indeed walked slm·ver. 

CPS-tracker - Number of stops en-route 

As explained above. it is unfortunately not possible to count the number of stops participants 

made because of missing and incorrect data. 

CPS-tracker- Correctness of walked route 

In figure 4.4 two examples are given of the visualised tracker data in Google Earth. For some of 

the participants the data are complete, for others large parts are missing. These missing or incorrect 

data make it impossible to perfarm analysis. From conversations with participants however. there 

are no indications that anybody got lostor went a wrong direction during their walk. 
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Flgure 4.4 Examples of the visualisaûon of tracker data in Google Earth. Left the route is complete but the data someûmes show 

the participant walking through houses. Right: messy and incomplete data. 

Sketch map drawjng 

In the context of this thesis, no sketch map analysis wil! be performed regarding this task (task A) 

and the sketch map task with a map background (task D) . However. when analysis would occur. 

attention should be paid to for example (see also section 2.6.1): 

Route (sequentia! elements) or survey (spatial elements) type of map; 

Number of path segments from the walked route; 

Number of landmarks that are drawn/indicated on the map; 

The correctness of placement of landmarks; either in relation to other landmarks or to a path 

segment. 

In flgure 4.5 two illustrating examples are given of sketch maps drawn by participants who 

walked through environment A while using an electronic device; the difference between the sketch 

maps can immediately be seen. 

--~ -.! -..!- ... 

Flgure 4.5 Two examples of sketch maps parûcipants drew of environment A. 
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4.2.9 Gjvjng navjgaäon dkecäons 

In the context of this thesis, no analysis is performed on the given navigation directions. 

4.210 Drawjng the walked route on a map 

Befare analysis can be performed on this task, the drawn routes are graded so that each 

participant gets a score indicating how wel ! he performed. For both routes the exact amounts of 

segments are indicated (path segments between possible decision moments); which can be found in 

appendix G: 'Correct solutions to tasks'. Per participant the amount of missed segments is indicated, 

and this amount is subtracted from a maximum score of 20. Furthermore, an extra point is 

subtracted when the direction indication is reversed for some part of the route. In figure 4.6 a•n 

example can be found of a participant who is rewarded with a score of 18 (20-2) points, since he 

missed two segments. The scoring of this task has been done by both the experimenters, to avoid 

subjective counts. 

It should be noted -as can be seen in appendix G- that the total amount of segments to be drawn 

fora correct route is 18 for route A and 16 for route B. When deciding on the environments and the 

routes in it while designing the experiment, the amount of segments was calculated as being a 

conneetion between two turning points (corners). In this view both routes have 10 segments. When 

however segments are defined as connections between two possible turning points, the amounts are 

different between the two routes. lt would mean that if participants in environment B outperfarm 

those in environment A, an explanation could be the difference in number of segments. In the 

analysis, this fact of different amounts of segments is however not taken into account. 

Over all participants. the mean for route drawingis 18.57 (SD = 2.7 46). This indicates that overall 

the participants have drawn routes with on average 1.5 segments missing. The mean of scores per 

experiment group and per environment can be found in table 4.4 . 

19.20 1.521 17.20 3.342 19.60 1.549 18.27 3.494 

PaperrnapIn 30) Electron1c deviCe (no 30) Route A (n 30) Route B (n- 30) 

19.40 1.522 I 
Mean 

17.73 

so 

3.403 I 
Mean 

18.20 

so 

2.747 I 
Mean 

18.93 

SD 

2.741 

Mean SD 
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Flgure 4.6 This participant receives a score of 18 (20-2) for this task. 

Independent Samples t-tests are performed to test for the equality of means between groups. 

Results of these tests can be found in appendix I (table 7). When camparing the total groups of 

paper map and electronic device users. a significant difference (p < .05) between means is found. as 

well as for comparison of those groups for route A (p < .05) indicating that paper map users perfarm 

significantly better with a difference in means of 2 segments. No significant results are found for 

camparing route A and B. or within environment B. This indicates that the found difference in means 

for the total groups of map and device users can be explained solely from the strong differences 

found in environment A. 

4.2.11 MarkÏng stákjng features on a map 

Like the other sketch maps task (task A). this task (task D) is nat analysed within the context of 

this thesis. For analysis. the points of attention described under section 4.2.8 apply here as wel I. 

4.2.12 Landmark and jntersecUon recognjUon from photographs 

Participants indicated for 24 photographs whether they recognised the location on it. and how 

sure they feit about this choice on a Likert scale ranging from I (very unsure) to 5 (very sure) . 

Within the set of photographs. there are 2 which are taken from the other experiment location 

(photograph 11 and 23) and for which the answer therefore should be that they do nat recognise 

the location. For all other photographs the answer is 'yes' since the participant could have seen the 
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Jocation during his walk. In appendix I frequency graphs of answers per landmark are s hown, 

divided per experiment group. The mean certainty participants have indicated is shown as welt. 

In order to perform analysis, mean scores per landmark and mean scores per participant over all 

landmarks are calculated for both recognition and certainty. Before doing so. the answers to 

question 11 and 23 for recognition are reversed. so that a participant scores a ' 1' to a question when 

the correct answer is given, and a ·o· when the answer is incorrect. Mean scores wiJl therefore lie 

between 0 and 1. and a score closer to 1 indicates more correct answers. The mean scores of the 

certainty of placement willlie between 0 and 5, with a higher score meaning a higher certainty. 

Landmark recognition 

Independent Samples t-tests are performed to check for the equality of means for recognition per 

landmark. This is done between the paper map and electronic device groups divided by environment. 

These tests showed only a marginal difference: for route A number 6 (distant landmark) showed a 

significant difference in mean (p < .05). for route B no significant differences could be found. When 

camparing the mean scores per participant over all landmarks by Independent Samples t-tests, again 

no s ignificant diffe rences in mean are found (see table 4.5 and table 8 in appendix D. It thus can be 

said that participants in the map and device groups did not remember Iandmarks differently. No 

tests are performed camparing route A and B or the total map and device groups, s ince the use of 

different locations and different photographs makes the two Jocations incomparable. 

Mean SD 

0.60 0.089 0.58 0.076 0.59 0.082 

Route U map tn 151 Houte U dev1ce In I'> I 

Mean so I Mean 50 I Mean 50 

0.63 0.120 10.64 0.113 1 0.64 0.115 

Certainty of landmark recognition 

Next, the same tests are performed, but now for the certainty of choice. When camparing per 

landmark, no significant differences in means can be found for certainty in environment A. In 

environment B there are significant differences found for Jandmarks 5, 15, 18 (p < 05). and 7 (p < 

.0 1) . For a ll of these, the map users were more su re about their choice. However, when Jooking at 

the answers the participants gave on landmark recognition fo r these four landmarks, it can be seen 
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that map users were not necessarily more correct (and certainly not significant better or worse. as 

described above) in their choice than device users. 

For landmark certainty it is relevant to also campare means for route A and B and the total map 

and device groups; how sure a participant is about his choice can give information about the 

environment itself. where a higher certainty might indicate a higher legibility or better observable 

environment. No significant results can be found however for these camparisans of means (see table 

4.6 and table 8 in appendix I). neither for the tests comparing means per environment. 

Table 4.6 Mean scores lor landm,lfk tertatn ty lm~xtmum <,core" ·:>1 

Mean so 
4.09 0.472 

Paper map (n=30) 

Mean so 
0.62 0.104 

RelatJ'ons 

Mean 

14.09 

so 

0.393 

ElectroniC devtce (n 301 

I 
Mea11 

0.61 

so 
0.101 

I Mean 

13.97 

so 
0.468 

Route A ln=30i 

I 
Mean 

4.09 

so 
0.427 

To1.1l n b01 

I
Mean 

3.87 

so Mean so 

0.341 4.00 0.422 

Route A n 30 

I 
Mean 

3.92 

SD 

0.406 

Furthermore. Independent Samples t-tests are performed to campare means of the certainty 

scores for correct answers with certainty scores of incorrect answers. This is done per experiment 

location. and in table 4.7 all significant results are shown. When the amount of participant per test 

does not add up to the total of 30. this is due to missing values. 

Table 4.7 Resu lts of lndepPndent ':>atn ples t tests com p<~r ll tq me.trts o f ter!dtll !y lor tor ret! c~mwP rs w t!lt 

tertalflty l or " " orre< t amwPrs (only St(j tll f t< dil!'< nrP> M<' shown) 

Ru u te A 

Slg. Mean for yes (n) 

2. playground .013 4.66 (29) 

Mean for no (n) I 
3.00 (1) 3. corner 

Slg. Mean for yes (n) Mean for no (n) 

.045 4.54 (24) 3.67(6) 

7. school .006 4.59 (17) 3.17 ( 12) 112. significant house .019 4.45 (20) 3.40(10) 

10.detall .000 5.00 (4) 4.17 (24) In. corner .031 4.23 (26) 3.00(4) 

11 . fake çletail .035 1.00 (1) 3.81 (27) 117. streelview .004 4.08 (13) 3.06(17) 

13. comer .006 4.30 (20) 2.88 (8) 121. corner .047 4.38 (26) 3.25 (4) 

What can be seen is that for these landmarks where t-tests reached significance. the mean 

certainty for a correct answer was higher than for incorrect answers (note that the answer for 
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landmark 11 should be no). This indicates that participants giving correct answers were justly more 

sure about this. The landmarks that scored significant seem to be quite randomly spread over the 

different types of landmarks however, therefore nogeneral conclusions can be drawn. 

The correlation between mean landmark recognition and mean certainty per environment, as well 

as for all participants, has been calculated. Only for environment A this correlation reached 

significanee (p < .05) with a coefficient of .388. 

Different types of Jandmarks 

The frequency graphs per landmark in appendix I show that participants answered quite different 

per landmark, even though there are almast no significant differences within the environments when 

compared for map and device groups. For some landmarks, almast all participants have recognized 

the location, for others almast no one did . In table 4.8 the mean scores for landmark recognition, 

divided for types of landmarks (see section 3.6.12) are given. It can clearly be seen that per type of 

landmark the mean scores are very different. The photographs of details of houses scored lowest for 

all experiment grou ps, and the highest recognition for route A is for the street views and for route B 

the corners where a turn was made. 

Route A dt'Vh ~· trl-1 ~l 

Mean so I Mean SO 

Corners 0.68 0.240 0.77 0.176 1 0.73 0.211 

Street views 0.80 0.185 0.84 0.172 1 0.82 0.177 

Details 0.11 0.163 0.02 0.086 1 0.07 0.136 

Generalland marles 0.59 0.191 0.49 0.116 1 0.54 0.163 

Fake photographs 0.77 0.258 0.77 0.258 1 0.77 0.254 

Mean so I Mean so 

corners 0.82 0.176 0.87 0.129 1 0.84 0.154 

Streel views 0.75 0.267 0.69 0.249 I 0.72 0.255 

Details 0.07 0.138 0.11 0.241 1 0.09 0.194 

Generallandmarks 0.63 0.167 0.67 0.163 1 0.65 0.163 

Fake photographs 0.80 0.316 0.77 0.417 1 0.78 0.364 

Independent Samples t-test showed no significant results when camparing the map and device 

groups per environment per type of landmark (see appendix I. table 9). When camparing mean 
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scores per type of landmark between route A and B. s ignificant results can be seen for corners and 

general landmarks (p < .05); indicating that route B participants performed better. This could mean 

that either the actual environment B is easier to remember. or that the photographs from 

environment Bare nat as hard to remember as those from environment A. 

4.2.13 Ordeäng photographs of intersections 

Participants are shown 9 photographs of s treet views and corners where a tu rn was made, and 

they have indicated the order they think the photographs should be in to match the order they saw 

the locations during their walk in the field. In order to check how well a participant scored, 

correlation coefficients are calculated between the participants' order and the correct order (the 

correct order can be found in appendix G: 'Correct solutions to tasks'). When the correlation 

coefficient is 1, the order of the participant is completely good. when 0 there is no relation at all. and 

when -1 the order is completely opposite to the actual order. 

Befare calculating correlation coefficients. the data are restructured so that each participant takes 

up 9 rows instead of 9 columns. in which the data are placed. The data for this task are ordinal. so 

instead of the Pearson Correlation the Spearman's Coefficient of Rank Correlation (Spearman's p) is 

used. Spearman's p is calculated for all different experiment groups, and shown in table 4.9. 

Table 4.9 lorrt-latron'> betwt-<'n actudl <111d 111drcated ortkr of photogr.1ph' 

Spearman's p Significanee I Spearman's p Significanee 

Route A. map (n .. 1 5) .942 .000 I Route A (n .. 30) .904 .000 

Route A. device (n"' 1 5) .867 .000 

Route B. map(n.,15) .792 .000 

I Route B (n..30) 

I Paper map (n .. 30) 

.754 .000 

.867 .000 

Route B. dev~ce (n"' 1 5) .717 .000 I Electrooie device (n .. 30) .791 .000 

All partidpants (n .. 60) .829 .000 I ___ ____, 

First. what stands out is that for all groups the correlation is high and s ignificant. Second. it can 

be seen that Spearman's p is higher for paper map users than for electronic device users; bath for 

the total groups and when divided by environment. This indicates that the map users performed 

better in this ordering task than device participants. Purthermare is the correlation for route A 

higher than for route B. This can mean that either environment A was easier to remember. for 

example because the sights while walking the route were quite different from each other. or that for 

environment B more difficult photographs were used so that more mistakes were made. 
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42.14 Placing photographs of intersections at the correct location on a map 

The scoring for this task has been done in a somewhat similar fashion as for the route drawing 

task. In appendix G: 'Correct solutions to tasks ' a map of both environments can be found with the 

correct locations of photographs indicated. When the indication the participant made is Iocated 

correctly, he is rewarded with 2 points. When the placement is approximately correct 1 point is 

given. Since there are 10 photographs to be placed, a maximum score of 20 (1 0 x 2) can be achieved. 

Scoring has again been done by both the experimenters. An example of scoring is given in figu re 4.7 . 

Flgure 4.7 This participant received I 7 points for the photograph placing task. 

Plaäng photographs 

Mean scores have been calculated and Independent Samples t-tests are performed to check for 

equality of means (see table 4.10 and table 10 in appendix I) . None of the comparisons of means has 

reached a significant level, ind icating that there are no differences in performances between groups. 
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14.67 3.222 

Paper map (n- 30) 

Mean SD 

14.40 3.460 

Haute A. dev1ce In 151 

SD 

14.20 2.957 

Electrome dev1ce (n 30) 

I Mean 

1 14.07 

SD 

2.900 

Certainty of placing photographs 

1 14.13 3.777 

Route A (n 30) 

I Mean 

1 14.43 

SD 

3.048 

13.93 2.939 

Route B (n - 30) 

I Mean 

1 14.03 

SD 

3.327 

Furthermore, Independent Samples t-tests are performed to compare means of the certainty 

participants indicated for placement on the map (see table 4.11 and table I 0 in appendix I). The only 

close to significant difference (p < . I) is the one between the two routes, indicating that participants 

in environment A are a little more sure about their placements. However, since this result is not 

significant. no conclusions can be drawn. 

Meao SD 

4.16 0.403 

Paper map (n 30) 

Mean SD 

4.10 0.485 

Correlaüons 

Mean SD 

4.05 0.456 

Electrome dev1ce :n 30) 

I Mean 

13.89 

so 

0.513 

Mean SD 

4.03 0.563 

Route A (n 30) 

I Mean 

14.10 

SD 

0.427 

~outP H dPVI<.P 'll 1 )' All partter pants. (n 60r 

MNn SD SD 

3.73 0.533 

Route B In 30) 

SD 

0.560 

Correlation coefficients between the mean score on photograph placing and mean certainty, 

divided per experiment group, route and used aid are calculated. Results can be found in table 4.12. 

Table 4.12 Correlat1ons between photograph plaong and certamty of th1s placement 

Pearson Correlation Significanee I Pearson Correlation Significanee 

Route A. map (n=1 5) .500 .057 I Route A (n=30) .560 .001 

Route A, <;1evl e (n=1 5) .617 .014 I Route B (n=30) .441 .015 

lláute B, map (n=1 5) .478 .071 I Paper map (n=30) .490 .006 

lloute B, device (n= 1 5) .41 7 . 1 22 I Electronic device (n=30) .497 .005 

All partlelpants (n=60) .489 .000 I ____ _._ 
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For the two environments separately, as wel I as for the division per a id and for the tota l group of 

pa rticipants, a high and significant result is found . This indica tes that correctness of placement and 

certa inty about placement are highly related . The fac t that correlations per experiment group a lmost 

never reach significance, is probably due to the smal! number of participants per group. Since a tota l 

sco re is used for the correct placement , no correlation coefficients can be calculated between the 

correct placement of a single photograph and the indicated certai nty of this photograph. 

4.2. 15 Questionnaire 

In the context of this thesis answers to this questionnaire are not analysed, since the re is no direct 

link with the research question. 

4.3 Relations of tasks with each other and the SBSoD self scale test 

In addition to the analysis of the separate tasks in the sections above. possible relations between 

those tasks have been investigated. For the total or mean scores per tasks a correlation matrix is 

calculated and shown in table 4.13. Since no mean scores could be calculated fo r the ordering task, 

this task is not included in the matrix. 

Table 4.13 Cor re latlons between ,1 ll dll,ll ysed ldsks 

1 Mean score SBSoD 1 

2 Mean score SBSoD 2 

3 
Mean absolute angular error of 
dlr«tiOfl estlmatlon 

4 Total walklng time 

5 Score tor route drawlng 

6 Mean of landmark recognitlon 

7 
Mea11 Cef!ainty score tor 
landmark recognltlon 

8 
Score tor photograph placement 
011themap 

9 
Mean of certalnty for photogtaph 
placement on the maP 
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Pearson Correlation 

Significanee 

Pearson Correlation 

Significanee 

Pearson Correiation 

Significanee 

Pearson Correlation 

Significanee 

Pearson Correlation 

Significanee 

Pearson Correlation 

Significanee 

Pearson Correlation 

Significanee 

Pearson Correlation 

Significanee 

I 

.785 

.000 

-.233 

.073 

-.163 

.214 

.178 

.174 

.038 

.775 

.278 

.031 

.164 

.211 

.354 

1 -006 

2 3 

I 

-.260 

.045 I 
I 

-.106 .087 

.419 .508 

.216 -.202 

.098 .121 

.098 -.194 

.456 .137 

.283 -.28 1 

.029 .029 

.128 -.186 

.330 .155 

.480 -.195 

l·ooo .135 

4 5 6 8 

I I I I 

I 

I 

-..278 

.032 

.263 .074 

.042 .576 

-.053 -.016 -.007 

.688 .903 .957 

.003 .115 .199 .201 

.981 .381 .128 .124 

-.037 .153 .255 .311 .489 

1.779 1 -244 1 .049 1 -016 1 -000 

' 

1 

I 
I 

I 

I 

I 
I 

i 
I 

I 



Twelve relations reach a significant level (shaded in the table). and what can be seen is that 

especially the means of certainty indications correlate with many other tasks. Same of the 

correlations have already been found in the previous analyses (correlation between the two SBSoD 

tests and between the score for photograph placement on themapand certainty about this). 

SBSoD se!! se ale test 

Between bath the SBSoD tests and the two certainty indications (1 & 2 and 7 & 9 in the tablel a 

positive correlation is found. This indicates that when a participant has a higher self reported sense 

of direction. that he is also more sure about his answers regarding landmark recognition and the 

placement of photographs on the map. However. this does nat mean the participant is also better in 

the tasks. since there are no correlations found between the SBSoD tests and the actual scores for 

landmark recognition and photograph placement. 

Furthermore. it can be seen that the correlation coefficients are higher for the relations with the 

second administration of the SBSoD test. A possible explanation for these higher coefficients is -even 

though we have seen in section 4.2.2 that there are no significant differences in mean between 

SBSoD 1 and SBSoD 2- that participants filled in the second SBSoD slightly more in relation to their 

feelings a bout certainty over the just performed tasks. 

The same explanation may apply for the fact that there is found a significant correlation between 

SBSoD 2 and the mean absolute angular error of direction estimation and nat for SBSoD 1. Note that 

even though the correlation coefficient is negative. it does mean that with a higher self perceived 

sense of direction participants perfarm better on direction estimation since error scores are used. 

Certainty scores 

Besides correlating with the SBSoD scores. the certainty scores also correlate with each other. 

indicating that a higher score on the one is related to a higher score on the other. 

Furthermore it is remarkable that the certainty score for landmark recognition is nat significantly 

correlated with landmark recognition, but that the certainty score for photograph placing on the 

map is. 

On the other hand. no significant correlation is found between the mean eertaioties of photograph 

placing with the score for direction estimation. where the certainty score for landmark recognition 

does show correlation. This may be accidental. 
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Route drawing 

There are two significant correlations where neither the SBSoO scores nor the certainty scores are 

involved. A negative correlation is found between the time of walking and the score for route 

drawing, indicating that a Jonger walk prediets a worse score on route drawing. Remember from 

section 4.2.5 that electronic device users needed more time to walk the route and from section 

4.2.1 0 that these partic i pants perfarm worse on route drawing. Th is explains the correlation 

between time of walking and the score for route drawing. For the correlation between total walking 

time and mean landmark recognition, a similar explanation may be valid. 

4.4 Condusion 

ln this chapter the performed data analysis is reported, and results are presented. There is 

decided that within the context of this thesis and based on the research questions asked not all 

gathered data are analysed. The fourth part (questionnaire one week after the walk) is totally 

excluded, and furthermore are the sketch map drawing tasks and the giving of navigation directions 

not analysed. 

For each task, mean scores are calculated per experiment group (four groups: route A (map & 

device); route B (map & device)), and those means are compared with t-tests to check for their 

equality. Also, Pearson's and Spearman's correlations are calculated to check for correlation between 

tasks. 

For some tasks scores had to be calculated or data had to be transformed befare analysis could 

take place. The scores for route drawing and for placement of photographs on the map have been 

calculated by bath the experimenters to reduce subjectivity. 

lt can be said that the g roup of participants is very homogenous. Besides a count of one third of 

females in each experiment group, there is a nicedistri bution of age (M = 21.1; SD = 4.0) and start 

year of the study. There are furthermore no differences between experiment groups regarding their 

self perceived sense of direction. 

Bath the administered SBSoO self scale tests are found to have a high internal reliability 

(Cronbach's a of .865 and .83 1) indicating that a total mean score can be calculated and used in 

other analyses. 

In tables 4.14, 4.15 and 4.16 the found results from data analysis are summarised. An empty cell 

indicates that no significant result could be found, one asterisk (*) shows a significant result with 
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p < .05 and two asterisks (**) indicate a significanee level of p < .0 1. What can be seen is that only a 

few of the performed tests showed significant differences or correlations. A plus sign indicates a 

result as expected. and a minus a result opposite to the expectation. This expectation is that paper 

map users will perfarm better than electronic device users. For the ordering task only a plus or 

minus is given since differences can be seen, but no p-value can be given. 

Table 4.14 D1fferences 1n mean between paper rtldp dnrlt>l<'ctromc dev1ce users 

RouteA RouteS 

Direction estimation 

Walking time * 
Route drawing * + 
Landmark recognition 

Landmark recognltion cenaint.y 

Photograph ordering + + 
Photograph pladng on map 

Photograph placing on map certaint.y 

For route A. the mean time of the walk was significantly Jonger for the device group (M = 00: 17; 

SD = 00:01) than for the map group (M = 00:16; SD = 00:01). Since it was hypothesised that by 

taking away the work laad for device users they would be faster. this finding is against expectations. 

Furthermore. a significant result for comparison of means for the route drawing task in 

environment A was found. Map users performed as expected better (M = 19.2; SD = 1.5) than device 

users (M = 17.2; SD = 3.3) 

To analyse the ordering task -where photographs of intersections had to be placed in the correct 

order- correlations are calculated (Spearman's p) between the actual order and the order as 

indicated by the participant. The correlation coefficients are higher for the map groups than the 

device groups in bath environments (route A: .942 and .867 ; route 8: .792 and .717). However. due 

to the methad of analysis. nop-levels can be given. 

Table 4.15 Correlat1ons between task a nel certamty a bout th1s task 

Mêan landmark recognition vs. mean certaint.y 

Mean photograph placing vs. mean certainty 

RouteA 

* + 

** + 

RouteS 

* + 
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For the two tasks where is asked to indicate the certainty of answers, the correlations between 

these certainty scores and the scores for the actual tasks are calculated. For route A. bath measures 

are significant and for route B only the correlations for photograph placing on the map. This shows 

that when the participant was more sure about his answer, he in general also scored better {or vice 

versa). 

Table 4.16 Correlat1on between tasks and SBSoD self scale tests 

SBSoD 1 SBSoD 2 

Direction estimation *+ 
Walking time 

Route drawing 

Landmark recognition 

Landmark recognition certainty * + * + 
Photograph placing on map 

Photograph placing on map certainty ** + ** + 

In addition to the analysis of separate tasks, there is a lso tested for correlations between the tasks. 

Most interesting are the correlations found between the SBSoD test and bath certainty scores, 

indicating that a higher sense of direction is related toa higher certainty about spatial tasks. 
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5 CONCLUSIONS & DISCUSSION 

In this chapter conclusions will be drawn, and an answer will be given to the research question. A 

discussion of res ults follows in section 5.2. Finally, recommendations for further research and the 

development of electronic navigation devices are provided. 

5.1 Conclusions 

The study presenred in this report encompasses finding your way in an unfamiliar environment. 

and the amount of spatial knowledge that is remembered from this environment. The studied 

literature. as described in chapter 2, shows that there a several aspects that may influence this 

sparial knowledge acquisition. These can be characteristics of the individual, the environment or a 

used aid while experiencing the environment. This last aspect -and to be precise the difference 

between a paper map and an electronic navigation device- has been the key subject for the present 

study. The research question, as stated in the introduction, and the accompanying parrial questions 

were therefore: 

What is the d1fference in spatial knowledge acquisition between using a paper map and an 

electronic navigation device while navigating through an unfamiliar environment? 

1. How do people find their way? 

2. How do people perceive their en vironment? 

3. What is spatial knowledge? 

4. How do people store spatial knowledge? 

5. How can spatial knowledge be measured? 

6. What are the characteristics of different types of navigation aids? 

1 How can the influence of navigation aids on spatial knowledge acquisition be measured? 

8. What is the effect of ha ving more or Jess Jandmarks in an environment on spatial 

knowledge acquisition? 

Answers to the parrial questions have already been found in the literature. and these are given in 

sectien 2.7. To be able to answer the research question, an experiment was des igned and conducted. 
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In this experiment. participants walk a predefined route, thereby guided by either a printed paper 

map or an electronic navigation device. On both aids the route to be waiked is shown. Two different 

environments are used to imprave validity, and to be able to check for the influence of having more 

or less landmarks in an environment on spatial knowledge acquisition. 

After walking the route, participants had to perfarm a series of tasks to measure their spatial 

knowledge of the experienced environment. Since almast none of the sixty participants had ever 

been at the experiment location before, it can be said that the knowledge the participant possesses 

of the environment is acquired during the walk. 

The in the context of this thesis analysed tasks are listed below, with between brackets the type of 

spatiai knowledge that is measured with the task: 

Direction estimation (orientation and survey knowiedgel 

Drawing the walked route on a map (route knowiedgel 

Landmark and intersection recognition from photographs (landmark knowiedgel 

Ordering photographs of intersections (route knowiedgel 

Placing photographs of intersections on a map (route and survey knowiedgel 

For the landmark recognition and photograph placing tasks, the participant also reported how 

sure they feit about the given answers. 

It is hypothesised that participants using a paper map while navigating in the field will have 

gained more spatial knowiedge than electronic device users , and as a resuit perfarm better on the 

different tasks measuring spatial knowledge. To test this assumption and thereby answer the 

research question, the answers from map users and device users are compared and checked for 

significant differences. This is done per environment, since differences that exist between the 

locations (either due to actual difference in the environment or due to the different impiementation 

of tasks) should notaffect the results. 

For one of the analysed tasks -where the walked route had to be drawn on a map- significant 

differences are found for comparison of means between groups, indicating that paper map users 

performed better. This difference was however only found in environment A. 

For the ordering tasks no significanee indications can be given, but correlation analysis shows for 

paper map users a higher correlation to the actual order than for eiectronic device users. Th is result 

is found for both environment A and B. 
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For the other tasks, no significant differences are found between the performances of map and 

device groups. This indicates that the used aid had no influence on the answers to these tasks. lt 

might however also mean that the tasks were not difficu•lt enough or that the walked route was too 

easy or too short to make a proper comparison between map and device users. 

Nevertheless, the results that are found indicate a better performance of paper map users over 

electronic device users. These results thus confirm the hypothesis. When looking at the type of 

knowledge that is measured with these two tasks -route drawing and photograph ordering-, it can 

be seen that for both this is route knowledge. 

A possible way to explain why specifically this type of knowledge shows results, might be by 

Jooking back at the models of spatial knowledge acquisition by Stern and Leiser (1988; see figure 

2.6) and Freundschuh (1992; see figure 2.8). lt could be that no significant results were found for 

landmark knowledge and survey knowledge because participants acquired too much spatial 

knowledge to make a difference for the first, and too little for the latter. Or in other words; the tasks 

measuring landmark knowledge were performed equally wel! by map and device users, and the tasks 

measuring survey knowledge were answered equally poor. This would explain why on the tasks 

measuring route knowledge (with route knowledge standing in the middle between landmark and 

survey knowledge) a significant difference between paper map and electronic device users was 

found. 

Landmarks 

A new look can be taken at partial research question 8. To be able to answer this question, a look 

should be taken at the found differences between routes. lt is however very hard to distinguish 

between found significant differences that can be traeed back to the number of landmarks per route. 

Other aspects like the used landmarks, the clarity of photographs or the shape of the route may have 

caused differences. And even if the results are due to the used environments; this does not 

necessarily mean that the amount of landmarks made the difference, it could also mean that the 

environments are justnotas camparabie as thought. 

For direction estimation significant differences are found between means for two of the pointing 

locations; where both environment A (more landmarks) and B (less landmarks) score better once. 

The route drawing task shows no differences between environments, nor does the photograph 

placing task. The landmark recognition task shows a significant difference between environments for 

two types of landmarks (corners and general landmarks), where higher means can be found for 
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environment B. For the ordering tasks a higher correlation is found for location A. Given these 

contradictory indications, no answer can be given from this study to the question what the influence 

is on spatial knowledge acquisition of having more or Jess landmarks in an environment. 

Other results 

Next to results directly related to the research question, other interesting results are found. These 

concern the indicated certainty for having given the right answer toa task, and correlations between 

these certainty scores and the Santa Barbara Sense of Direction self scale test. For both landmark 

recognition and the placement of photographs does a higher certainty indicate a higher score on the 

task (and vice versa). 

Both administrations of the SBSoD self scale test correlate with both certainty scores. The SBSoD 

tests however do not correlate with the sores for the actual tasks. So even if participants do not 

actually perform better. they are moresure about their answers when having a higherself perceived 

sense of direction. 

5.2 Discussion 

The fact that for quite some tasks no significant results are found might have to do with the 

implementation of the experiment. When more participants would be used. and maybe participants 

with a wider spread in age and background, stronger results may be found . Furthermore is the 

walked route maybe too short to cause big differences in spatial knowledge acquisition between 

experiment groups; it might simply be too easy to remember aspects of the environment. Also, 

because the speed of walking is not very fast, it might be the case that there was enough time to look 

around and absorb information from the environment for both the paper map and electronic device 

users . lf the experiment would for example be performed by cyclists or drivers the results might 

therefore be more outspoken. 

Furthermore, with hindsight, it could be the case that the two used environments and routes are 

not as similar as thought. This can for example be seen in the different amount of segments each 

route consists of (when all possible turning points are taken into account) . Also, even though the 

environments are classified as being high or low in landmarks, this distinction is made more on 

feeling than on facts. Only when the amount of landmarks is varied systematically (in for example a 

virtual environment) , an unambiguous distinction between many and few landmarkscan be given. 
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Literature 

A few aspects can be mentioned regarding the fou ,Rd results in the present study, and theories 

and results as documented in the literature. It should however be said that even though many of the 

performed tasks are similar to the ones performed in other studies, the differences between the two 

make them often impossible to compare. Many of them are for example more focused on Jearning an 

environment with use of different aids (Thorndyke & Hayes-Roth, 1982; Gale et al, 1990; and Willis 

et al, 2009), than on navigating through the environment over a predefined route. 

The found significant difference in walking time between map and device users for environment A 

is against expectations, since device users are hypothesised to walk faster (Porathe, 2008; see 

section 2.5.2). lt might however be the case that due to the inaccurate time recordings these findings 

under or overestimate the results. 

The found correlation of the Santa Barbara Sense of Direction self scale test with direction 

estimation, is in line with findings in the literature; Hegarty et al. (2002) and Ishikawa et al. (2008) 

also found this correlation. The correlations between the SBSoD tests and indicated certainty about 

tasks is however a new finding. 

5.3 Recommendations 

A first obvious recommendation that can be made is to analyse all the data gathered with the 

experiment. The drawn sketch maps are for example a large souree of information, and when 

analysed it is expected that significant differences between map and device users can be found. 

Furthermore. the data from the second administration of the questionnaire, one week after the field 

experiment, wiJl possibly give information about how spatial knowledge decays over time, and the 

influence of the used navigation aid during the walk on this decay. 

For investigating the effects of having more or less landmarks in an environment on spatial 

knowledge acquisition, it might be a good idea to test this in a virtual or controllable environment. 

Even though an actual setting will give more life-like experiences for participants, by using a virtual 

environment it can be made sure that environments (and the route in it) are the same, except for the 

(amount of) landmarks. 

Furthermore it might be interesting to test for other navigation aids than used in the present 

study, or to vary with settings. lt could for example be expected that when a 30 setting on an 

electronic devise is used during navigation, other results are found than in the present study. This 
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also applies for the used tasks and the exact way they have been administered. When adaptations 

are made it might be possible to get more significant results. 

Besides contributing to the existing body of knowledge on environmental psychology, a second 

goal of this study was to give suggestions regarding the impravement of electronic navigation aids. 

The found results however do not lead to very specific recommendations. In combination with 

findings from the literature study, there are however a number of aspects that should be kept in 

mind by developers of electronic devices. 

Firstly. more 'overview' of the environment a user is navigating through might stimulate the 

development of the cognitive map and higher forms of spatial knowledge. By integrating this feature 

in electronic devices it will be easier for the user to oversee the spatial information and put it in 

perspective. However, since display sizes are in general quite small, it might prove to be difficult to 

do so. 

What possibly also can help in the stimulation of spatial knowledge acquisition is to keep the user 

of an electronic navigation device 'in the loop' by engaging him in the process of finding his 

destination. However, most people use a device for precisely the opposite: to eliminate the planning 

process and the thinking about the route to be followed. Therefore. it will be necessary to keep the 

navigator engaged in a discrete way so that he does not realise that he is being tested. 
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"Looking at cities can give a special pleasure, however commonplace 

the sight may be. Like a piece of architecture, the city is a construction 

in space, but one of a vast scale, a thing perceived only in the course 

of long spans of time. [ ... ] At every instant, there is more than the eye 

can see, more than the ear can hear, a setting or a view waiting to be 

explored. Nothing is experienced by itself, but always in relation to its 

surroundings, the sequences of events leading up to it, the memory 

of past experiences." 

Kevin Lynch. 1960 
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