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ABSTRACT
Mobile phone map apps have been increasingly popular among pedestrians
because less reading and orienting effort is required. Previous studies have
attributed lower efficiency and accuracy when using mobile map to its nature of
fragmented knowledge presentation. However, few studies have investigated in
details how people use mobile maps and how they affect users’ environmental
cognition. This in-the-wild study compared 28 participants’ behaviour while
navigating along a designated route in London with the aid of a mobile map system
(google map) versus paper maps. The environmental cognition and memory were
also assessed by a map sketching task and a picture recognition task. The results
generally supported our two hypotheses. Firstly, different navigation aids did result
in distinct behaviour patterns. Mobile map users looked at the map after the critical
turns, while paper map users at those turns. This could be explained by different
strategies adopted, because less effort was required for the mobile map users to find
where they were. Secondly, paper map users indicated more street names and were
more accurate when estimating the number of turns. In contrast, mobile map users
did significantly better in the recognition memory of street views. These findings
indicated mobile map users engaged in more looking around and thus were more
aware of the contextual information, probably because, again, lower cognitive load
was required on attending to information that can help them orient themselves in
situ (e.g. street names, turns). An unexpected finding was also reported: mobile map
users were more likely to use emotional/subjective descriptions in their map
sketches. This, along with other main findings, suggested new possibilities of
technologies that go beyond the common view of over-dependency to aim at
creating a richer navigational experience.
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CHAPTER 1.

INTRODUCTION

Digital maps, especially those on mobile devices, have been proliferating in
recent years. Many people now find their directions for where they want to go with
the aid of mobile phone map apps. According to a survey in 2014 [28], 18% of
mobile phone owners said they use their phone for GPS navigation at least twice a
week. Some navigation apps are particularly popular—for example, google map app
has more than one billion installations on Google Play app store alone [10].
Despite being presented using a different medium, digital maps do not differ
much in essence from traditional paper maps. They both provide visual
representation of the real-world spatial configuration, with the aim of helping
people navigate to an unfamiliar destination. People can locate themselves, plan the
route, and monitor their navigational progress with both map systems.
However, there are still crucial differences between these two mediums. Firstly,
the size of mobile maps is constrained by the device. Mobile maps cope with such
limitation by showing a partial area at a time, and often come with functions to
zoom at various scales and browse through different areas. Secondly, most mobile
map apps today provide GPS positioning to help users locate themselves. Some are
even equipped with a compass so that people not only know where they are, but also
which direction they are facing. In comparison, the users of paper maps have to read
and match the information in the environment and in the map, such as landmarks or
street names, to locate themselves. Therefore, mobile phone map apps users
probably require less effort to find where they are on the map.
Given the potential to make navigation easier by requiring less map reading and
orientation work, it is no surprise that mobile map systems have been investigated in
a number of studies. In-car GPS navigation systems, for instance, have been studied
extensively for their usability, performances, and safety. Interestingly, some studies
have shifted their focus to how digital maps change our perception about the
environment. Burnett et al. [5] compared the performance of vehicle drivers who
use turn-by-turn navigation system and paper maps. They concluded that navigation
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system hinders the formation of a cognitive map. Drivers who use navigational
system remembered fewer scenes and drew simpler maps than those who use
traditional paper maps. Leshed et al.[18], on the other hand, had mixed results. They
suggested disengagement is evident when using in-car GPS system, but
opportunities of new types of engagement was also observed because people
seemed more confident in explorative behaviour.
For pedestrians’ use, digital maps were also found to be inferior to paper maps
in terms of usability and performances. Ishikawa et al. [13] compared a mobile
navigation system, paper maps, and direct experience. They found out that people
using mobile navigation system made more errors, travelled longer distances, and
drew maps with poorer topological accuracy. Similarly, Willis et al. [33] found out
that mobile map users performed worse on distance estimation. They attributed
worse spatial knowledge acquisition to fragmented region representation. These
studies, however, used earlier mobile map systems that had less functionality than
current commercial ones. They also did not investigate the different behaviour
patterns adopted by pedestrians when using paper maps and mobile phone map app.
The present study aimed to fill this gap by comparing how pedestrians use
mobile phone map app and traditional paper maps in a navigation task with new
smart phone navigation apps. Furthermore the aim was to investigate how different
systems affect users’ environmental cognition—i.e., what information they take in
and how they remember and experience the environment. This study could provide
useful empirical data, and more importantly, new insight for future development of
navigational aids that can lead to richer navigational experience.
In this thesis, chapter two will review more in details about navigation studies,
from earlier research on spatial cognition and navigation behaviour to recent studies
on mobile navigation aids. In chapter three, the research questions and hypotheses
will be specified, followed by methodologies. Chapter four and five will give results
and general discussion, respectively. Conclusion will then be made in the last
chapter.
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CHAPTER 2.

LITERATURE REVIEW

This chapter will review pertinent previous studies. It will start with earlier
cognitive research on spatial ability, mental map, wayfinding behaviour, and the
assessment of these abilities and behaviour. The studies of paper maps will then be
introduced to explain how maps interact with our spatial cognition. As the new
digital technologies develop, new generation of aids also emerged. We will
therefore review studies of mobile navigational aids for vehicle drivers and
pedestrians. This chapter will conclude with the limitations of previous research.

2.1.

Mental map and wayfinding

People often engage in spatial behaviour in their everyday life. To carry out
such behaviour, they keep some kinds of spatial information in mind. Mental map,
or cognitive map, refers to the inner representations of the outer environment. It is
often inaccurate, and sometimes even unreal [2]. Kitchin suggested the term mental
map might be misleading because it is generic and does not work exactly as
cartographic map [16]. Nevertheless, he also stated that it could be a “convenient
fiction”, and this concept has been widely used in the field of environmental
psychology. Generally, a mental map includes both the knowledge about some
places and the relationships between them [14]. Gärling et al. suggested that travel
plan, which refers to how one can move from one place to another, might also be
part of the mental map knowledge [7]. In short, despite some dispute in how much
the concept of mental map really covers, we can thought of it as the information
ascribed to an individual that makes spatial behaviour possible [25].
It also interested many researchers as to what constructs a mental map. In his
influential works, The Image of the City, Lynch [21] has indicated five basic
elements in mental map: path that commutes, edge that separates, district that refers
to homogenous area, node that intersects, and landmark that can be easily
recognized. Many subsequent studies have investigated how these elements play
different roles in the mental map. For example, Evans et al. [6] have indicated that
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people first build cognitive maps by connecting paths and nodes, and add details
such as landmarks later on.
Wayfinding, in comparison to the concept of mental map, focuses on the
sequence of problem solving from A to B

[27]. Golledge [9] has stated that

“Wayfinding is the process of determining and following a path or route between an
origin and a destination. It is a purposive, directed, and motivated activity.” A
wayfinding task generally includes five crucial stages. First, one has to identify the
goal. Second, in the orientation stage, one relies on environmental cues to know
where he is. Third, a route is selected from all the possibilities. Fourth, the person
monitors his own wayfinding behaviour while carrying out the task. Last, the
recognition of the destination concludes the journey. In short, wayfinding refers to a
specific type of spatial behaviour in which people find their way with the
information stored in their mental map.

2.2.

Assessment of mental map

There are three common ways of studying mental maps: map sketch task,
recognition tasks, and estimation of variables such as distances and angles [2].
The map sketch task requires people to draw a map showing an area of study.
According to the purposes of the study, the emphasis of sketch may vary. The
sketches they draw are then analysed qualitatively and quantitatively. Despite its
convenience, using map sketch task as a way to study mental map has been
criticised for several reasons [4, 8, 23]. First, the drawing is greatly influenced by
individuals’ drawing abilities. Second, the map sketch task usually requires people
to draw in a bird-view perspective, and therefore it is questionable as to how well it
represents the real mental map. Third, the interpretation of sketched maps are
vulnerable to subjectivity. Despite of these criticisms, map sketch task has been
proved to be a reliable method of data collection [3]. Besides, it has been shown to
be a valid assessment of individual’s spatial knowledge [24]. For example, Rovine
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[29] found that sketch map variables were a good predictor of wayfinding
performance.
The recognition task requires people to indicate whether they have seen certain
views in the pictures. Unlike map sketch task, it does not require any drawing
ability and can be analysed more objectively. However, data such as distances or
positions are difficult to obtain in a recognition task. This is not always deemed a
drawback by researchers. For example, Passini [27] claimed that our real life
navigation was more like solving series of recognition tasks rather than following a
route in the mental map.
The estimation of distances and angles, on the other hand, allows the researchers
to rebuild the mental map from participants’ subjective estimation. Similar to the
map sketch task, it is still under dispute to what extent the cartographic information
(taken from the drawing of the participants) actually represents the mental map.
Given the strengths and limitations of these methods, the current study assessed
the mental map with a combination of all three.

2.3.

Paper map and its effects on environmental cognition

In a wayfinding task, cartographic map is one of the most effective tool [22].
People use the map prior to the navigation to get an overview of the environment,
and often use it constantly during the process to monitor and adjust their behaviour.
The design of a map can have a huge effect on its usability. For example, Levine et
al. [19] conducted a research on “you are here map” and suggested that good
structure matching and positioning principles maximize the readabilities of maps.
For example, people are able to read a map easier if the map adopts the concept of
forward-up equivalence, which is the principle that the forward direction that the
user is facing should be the upward direction on the map, so that what is on the right
side of the map is also to the right of the user. These principles not only affect
traditional paper maps, but also the digital map systems today.
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Besides the layout of maps, many studies have further investigated into how use
of paper maps affects people’s environmental cognition in a wayfinding task. For
example, Thorndyke [31] conducted a study comparing the spatial knowledge
acquired from paper maps versus from direct navigation. He found out that map
users did better in judgments for relative location and straight-line distances, while
participants who learned from direct navigation were better at orienting themselves
with respect to unseen objects, and at estimating route distances. He concluded that
paper map made it easier for users to learn survey knowledge, which is about the
global, cartographic-map-like spatial relationship. Direct navigation, on the other
hand, made people learn procedural knowledge (or sequential knowledge as used in
other papers) that connects different locations while they travelled through the route.
This study indicated that navigation aid seems to have an effect on people’s
environmental cognition, and inspired many subsequent studies.

2.4.

Mobile navigation aids’ effects on environmental cognition

With the rapid growth of computerized technology in the last decades, many
mobile navigation aids have been developed, both for vehicle drivers and for
pedestrians. Besides numerous studies that focused on the usability, safety, and
performance issues, some have investigated how these new technologies affect
people’s environmental cognition.
Studies on in-car navigation systems have indicated that they did affect user’s
behaviour patterns. For example, Srinivasan & Jovanis [30] found that drivers
reacted faster when they used electronic map, compared to paper maps. Lee &
Cheng [17] compared drivers using paper maps versus portable navigation system
in a real driving task. They found out portable navigation system users were better
in terms of efficiency and performance.
But does the behavioural difference affect users’ environmental cognition?
Burnett et al. [5] compared the acquired spatial knowledge between drivers with and
without the turn-by-turn vehicle navigation system. They found out that mobile
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system users remembered fewer scenes, were less accurate in the ordering of
pictures taken on the route, and sketched much simpler map than people who used
traditional paper maps. They concluded that the use of the new navigation aid in
fact hindered the formation of mental map. Leshed et al. [18] conducted an
ethnographical study and indicated that there was indeed disengagement from the
environment when in-car GPS system was used. They attributed this finding to
driver’s lack of motivation to know where they were, to attend to landmarks, and to
interact with people to get help. However, they also indicated possibilities of new
kinds of engagement. People were able to discover landmarks that were not visible
from the road with the help of new navigation system. Also, drivers were more
willing to explore unfamiliar areas because they felt safer with GPS system in car.
Does the mobile navigation aid affects pedestrians in the same way as it affects
the drivers? There has not been so many research on pedestrians’ use before
recently, but more and more researchers have started their works thanks to the rapid
development of mobile technologies. An earlier study by Aslan et al. [1] compared
a PDA-based mobile navigation systems and paper maps and found out that paper
map users were more accurate in recognising the landmarks along a route in the zoo.
However, other findings were not significant so they stated that the spatial
knowledge acquisition was more complicated and further investigation was needed.
In a later study by Parush et al. [26], they proposed a hypothesis that “spatial
knowledge acquisition was degraded while performing wayfinding with automatic
navigation assistance”. However, this hypothesis was not well-supported by
previous literature, and their logic of testing seemed to be flawed in their
experiment because they simply tested the solution for it as if the hypothesis had
been proven.
The first convincing and thorough study of pedestrians’ use of mobile
navigation systems came from Ishikawa et al. [13]. They compared participants’
behaviour in a city navigation task in which the participants had to use featurephone-based GPS navigation aid, direct navigation, or paper maps. They found out
that GPS users travelled longer distance, made more errors, and walked slower in
their navigation task. The GPS users also rated the task as more difficult, compared
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to the participants who learned by direct navigation or by the aid of paper maps.
However, most of the participants had never used mobile navigation aids prior to
the study, so the results, despite being interesting, were vulnerable to questioning.
Later, Willis et al. [33] conducted a study comparing feature-phone-based
mobile navigation system and paper maps, also in a city navigation task. However,
this study required the participants to use the map in the learning phase first, and
then to perform an estimation task on the distances and directions to various targets
in the real settings. The results indicated that mobile map users did worse on
estimating route distance. In addition, only mobile map users showed variations in
their configurationally knowledge between different types of locations. The authors
attributed these findings to the fact that “mobile map users acquire a more
fragmented and regionalised representation based on strong connections between
locally clustered landmarks along the route”. Interestingly, they also analysed the
map sketches after the learning phase. Mobile map users seemed to draw only the
main route and attach the landmarks to it. Paper map user, in comparison, depicted
the whole area with the 2D grid system of streets. This probably indicated that
mobile map users’ mental map was more procedure-knowledge-based, and paper
map users’ mental map was more survey-knowledge-based.

Although these studies have provided important insights about how different
navigation aids might affect users’ environmental cognition, few of them, however,
have investigated in detail the use patterns adopted by pedestrians. Moreover, none
of them use current commercial smart phones, which provide far more functions
than those used in their studies. The implications of their results have thus become
limited today. The present study therefore aimed to fill the gap by providing
empirical data on how pedestrians use current smart phone map app. Moreover, we
hoped that by comparing the use of paper maps versus mobile phone map app, the
effects of different navigation aids on environmental cognition can be revealed and
explained in light of the observation and findings from this study.
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CHAPTER 3.

3.1.

METHODOLOGY

Aims and Objectives

The aim of this study is to compare how pedestrians use mobile phone map app
versus paper maps in a wayfinding task and how the differences, if any, affect their
environmental cognition. In mobile apps, the map size is smaller, restricted by
device screen size. Users may cope with this problem by zooming with gestures and
scanning through areas. Nevertheless, representation of spatial information is
expected to be more fragmented. On the other hand, GPS positioning enables
mobile map users to locate themselves much easier. Even without landmarks or
street names, they can confirm whether they are on the correct way by seeing the
icon/cursor of where they are and how they are progressing on the designated route.
In contrast, paper map users may build a better mental model of the overall spatial
relationships of the location they are in, but locating themselves on a static paper is
more effortful. These differences lead us to propose two hypotheses.

Hypothesis 1: Different navigation aids will result in distinct behaviour
patterns: paper map users are expected to “read, memorize, and walk”, while
mobile map users will exhibit a “follow and look around” pattern.
People using paper maps will need to locate themselves to know where they are
on the map, especially around critical points at which they have to make turns.
Therefore, they are likely to use the map more frequently around crossroads.
However, there is no point to read the map between those critical points. They only
have to remember where the next critical point is. Hence, it is reasonable to predict
that paper map users will read the map, memorize the route, and carry out the walk
until they arrive at the next critical point. On the other hand, self-locating is easy, if
not effortless, on mobile phone. It is therefore reasonable to assume that mobile
map users will delegate the majority of navigational task to their phones. By doing
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so, all they have to do is to simply follow GPS positioning to complete the route.
We therefore propose that they might look up the map more often. Furthermore,
instead of searching for landmarks or street names at turning points, they will be
looking around freely and check the map whenever they want to. The positions of
using maps, as a result, will not cluster around the crossroads.

Hypothesis 2: People with different navigation aid will attend to—and
therefore remember—different environmental information. Paper map users
will attend mostly to cues that are relevant to orienting themselves in situ. In
comparison, mobile map users will have better memory of contextual
information (e.g. street views, styles of houses).
Because paper map users are more likely to look for certain kinds of information,
they will remember them better. These include on-map landmarks, restaurants,
shops, and street names. Besides, they are more likely to recall the number of turns
they made. Due to larger map size, a more accurate sense of the overall spatial
configuration, like the shape of the route, is also expected. On the contrary, the
mental map of mobile map users will be more fragmented. However, more frequent
look-around behaviour should enable them to remember more contextual
information: street views, styles of houses, other pedestrians, to name a few.
To test the hypotheses, the following study was designed.
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3.2.

Method

To test our hypotheses, it is necessary to collect data about people’s use of the
different maps while walking and their subsequent memory for aspects of it. The
participants were separated into two groups: “mobile map” and “paper map”. All the
participants did the pre-study survey first. They then used one particular kind of
map, according to which group they were in, to do a navigation task on a designated
route and completed a post-navigation survey. Finally, they did a recognition task
which aimed at testing their memories.

Participants
Twenty-eight participants (14 female), aged between 21 to 37 years, with a
mean of 26.6 years, were recruited from internet-based survey to take part in this
experiment. They were then split into two groups of 14 (seven female in each) by
gender, spatial ability, and familiarity with navigation system. A participant must
rate themselves as at least “moderately familiar” with particular navigation system
to be assigned to the group which requires them to use it. All the participants were
not familiar with the area of study prior to participating. They received £5 in each of
the two experiment sessions.
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Route

Fig. 3.1 – The route selected in this study

The route from a restaurant, Honey & Co on Warren Street, to Rococo
Chocolates Marylebone on Moxon Street in Fitzroy, central London was selected
for the study (see Fig. 3.1). This was the default route that google map would
suggested when the starting and the finishing point were specified. The first half
passed through a mix of apartments, small restaurants and shops. It was also more
zigzag than the second half, which was a posh but monotonous straight path along
embassies and residential area on Weymouth Street. At the end, the atmosphere was
vibrant again with shops and more people near Marylebone High Street. The route
had six turns in total. Three of them (the first, third, and fifth turns) were T-turns
where participants had to decide to turn left or right. At the other three turns (the
second, fourth, and sixth turns), they had to decide whether they would make a turn
or keep straight on. Besides the varieties of areas and geometric composition, this
route was selected also because it was less travelled by potential participants while
the starting and finishing points are conveniently accessible by bus or underground.
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Additionally, there was no standalone public map on this route, so the participants
had to rely solely on their navigation aid.

Materials
Pre-experiment survey
A web-based survey was conducted before the experiment (see Appendix III).
There were three parts in this survey. In the first part, the participants were asked to
report their use of mobile devices, their favourite mobile navigation app, and their
familiarity and frequency of using paper maps and mobile phone map apps. The
second part was based on the Santa Barbara Sense of Direction Scale (SBSOD), a
self-report measure of environmental spatial ability, developed and validated by
Hegarty et al. [12]. The participants provided their general information in the third
part. All the information was used to assign the participants to either of the two
experimental conditions so that all the participants were familiar with the navigation
system and there was no significant spatial ability discrepancy between the two
conditions.

Navigation task
Mobile map app and mobile devices
Google map app was selected as the standard app in the mobile phone map
app condition because over 70% of potential participants listed it as their
most-frequently-used navigational aid. Two versions of google map apps,
for Android and for iOS, were used in this study. Given the similarities
between the functions and interface designs of both versions, it is very
unlikely that different platforms will affect the results. Each participant in
the mobile map group was instructed to run corresponding version of google
map app on their own smartphone, with a 3.5”-5” touch screen. No tablets
were allowed in this study to avoid effects of different screen sizes. Internet

- 18 -

access and GPS positioning were switched on during the whole navigation
process for google map app to work properly. In two cases where the
participants had problem connecting to the Internet, the researcher used his
own mobile phone as a Wi-Fi hotspot for those participants to get connected
on their own smartphone.
Paper map
To minimize the effect of different layouts, a printout of google map
snapshot was used in the paper map condition (see Appendix IV). The map
was 19cm×19cm in size, printed on a horizontal A4 white paper and put in a
transparent folder to prevent water stain. The scale and level of details was
17z as denoted by google map website’s URL. This was decided so that the
starting and finishing points could fit into A4 paper, and the information can
be comfortably read on the move in general outdoor setting. The route was
indicated on the map with a blue dotted-line exactly the same as on mobile
phone.

Post-navigation survey
A two-page questionnaire was used immediately after the participants finished
the navigation (see Appendix V). In the first part, participants were asked to
evaluate subjectively on a seven-point Likert scale the difficulty of the navigation,
difficulty of locating themselves, their environmental awareness, and how well they
remembered the route. In the second part, participants estimated how much time the
navigation took, how many turns they made, how much time they spent on looking
at the map, and the number of times they looked up the maps. In the third part, they
were instructed to draw in a blank square a map that shows the route from the start
point (near Warren Street) to the finishing point (near Marylebone High Street) and
indicate the turns, landmarks, shops, street names, and anything they could
remember along the route.
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Recognition task
Material for recognition
In the recognition task, 90 pictures (five in the practice block; 45 and 40 in
the two experiment blocks, respectively) were presented to the participants
(see Appendix VI). There were four types of pictures: street names, street
views (including google map street view snapshots and pictures taken by the
researcher), shops and restaurants, and landmarks. Around half of the
pictures in each type were “Yes” pictures, which were taken on the
designated route. The other half were “No” pictures taken elsewhere in
nearby area in Fitzroy. The pictures were selected carefully to prevent
confusion. For example, a “No” picture of street name would only show the
street sign of one street that was neither on nor crossing the designated route.
Similarly, a “No” picture of restaurant would only show a restaurant that had
no branch store on the designated route, or on the way to the underground or
bus station from the finishing point.
The pictures were shown for seven seconds each, in a random order. A twosecond black screen preceded every picture. There was a one-minute break
between the two experiment blocks.
Display device
The materials for recognition were displayed on a 15” laptop (SONY VAIO
SVS151E2AP) on a table. The participants were instructed to adjust the
laptop’s position and angle so that they could look at it comfortably and
clearly. All the pictures were shown in full scale that their height filled up
the screen.
Answer sheet
The participants were asked to tick the “Yes” or “No” boxes on an A4
answer sheet (see Appendix VII) according to whether they remember the
information presented in the picture.
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Design
A one-factor between-subjects design was used. The independent variable was
the type of navigation aid which had two conditions. In the “mobile map” condition,
the participants used google map app on their own smart phone to do the navigation
task. In the “paper map” condition, the participants were given the standard paper
map to find their way to the destination.
There were both qualitative and quantitative dependent variables. During the
navigation task, qualitative data were collected regarding how participants used the
navigation aid. Quantitative data were collected for where they looked and for how
long. In the post-navigation survey, the qualitative data comprised types of map
sketched and the environmental description and the quantitative data consisted of
their subjective ratings of task difficulty, estimation of turns and time, and numbers
of street names, landmarks, shops, restaurants, and subjective adjectives. Accuracy
in recognition task, on the contrary, indicated solely quantitatively how well they
remembered different types of information.

Procedure
There were two experiment sessions in this study. Each participant carried them
out individually in the companion of the researcher.
All first sessions were conducted between 9 am and 5 pm on weekdays. In the
first session, participants read the written instruction (see Appendix I) and gave
their consent (see Appendix II) at the Main Entrance of University College London
(UCL). The researcher then led them to the starting point on Warren Street. The
participants in the paper map condition were given the paper maps, and the
participants in the mobile map condition were instructed to find the route from
Honey & Co to Rococo Chocolates Marylebone with google map app on their
phone. After confirming the route to the destination, the researcher told the
participants to start the navigation task as “how you normally would do it if you are
here and want to use this map to go to Rococo Chocolates Marylebone.” The
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researcher then “shadowed” the participants and took notes of where and for how
long the participants looked at the map. No further instructions were given during
the navigation even if the participants took the wrong way. Also, the participants
did not know in advance what they had to do after finishing the navigation task.
After the participants arrived at the destination, they were then instructed to
complete the post-navigation survey. They were then paid £5 and were told not to
visit the same area before the second session. The total duration was between 25 to
45 minutes.
The second experiment session, recognition task, took place in a quiet indoor
environment three to seven days after the first session. The researcher explained and
guided the participants to do the practice block. Fully understanding what to do, the
participants completed the experimental blocks on their own. They were then paid
another £5 and were debriefed about this study. The total duration of the second
session was about 25 minutes.
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CHAPTER 4.

RESULTS

In this section, the general objectives will be presented first, followed by the
data testing our two hypotheses. Some unexpected findings emerging from this
study will be presented at the end. For all the statistical tests, an alpha level of .05
was used.
The main findings generally confirmed our hypotheses. Indeed, there were
differences between paper map and mobile map users’ behaviour patterns. Although
the overall walking time, the numbers of map look-ups, and the time spent on map
look-ups did not differ significantly, the analysis of participants’ usage behaviour
revealed that they tended to look at the map at different places on the route. Paper
map users looked up the map at critical turns while mobile map users after those
turns. Their environmental cognition, despite some mixed results, also differed
significantly. Participants who used mobile maps remembered the street views
better than those who used paper maps, while paper map users indicated more street
names on the map they drew. More interestingly, further analysis of the map
sketches suggested that people using mobile maps might engage in an emotionallyricher navigation, which was a good addition to our original two hypotheses.

4.1.

General objectives

4.1.1 Sense of direction
The participants’ sense of direction was assessed with SBSOD in the pre-study
survey. The participants rated themselves on a seven-point Likert scale. Between the
two conditions, there was no significant difference in the sense of direction (see
Table 3.1), indicating any differences found in this study were unlikely to be caused
by the discrepancy of the participants’ spatial ability.
Table 3.1 - Sense of direction
Dependent variable
Sense of direction (out of 7)

Condition

M

SD

t(26)

p

Mobile map

3.45

0.63

0.90

0.12

Paper map

3.42

0.22
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4.1.2 Navigational aid usage
Due to high popularity of mobile navigation aids today, the familiarity and
frequency of using assigned navigational aid still differed even if special care had
been taken when assigning participants to the conditions. It was difficult to find
participants who used paper maps as frequently and skilfully as mobile map. As a
result, the participants in the paper map condition had lower familiarity and
frequency of using paper maps, compared to how participants in the mobile map
condition used google map app (see Fig. 3.1 and Fig. 3.2). Note that, the
participants still had to be at least “moderately familiar” to be assigned to respective
condition so that they did not have to learn how to use a novel navigation aid.

Fig. 3.1 - Frequency of using assigned
navigational aid

Fig. 3.2 -Familiarity of using
assigned navigational aid
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4.2.

Hypothesis 1: Difference in navigational behaviour

To test our first hypothesis, data from the navigation task were gathered and
analysed. The data included how much time the participants spent on walking, how
much time on looking up the maps, and where they used the maps. For hypothesis 1,
we proposed that mobile map users would have a “follow and look around”
behaviour pattern while paper map users would “read, memorize, and walk”.
Therefore, we predicted mobile map users would look at the map more frequently,
but their lookups would not cluster around the critical crossroads. In contrary, paper
map users were expected to look at the maps less frequently. When they did read the
map, it was expected that they would do it mostly around points where they had to
make turns.

4.2.1 Duration of navigation task
The duration of navigational task was tested using a t test (see Table 3.2). No
significant differences were found between the two conditions. Also, the selfestimated duration did not differ significantly. This was in line with previous studies,
probably because of huge individual differences as indicated by the standard
deviation. The accuracy of self-estimation was also calculated by subtracting actual
duration from the self-estimation. Again, the t test showed that different aids were
unlikely to influence the accuracy of duration estimation.
Table 3.2 - Actual and self-estimated durations of navigational task
Dependent variable
Condition
M
SD
t(26)
Actual duration (s)

Self-estimated duration (s)

Differences (s)

Mobile map

1057.7

286.2

Paper map

933.1

119.4

Mobile map

1094.1

369.0

Paper map

1011.4

305.8

Mobile map

36.4

348.1

Paper map

78.3

246.4
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p

1.50

0.14

0.65

0.52

-0.37

0.72

4.2.2 Number of map lookups
The t test analysis of number of map lookups went against our hypothesis. There
was no significant difference between the two conditions (see Table 3.3), although
the average number was slightly higher for mobile map users. There was no
difference in their self-estimation, either. Interestingly, it was significant that the
participants in both conditions underestimated their number of map lookups when
tested with t test (H0: The discrepancy between the actual and self-estimated
number of lookups was zero, see Table 3.4).
Table 3.3 - Actual and self-estimated number of map lookups
Dependent variable
Condition
M
SD
t(26)
Actual (#)

Self-estimated (#)

Mobile map

26.3

11.8

Paper map

22.9

13.1

Mobile map

9.5

4.9

Paper map

12.7

5.7

p

0.73

0.47

-1.58

0.13

Table 3.4 - Do people underestimate it? Difference between actual and
estimated number of map lookups
Dependent variable
Condition
M
SD
t(13)
p
Differences between actual Mobile map
and estimated numbers (#)
Paper map

-16.8

13.5

-4.66

0.0004*

-10.1

14.1

-2.68

0.0188*

* p < .05

4.2.3 Total duration of map lookups
Because there was not any difference in the number of map lookups, further
analysis of total durations of map lookups was carried out. Again, there were no
significant differences between the two conditions (see Table 3.5). However, there
was an interesting trend. Despite the mean number of lookups being lower for paper
map users, they spent, on average, longer time looking at the map in the navigation
task.
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Table 3.5 - Total durations of map lookups
Dependent variable
Condition
Duration (s)

M

SD

t(26)

p

Mobile map

144.1

64.4

-1.41

0.17

Paper map

188.4

98.3

Fig. 3.3 – Quantitative measures of participants’ behaviour in the navigation
task. No significant difference was found between the two conditions.

4.2.4 Locations of map lookups
To test whether mobile map users and paper map users looked up the map at
different places, all the data regarding where and for how long the participants
gazed at the maps were collected. However, the enormous amount of raw data made
it difficult to be analysed or understood. Infographic, which aims at visually
representing complex information in a clear way, was therefore chosen in order to
make these data comprehensible. For each condition, all the data were plotted onto
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the route in a single infographic, where each circle represented one lookup by one
participant. The diameters of the circles denoted the duration of the lookups, and
their scales were according to the average speed of the participants so that each
circle roughly covered the area where the lookup took place. In addition, because
the circles were semi-transparent, the darker one area was, the more lookups
happened there. As a result, each infographic summarized the behaviour patterns of
the participants in the respective conditions (see Fig 3.5 and Fig. 3.6).

Fig. 3.5 - Paper map users’ behaviour
pattern. P1 shows they looked up the
map at the turns.

Fig. 3.4 - Mobile map users’ behaviour
pattern. M1, M2 and M3 shows that
they looked up the maps after the turns.
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As shown here, the behaviour patterns of the two conditions shared some
similarities. At the route’s starting point and the beginning of the long section along
Weymouth Street (M3 in Fig. 3.4 and P2 in Fig. 3.5), most participants checked the
map for a considerable length of time, hence the darker and larger dots. This can be
easily understood by common sense that they were trying to build up a mental map.
At other crossroads, however, the participants behaved very differently in the
two conditions. For example, at the most complicated crossroad where four streets
converged, most paper map users looked up the map there (see P1 in Fig. 3.5),
probably deciding in situ which road to take next. No such effect was found in
mobile map users. In fact, they seemed to look up the maps after they had passed
that crossroad for some time (see M1 in Fig. 3.4). Similar effects could be seen in
M2 of Fig. 3.4, where people looked up the maps after they passed it. These
findings were consistent with our hypothesis that they would look up the maps at
different places.
However, when comparing their behaviour in the second half along the
Weymouth Street, some significant differences went against our hypothesis. Paper
map users checked the map frequently throughout this section and especially toward
the end (see the dark dots at P3 in Fig. 3.5). In contrast, mobile map users hardly
looked at the map near the destination, as if they already knew exactly where to go.
This was inconsistent with our prediction that mobile map users should look up the
maps more often, indicating the need to amend our original hypothesis.

4.2.5 Self-evaluation in the post-navigation survey
Subjective data regarding how well participants used the navigation aids were
also collected in the post-navigation survey. These self-evaluation data were tested
by a t test (see Table 5). Paper map users generally considered locating themselves
in situ easier. They also rated themselves as slightly more aware of the environment.
However, these differences of the subjective evaluations were not statistically
significant.
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Table 3.6 - Self-evaluation of the navigation task in the post-navigation survey
Dependent variable
Condition
M
SD
t(26)
p
Ease of navigation task

Ease to know where they were

Environmental awareness

Memory of the route

Mobile map

6.43

0.70

Paper map

6.32

0.54

Mobile map

4.78

1.93

Paper map

5.50

1.61

Mobile map

4.79

1.15

Paper map

4.90

1.18

Mobile map

4.62

1.56

Paper map

4.62

1.72

0.45

0.66

-1.07

0.30

-0.27

0.79

0.00

0.99

To sum up, these findings indicated that, indeed, differences existed between the
two navigation aids. Nevertheless, some results were not significant, and some
others even at odds with our predictions. These findings will be addressed later in
the general discussion section.

4.3.

Hypothesis 2: Difference in environmental cognition

Hypothesis 2 predicted that the participants in the different conditions would
attend to different aspects of environment. To test it, two types of data were
collected: sketch maps and the recognition rate in the picture recognition task.
4.3.1 Qualitative analysis of map sketches
Participants’ map sketches indicated they might build different types of mental
maps. Fig. 3.6 and Fig. 3.7 illustrate these differences. Paper map users were more
likely to depict roads and streets that they did not pass, and therefore expressed a
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Fig. 3.6 - Examples of maps sketched by paper map users. More crossroads
and more accurate overall configuration make it more “spatial”.

Fig. 3.7 - Examples of maps sketched by mobile map users. They are more
“linear” because only the main route was sketched out, with descriptions
along it.
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sense of space. These sketches were also more accurate in terms of the relative
lengths of road segments, angles of the crossroads, and number of the turns. In
contrast, most mobile map users only drew the route they take and then added
descriptions to it. Their sketches, as a result, were more “linear” rather than
“spatial” in Rovine et al.’s classification. [29]
The orientations of the map sketches also differed. In paper map users, there
were only two orientations: the “west-up” and the “north-up” types. It probably
reflected how the participants held the paper maps. With the north-up maps,
participants can best read the words on the paper map. The west-up maps, on the
other hand, enabled participants to follow the route easily because it obeyed the
“forward-up equivalence” rule [19] when they travelled along Weymouth Street. In
contrast, mobile map users drew maps in all directions (e.g., a “south-up” map on
the left of Fig. 3.6), probably because they did not view the map in a fixed
orientation.
As can be seen here, the descriptions on map sketches also seemed to be
different between the two conditions. This will be further addressed by quantitative
analysis in the following part.
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4.3.2 Environmental elements in post-navigation survey and map sketches
Number of turns
In the post-navigation survey, the participants were asked to recall the number
of turns. The turns in their map sketches were also counted. No significant
difference in these numbers was found between the two conditions using t tests (see
Table 3.7).

Table 3.7 - Number of turns in the estimation and map sketch
Dependent variable
Condition
M
SD
t(26)
Recalled number of turns

Mobile map

6.93

3.75

Paper map

5.71

0.99

5.36

1.82

6.42

1.40

Number of turns in the Mobile map
map sketch
Paper map

p

1.17

0.26

-1.74

0.09

However, when calculating the accuracy (defined as the absolute value of the
difference between the participant’s answer and the correct number of turns, which
is six), the numbers recalled by paper map users (M = 0.57, SD = 0.85) were
significantly more accurate than mobile map users’ (M = 2.36, SD = 3.00), t(26) =
2.14, p = .04. This finding suggested paper map users were probably more
consciously aware of the turns they made, while mobile map users just followed the
path. Yet no significant difference was found in the accuracy of the sketched-out
turns between the paper map condition (M = 0.86, SD = 1.17) and the mobile map
condition (M = 1.07, SD = 1.59), t(26) = 0.41, p = .69 (see Fig. 3.8), probably due
to variations in drawing precision.
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Fig. 3.8 - Accuracy on the number of turns. Paper map users’
estimations were significantly more accurate.

Street names
A t test was conducted to compare the numbers of street names in the
participants’ sketches between the two conditions. Again, The number of street
names that paper map users mentioned in their drawing (M = 2.36, SD = 2.06) was
significantly higher than mobile map users (M = 0.86, SD = 1.03), t(26) = -2.44, p
= .022, indicating paper map users might be more aware of the streets when they
were walking (see Fig. 3.9).

Fig. 3.9 – Number of street names in map sketch. Paper map
users indicated more street names in their sketches.
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Shops and landmarks
The numbers of shops and landmarks in the participants’ sketches between the
two conditions were also compared using t tests. However, the differences were not
significant (see Table 3.8), probably due to huge individual differences in choosing
what to draw in the map sketches.

Table 3.8 - Number of shops/landmarks in the map sketch
Dependent variable
Condition
M
SD
Shops (#)

Landmarks (#)

Mobile map

1.50

1.40

Paper map

2.36

2.10

Mobile map

1.86

1.23

Paper map

1.93

1.59
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t(26)

p

-1.27

0.21

-0.13

0.90

4.3.3 Environmental memory in picture recognition task
Unlike the map sketch task, in which participants recalled what they had seen on
the route and presented the information as they wanted, the picture recognition task
gave a more objective evaluation of the participants’ recognition memory. Four
types of pictures were included in the recognition task: street views, street names,
shops, and landmarks. Of each type, around half of the pictures were “Yes” pictures ,
which were taken on the route, while the other half were distractors, i.e., “No”
pictures. For each picture, participants were instructed to judge whether they had
seen it on the route or not.
To eliminate the effect of response bias, the sensitivity index (d’) in signal
detection theory (SDT), instead of percentage of correct responses, was used to
represent participants’ performance [11]. It was defined as follows:
d' = z(H) - z(FA),
where z(H) is the z score of the hit rate (the rate of correct “Yes” responses to all
“Yes” pictures), and z(FA) is the z score of false alarm rate (the rate of incorrect
“Yes” response to “No” pictures). In cases where the hit rate or false alarm rate
equalled to 1.0 or 0, it was adjusted to 1-(1/2N) and 1/2N, respectively, where N is
the number of pictures, to make z score calculable.
The d', as a result, served as the indicator of participants’ recognition memory.
The higher d’ was, the better recognition memory they had. It works better than hit
rate alone. For example, if a participants answered “Yes” to all the pictures, the hit
rate would be a misleading 100% (1.0). The d’, on the contrary, would be 0%
because the false alarm rate was also 1.0, which indicated very poor recognition
memory—indeed, such participants did not even have to look at the pictures to
answer. The d’, unaffected by such response bias, was thus selected to denote
participants’ performance in the recognition task.
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The d’s in the two conditions were compared with t tests in regard to different
types of pictures (see Fig. 3.10). A significant difference of d’ was found in the
street view recognition, where mobile map users (M = 0.72, SD = 0.38)
outperformed paper map users (M = 0.30, SD = 0.56), t(26) = 2.28, p = .03. This
finding was consistent with our hypothesis that mobile map users would attend
more to the contextual information that did not directly help them locate themselves.
However, for street names, the difference between mobile map users (M = 1.40, SD
= 0.56) and paper map users (M = 1.28, SD = 0.58) was not significant, t(26) = 0.56,
p = .58. This was at odds with what we found in the map sketches, where paper map
users indicated more street names in their drawings. It probably resulted from the
selection of the street name pictures. In the sketches, the names they mentioned
were mostly the major ones on the route (e.g. Weymouth St., Great Portland St.).
But in the recognition task, many minor streets were also presented and thus
influenced the result. For shops, no significant result was found, either, between the
mobile map condition (M = 0.17, SD = 0.62) and the paper map condition (M =
0.26, SD = 0.65), t(26) = -0.39, p = .70. Similarly, there was no significant
difference between the recognition memory of the landmarks between the mobile
map users (M = 1.31, SD = 0.49) and the paper map users (M = 1.21, SD = 0.54),
t(26) = 0.50, p = .62. These non-significant results were probably caused by
ceiling/floor effect from questions that were either too easy or too difficult, as
shown in Fig 3.10.

Fig. 3.10 – Performance in the picture recognition task. The mobile map
users did significantly better in recognising street views.
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4.4 Unexpected findings: Emotion-richer navigational experience
for mobile map users?
When analysing the map sketches, we noticed that the participants in the two
conditions described the environment in very different ways. In addition to numbers
of street names, landmarks, and shops as proposed in our hypotheses, we found,
unexpectedly, mobile map users seemed more likely to use subjective and emotional
descriptions in their map sketches. Table 3.9 illustrates some examples of such
difference.
Table 3.9 – Subjective and emotional descriptions in the map sketches
Mobile map users

Paper map users

Subjective/emotional Beautiful trees
Beautiful mew
descriptions
Beautiful houses

Beautiful houses
Beautiful shops and signs

Nice flowers
Nice car Porsche
Nice bar on the left side
Nice bar

Nice period houses
Nice cafe
Strange cars

Amazing high street
Cool shops
Posh houses
Posh residential area
Boring
Boring buildings
Confusing buildings
How can a street with so little shops
called High street?
First person
descriptions

I took a picture

No easy pass so I had to
cross

I stopped here
I stopped here (truck stopped as well)
I made a turn
The map tells me the wrong store so I
looked at the map again
I took the wrong way
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To investigate whether this new finding was simply due to some participants’
description styles, a chi-square test of independence was performed to compare
between

the

two

conditions

whether

or

not

each

participant

used

subjective/emotional descriptions in the map sketch. The test result was significant,
𝜒2(1, N = 28) = 5.14, p = .02. Mobile map users were more likely to use
subjective/emotional descriptions in their map sketches (see Fig. 3.11). This finding
suggested mobile map users might not only attend to the contextual environment
more, but also immerse themselves in an emotion-richer navigational experience
better than paper map users. As for first person descriptions, the chi-square test
could not be performed because some expected values were smaller than five.
Instead, Fisher’s exact test was carried out to examine whether mobile map users
were more likely to use first person descriptions in their map sketches. The result
was only marginally significant (p = .08, single-sided Fisher’s exact test), probably
because the Fisher’s exact test was more conservative (see also Fig. 3.11).

Fig. 3.11 – Participants’ descriptions in their map sketches.
The mobile map users were more likely to use
subjective/emotional descriptions than paper map users.
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CHAPTER 5.

DISCUSSION

This study compared pedestrians’ behaviour of using paper maps versus mobile
phone map app during a navigation task. Their environmental cognition was also
investigated through their map sketches and the recognition task. Overall, the results
revealed that there were differences between people using different navigation aids,
which was consistent with our two hypotheses. Still, some results did not go as the
hypotheses would predict, while some unexpected findings suggested future
implications.

5.1.

Hypothesis 1

Hypothesis 1 proposed that people using different navigation aids would have
different behaviour patterns: mobile map users would “follow and look around”
while paper map users “read, memorize, and walk”. Therefore, we predicted that
mobile map users would look at the map more frequently than paper map users. In
addition, there would be differences as to where they looked at the maps: paper map
users around the turning points and mobile map users, wherever they would feel like.
The main result was that people did look at the map at different places. In p
articular, paper map users looked at the map at the critical turning points, as we had
predicted. Many of them stopped and referred to the environmental cues to decide
whether they should make a turn or not. In contrast, mobile map users did not
looked at the map at those points. Yet, unlike what we had predicted, the places
where they looked at the map did not scatter randomly along the whole route, but
rather, came after those turning points. When asked about possible explanations of
this finding in the informal post-study interview, some participants suggested that
they always do so because “it is easier to check whether I am on the correct path
when I am not at the crossroads”. Rightly so. The GPS positioning has made it
easier for users to know where they are. However, as to where they should heading
for, the users still have to make their efforts to match the information in the map to
the environment like what they must do when using a paper map. It seems that,
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instead of working in the traditional way, the users adopted another strategy when
using mobile map apps. Taking advantage of lower cognitive load when using GPS
to locate themselves, some participants seemed to exhibit a “trial and error” pattern.
They tried a street first, and then checked whether it was correct or not with GPS
feedback. This strategy might also explain why in previous studies, participants
with mobile navigation aids travelled longer distances and made significantly more
errors [13]. Nevertheless, this explanation needs further investigations to validate.
Although it seems to be a plausible explanation to account for our data, there might
be other reasons, such as delay of GPS positioning, that resulted in this behaviour
pattern.
The numbers of map lookups, on the other hand, were not consistent with our
predictions. Although the mean was indeed higher for mobile map users, it did not
reach the significant level of .05. There were two possible reasons. Firstly, the
participants differed a lot in the way they used maps. Some took three glances in the
beginning and then completed the whole route, while some kept their phones or
paper maps in front of their eyes almost all the time. Such variances, as can be seen
in the SD, probably made it more difficult to get statistically significant results. For
in-the-wild studies that could not be controlled as well as laboratory studies, it
seems more participants are generally needed to get significant results. This reason
probably also applies to our findings about the overall navigation duration. The
mean for mobile users was higher, but again, it did not reach the significant level. In
previous studies that reached significant level [13], Ishikawa et al. recruited 66
participants, comparing to 28 in our study. Secondly, our hypothesis might have
overlooked possible differences between the two conditions. Instead of “read,
memorize, and walk”, it might be “read, memorize, walk, and monitor”, which
better captured the paper map users’ behaviour. This can be confirmed by Fig. 3.5,
where a lot of smaller dots indicates that there were many quick lookups. These
lookups, which were too quick to be careful reading, may be the evidence of selfmonitoring out of feeling unassured. This might explain why we underestimated the
number of lookups in the hypothesis, and suggest further investigation into different
navigation aids’ effect on self-monitoring behaviour in wayfinding task.
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An interesting finding also emerged from our analysis: both paper map users
and mobile map users underestimated the number of times they looked at the maps.
Are people so familiar with using these tools that we become less aware of it, as if
they are part of us? What kind of design of navigational aid can better support this
immersion experience? These are all interesting questions for further investigation,
and they might also inspire the development of new navigation aids that are based
on people’s behaviour patterns.

5.2.

Hypothesis 2

Hypothesis 2 proposed that people with different navigation aids would attend to
different information in the environment: paper map users to cues that help them
find where they are, and mobile map users to more contextual information as a
result of their “follow and look around” behaviour pattern.
The results were generally in agreement with our hypothesis. There were three
main findings. First, participants in the two conditions drew very different types of
maps, which probably reflected different spatial mental models: paper map users
more “spatial” and mobile map users more “linear” [29]. Second, quantitative
analysis of the map sketches and post-navigation survey revealed that paper map
users indicated more street names in their drawings. Besides, they also remembered
the numbers of turns more accurately than people using mobile maps. Third, in the
recognition task, there was no difference in the recognition performance of
landmarks, shops, or street names. However, mobile map users had a significantly
better memory over the street views, which, as we interpreted it, indicated that
mobile map users might have richer—if not more accurate—navigation experiences
that consisted not only street names and directions but also views and details in the
environment.
The findings that participants with different navigational aids created different
types of map sketches was generally consistent with previous studies by Willis et al.
[33]. Although the details of navigation task were different between the two studies,
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similar features were found in the mobile map user’s drawings, with only the main
route attached with other landmarks. However, the paper map users’ drawing in the
current study seemed to be different from what Willis et al. observed in their study.
Their participants had even more “spatial” sketches with the grid system of streets,
probably due to the fact that they had a 2-minute map-reading free learning phase
prior to the sketch task. Also, they asked the participants to redraw the map, but our
instruction required the participants to “draw a map showing the route” immediately
after the navigation task. Despite of these differences, it can be inferred from the
results of both studies that paper map users seem to build a more accurate and more
survey-knowledge-based mental map.
Similarly, paper map users also performed more accurately in their recall of
number of turns after the navigation task. This provided further evidences that they
might be more aware of the nodes, which are the critical points in Lynch’s theory of
five elements that constructed our mental maps [21]. However, there were also two
alternative explanations. The participants might remember those turns better
because they spent longer time there, or they might have “read” their visual memory
of the paper map (which is less fragmented and thus easier to read for paper map
users than for mobile map users) and counted the turns in their minds, instead of
referring to their navigation memory. Having said that, the fact that paper map users
also indicated more street names in their sketches seems in favour of our original
hypothesis over the alternatives. In fact, the lack of zooming function made paper
maps show less street names than mobile maps, yet paper maps users still
mentioned more street names in their sketches. The simplest explanation might be
that they did pay more attention to those environmental cues that helped them to
find where they were.
The results in the recognition task, on the other hand, support the other
prediction from hypothesis 2. Mobile map users had better recognition memory on
street views, supporting that they had better memory of contextual information that
did not directly help the participants find where they were. This may be attributed to
lower cognitive load when using mobile navigational aids. Mobile map users were
able to look around and attend to the environment, rather than focusing on the route
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and the maps. This finding may be of crucial importance. Firstly, it indicated that
GPS navigation aids may have a different impact on vehicle drivers and pedestrians.
Previous studies have argued that in-car GPS navigation system might disengage
the drivers from the surrounding environment [18]. When it comes to pedestrians,
however, the results from this study suggested it might be the other way around.
Secondly, in previous studies comparing pedestrians’ use of paper and mobile maps,
mobile map users always performed worse, or at least not significantly better, than
those who used paper maps. Earlier studies attributed these ( e.g. more errors, longer
travel distance and time) to fragmented representation [33] or screen size limit [13].
The finding in our study that mobile maps actually helped people experience the
environment not only contrasts strikingly with the common view that people are
focusing too much on their phone when using mobile navigation aids, but might
also accounts for their popularity nowadays beyond simple reasons like accuracy
and speed.

5.3.

Limitations

This study was conducted in-the-wild in hopes of getting results with high
ecological validity. However, due to the experiment design, the generalizability of
the results are still bounded by many limitations.
First, in-the-wild studies are vulnerable to uncontrollable confounding variables.
Be it the weather, other pedestrians, or even the timing of traffic lights, many
factors probably influenced participants’ behaviour. For example, participants were
more likely to notice a landmark if they happened to be stopped by the traffic light
next to it. The results therefore were not exempt from misinterpretation.
Secondly, the route was designated by the researcher, which is unusual in a real
life wayfinding task. We did so because it is more convenient to control the
recognition task, but at the same time it lowered the ecological validity. Usually,
when people use navigation aids in their wayfinding task, they decide for
themselves which route to take (the choices, decisions, and planning stage in a
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typical wayfinding task as indicated by Gärling et al. [7] ). Such freedom of choice
was absent in this study. Also, the features of the route might influence the result.
For example, there were no right turns on the designated route, probably reducing
the difficulty. Besides, inadequate number of landmarks and shops along the route
probably explains the floor and ceiling effect in the recognition task.
Thirdly, the way their navigational behaviour was recorded might have an
impact. For one thing, it might make participants uneasy and thus behave differently
because the researcher followed them during the whole process. For another,
recording only where and for how long the participants looked at the maps might
miss out many interesting nuances in users’ behaviour. It could have been better if
we could also record how they looked at the environment.

5.4.

Unexpected findings

It might be interesting here to consider the unexpected findings, i.e., mobile map
users were significantly more likely to use emotional and subjective descriptions in
their map sketches. Is it because they take in more contextual information? If people
are focusing on different aspects of the environment, it is reasonable that they might
experience it in very different ways. Considering how paper map users searched for
information that help them locate where they were, we were not surprised to find
them using more objective terms to describe the surrounding and listing out all the
street names. On the other hand, the mobile map users, who engaged in more
explorative look-around, may immerse themselves better in the whole navigation
experience. In other words, it might be that paper map users use the tool to get to
the destination, while mobile map users delegate the navigational effort to their
phones so that they can fully enjoy the experience. Without doubt, it may be of
value to further investigate how different navigation aids affect our emotional and
navigational experience.

- 45 -

5.5.

Future works and implications

While this study has its limitations, it is exactly these limitations, along with the
findings, that can serve as a basis for future research. Here we would like to propose
some possibilities for further explorations.
Firstly, new technology might enable the development of new navigational aids
and research methodology. For examples, wearable technologies such as google
glass, smart watches or even smart shoes [32] might reshape the concept of what a
map is. These innovations might also contribute to better study design that captures
participants’ behaviour. For example, combining the location-aware eye-tracking
[15] with google glass might enable the researchers to collect data of position, gaze
on map and gaze on the environment simultaneously. By doing so, the participants
can also explore the environment more freely, without instructions of following
certain route and without the presence of the researcher, which resembles more like
what they would do in a real life wayfinding task.
It may be even better if we investigate further into how these new technologies
affect our environmental cognition. Previous studies have indicated different
modalities of presenting information would affect vehicle drivers’ performance [20].
Does it also hold true for pedestrians? In particular, how would audio-based and 3D
navigation aids affect pedestrians’ environmental cognition and therefore
wayfinding behaviour? We believe these future works will continue to generate
important insights that technologies of new generation can build upon.
Lastly, the findings of contextual memory and emotional expressions suggested
new possibilities of navigation aids. Further research are needed on the immersion
experience and affective aspects. We anticipate that there will be more new
technologies to help users enjoy the experience rather than simply get things done.
To conclude, this study contributes to the field of human-computer interaction in
that it provides useful empirical data about different behaviour patterns when using
mobile phone map app versus paper maps. It also indicated how these differences
might affect users’ environmental cognition. In fact, the findings that mobile map
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users had better memory of contextual information may have important implications.
In contrast to the common view of over-dependency on technology, new kinds of
mobile apps actually are not dumping us down. They are simply used differently,
compared to traditional tools—in positive ways. Mobile maps, for example, may not
make people to remember the turns and the streets better. Instead, they reassure the
pedestrians and encourage them to look around and enjoy the sights by freeing up
more cognitive capacity. Whether a new technology is good or bad depends entirely
upon what lenses we view it through. Thinking of it as merely a substitute, we are
repeating the old ways and just interacting with another tool. But if we consider in
depth what possibilities these innovations can bring when they co-operate with our
minds, we might redefine the relationship as human-computer symbiosis, which is
open to new possibilities and richer experiences as one.

- 47 -

CHAPTER 6.

CONCLUSION

In this study, we compared how pedestrians used the mobile phone map app
versus paper maps when navigating through the city. Their use patterns and
environmental cognition were assessed in a navigation task, a map sketch task, and
a picture recognition task. We found that paper map users looked at the map at the
turning points, while mobile map users after those points. In addition, paper map
users were more aware of the street names and turns, while mobile map users had
better memory on street views. An unexpected finding was also discovered that
mobile map users were more likely to use emotional and subjective descriptions
when referring to the environment. In short, the paper maps users were more aware
of the environmental information that help them find where they were, and the
mobile map users engaged in more explorative behaviour, probably due to lower
cognitive load. We believe this study might shed new light for future technology
that aims at creating richer navigational experiences.
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