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Abstract

This study aims at comparing task performance on Kindle maps with different
scales and investigating the relationship among task, task performance and scale.
The study was divided into two parts. Ten tourists were firstly observed and
interviewed in the field. The findings were applied to task design and prototype
development in the experiment. Eighteen participants took part in a within-subject
experiment. They carried out four task sets on three Kindle maps and one paper
map. Participants’ response time and failure rate were recorded, subjective scores
were collected by questionnaires, and participants’ thoughts were collected through
interviews and think aloud protocol. Data was analysed by statistical tests and open
coding. Scale is proved to be relevant to tasks and task performance. Compared
with scales of 1:8,000 and 1:2,000, the scale 1:4,000 enables a quick and accurate
search on self-localisation and place localisation tasks, and gets the highest
subjective score. Scale 1:4,000 covers an appropriate area with enough contexts
and irredundant information without visual clutter on the screen, and thus it
supports visual search process and reduces cognitive load. By bridging the gap
among human-computer interaction, cartography and cognitive cartography,
findings of this study showed that scale should be chosen with the consideration of
map’s purpose and typical tasks. Useful data was also meaningful for further study
of maps on other mobile devices.
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Chapter 1. Introduction

Nowadays maps are no longer restricted to traditional papers. Although paper
maps remain a continuing popularity in modern tourism (Norrie, 2003), digital
maps are spreading to handheld devices, from mobile phones with geographic
information system to e-readers with electronic paper. However, the nature of
maps has never changed: cartographic maps are designed to represent visual
geographical information of environment (Kimerling, Muehrcke and Muehrcke,
2005) on a reduced scale (Schofield and Kirby, 1994) and a large visual display is
potentially required.
Most of the digital devices are limited by the hardware constraints such as screen
dimensions and resolution (Norrie, 2003; Norrie and Signer, 2005). Amazon’s
popular Kindle DX is one of them. Schutzberg (2008) argued that the existing
Kindle leisure maps show a small area with detailed information in greyscale
rather than a big area with general information in colour, which makes them
unusable for users who require more contexts or need to plan general route.
However, features of Kindle DX lend it well to presenting maps. Firstly, Kindle
DX possesses a high-resolution of 167 pixels per inch (PPI) (Amazon Kindle,
2010). Compared with laptops with a resolution of 100 PPI, the amount of
information covered on each square inch on Kindle DX is higher by approximately
70%. Therefore it reduces the load on eye movement and work memory when map
users are searching items on the map. Secondly, compared to devices with Liquidcrystal display, Kindle DX with electronic ink display can be read in sunlight
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(Amazon Kindle, 2010). This facet lends it to displaying spatial information in the
open air. Thirdly, Kindle DX possesses a built-in PDF reader and large storage
capacity (Amazon Kindle, 2010), which means that it has the ability to carry many
PDF maps. Last but not least, because the electronic ink can be maintained on the
screen for a long time and reprinted when required, the power consumption of
Kindle is low (Amazon Kindle, 2010). This feature allows maps to be shown on
the screen for a long time without power consuming. Consequently, it is worthy to
study how to design maps for Kindle.
Furthermore, cartographic research into appropriate scale and detail represented on
a mobile device is scarce (Tyner, 2010). Therefore how to represent appropriate
information at a proper scale on Kindle and how effective it is to support users’
map-base activities are worthy to be studied. The outcomes of this study firstly aim
at improving the usability and user experience of Kindle map, as well as other
maps based on electronic paper. Specifically, because of the popular screen size
and paper-like display of Kindle DX, the findings of this study can be potentially
referenced by other digital devices and paper map.
Moreover, the significance of this study rests not only in its aim to generate Kindle
leisure map design recommendations, but also in its novelty of the research area. In
order to design a Kindle map with appropriate scale and detail, this study is
conducted by introducing theories, methods and techniques from multiple
disciplines into the practice of cartography. Specifically, human-computer
interaction and cognitive theory aspects are researched in a coherent manner (Mark
et al, 1999; Haklay, 2010) and used in the current study.
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Human-computer interaction points out that it is essential to design a product from
users’ perspective (Rogers, Sharp and Preece, 2011). Brown and Chalmers (2003)
also suggested that the design of map should be taken with the understanding of
the map readers, their tasks, their behaviour and the contexts in which they are
using maps. Therefore the investigation of the relationship between typical mapbased tasks and the Kindle map with appropriate scale and detail from humancomputer interaction is meaningful. Researchers have assigned the map-based
activities into categories and have provided frameworks to map design research
(Reichenbacher, 2001), but the categories are not rigid guidelines. In the first part
of this study, field observations and semi-structured interviews were employed to
investigate current map reading activities performed in the real world.
Furthermore, Kindle maps with appropriate scale and detail should be able to fulfil
usability and user experience goals of map users. Here the usability and user
experience goals refer to being able to perform typical map-based tasks quickly,
accurately and with a pleasurable user experience (Nielsen, 1994; Tyner, 2010). In
the second part of this study, a practical experiment was taken to evaluate three
Kindle maps with different scales against these usability and user experience goals,
compared with a paper map.
Besides human-computer interaction, cognitive cartography contributes theories
and empirical approaches to estimating the appropriate scale and detail of Kindle
map. Montello (2002) argued that understanding how map users interact with maps
and what perceptual and cognitive processes are involved can be applied to map
design. In this study, the scale and detail required for completing tasks were
estimated by studying users’ cognition during map reading. Also, visual research
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and cognitive load theory assist with addressing how much information is needed
and how the scale and detail affect users’ perception of information and execution
performance (Lloyd and Bunch, 2003). Moreover, although it is difficult to
investigate the perceptual and cognitive process of map reading, empirical
approaches have been confirmed to be successful by existing cognitive researches
(Lloyd and Bunch, 2003). In the second part of this study, quantitative and
qualitative data were collected: real response time to a task and subjective score
were investigated by quantitative methods such as recording the reaction time and
questionnaires (Montello, 2002); actual thoughts and the experience of map
reading were investigated by qualitative methods such as think aloud and
interviews (Suchan and Brewer, 2000). The data was used to find out the
relationship among tasks, map scales and users’ performance.
Existing research which combined human-computer interaction, cognitive
psychology and cartography have contributed significantly to map design
guidelines and principles (Haklay, 2010; Tyner, 2010). These design guidelines
and principles also give a general guidance of the map design, especially the
prototypes developed in this study. For example, how do visual variables of
information such as size, texture and colour affect the efficiency of map reading
and the instant perception of exact information (Morita, 2011).
Based on the introduction above, the objective of this study is to find the
appropriate scale and detail represented on a Kindle leisure map. To achieve this
objective, a set of questions should be answered: what are the typical map-based
tasks on a leisure map, what is the relationship between tasks and the information
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and scale required, which scale and detail level of Kindle map will give users a
quick and accurate perception of information and how to address a design issue by
combined use of techniques.
This dissertation is structured into six chapters. Chapter two gives a literature
review of key areas of cartography, human-computer interaction and cognitive
cartography. Chapter three provides an overall methodology used in this study.
Because the experiment of this study is divided into two parts, Chapter four
includes two sections dedicating to the first and the second part of the study
respectively. Chapter five discusses the general findings, limitations of the study
and potential fields for further study. Finally, a summary of key findings are
concluded in the Chapter six.
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Chapter 2. Literature Review

This chapter provides background information relevant to representing appropriate
scale and information on Kindle maps. The chapter begins with an introduction of
cartography, outlining the relationship between information representation and
map scale, and specifically the design concerns brought by Kindle. It then reviews
the trends and researches which combine human-computer interaction and
cartography, providing an analysis of typical map-based tasks and a practical
framework for map design research. A discussion of cognitive cartography is
covered in the next section, focusing on how the understanding of perceptual and
cognitive process of map user contributes to the information representation, and
how visual search and cognitive load theory affect the map design. This is
followed by a review of quantitative and qualitative methods which can be used to
address the research question. The motivation and research questions for this study
are provided at the end of this chapter.

2.1 Cartography
2.1.1 Scope and design constraints
No longer being an antique craft belonging to bygone days, modern cartography
has been defined as a combination of science, aesthetics and technique. The
International Cartographic Association (1973) defined cartography as “the art,
science and technology of making maps, together with their study as scientific
documents and works of art”.
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Built on the precondition that environment can be modelled to convey spatial
information, cartography is generally about spatial information representation
(Kent, 2005). Map elements are essential to information representation and
conveying spatial information to map users. Subject area, title, legends, scale,
orientation, inset maps, supplemental text and illustrations, and frames and neat
lines as basic map elements are widely accepted by cartographers (Robinson et al.,
1995; Tyner, 2010; Krygier and Wood, 2011). Other elements such as symbol,
colour and typeface are recognised to be variables which contribute to the map
overall appearance (Brewer, 2008).
Although a variety of elements are available, the map design itself has constraints
that the cartographers can never ignore. Researchers pointed out that at least three
main constraints exist: the particular scale governs how much area can be covered
on the map, the trade-off between the amounts of text and the readability of map,
and the balance between symbols and topics on the map (Brewer, 2005; Tyner,
2010).
2.1.2 Scale and generalisation
Because maps are drawn smaller than the reality, map scale is used to describe the
ratio between the measurements on the map and the actual measurement in the real
world (Johnston et al., 2000). A large-scale map shows a small area in great detail,
while a small-scale map shows a large area but with little detail (Tomlinson, 2007).
Hudson (1992) described the effect of scale by vivid examples. These examples
show how much information can be represented on a map of 5 by 7 inches at
different scales. For example, a house can be shown at the scale of 1: 100, while an
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urban neighbourhood can be shown at the scale of 1: 10 000. Ordnance Survey
(2012) also pointed that roads, road names and major buildings are clearly
represented generally on the map at a scale of 1:10,000, while roads, buildings,
fences and landscape features are represented in more detail on the map at a scale
of 1:1,250.
Different scales raise another problem: how should information be filtered or
simplified in order to be drawn on maps with different scales - generalisation.
Buttenfield and McMaster (1991) argued that generalisation is necessary on all
maps because it enhances the communicativeness of maps. Steward (1974)
emphasised that information shown on the map should be selected, simplified and
symbolised according to the purpose and the scale of map. McMaster and Shea
(1992) agreed that showing everything on the map results in visual clutter.
Theoretically, operations of generalisation are summarised by researchers to create
a truthful representation on maps. Robinson et al. (1995) suggested a full list of
operations which include eleven elements: selection, simplification, classification,
symbolization, exaggeration, collapsing, typification, aggregation, elimination,
smoothing and induction. Raisz (1962) offered a shorter list of operations which
include simplification, combination and omission. Though operations of
generalisation are useful and available, generalisation should be approached
differently for different maps (McMaster and Shea, 1992).
2.1.3 Design issues of Kindle maps
Besides design concerns brought by the map itself, the positive and negative
aspects of Kindle DX itself also raises design concerns.
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On the one hand, facets of Kindle DX allow it to be a potential medium for
displaying maps. The high-resolution of 167 PPI (Amazon Kindle, 2010) is a
critical advantage of Kindle DX. Consequently, in the same viewing area, Kindle
DX covers more information compared to laptops with a resolution of 100 PPI.
Furthermore, because the inefficient navigation pattern of Kindle makes it difficult
to represent a map with large dimensions or many pages, street atlas was proposed
as the optimal map style and map design solution for Kindle by researchers
(Schutzberg, 2008). Because of the 9.7 inches large screen and high resolution,
even with the street atlas scale range of 1: 10,000 to 1: 1,250 recommended by
Ordnance Survey (2012), a 2.8 square kilometres to 0.04375 square kilometres
area can be represented on Kindle DX. Consequently, how to choose an
appropriate map scale and present proper information on a high-resolution large
screen is worthy to be studied. Moreover, because of the reflective screen and less
power consumption (Amazon Kindle, 2010), maps on Kindle DX are readable for
mobile users, and they can be maintained at a static state for a long time. In this
context, it is worthy to explore the appropriate scale for Kindle. Thirdly, because
of the PDF reader built in Kindle DX (Amazon Kindle, 2010), it is possible to
display PDF maps on the Kindle. At the same time, PDF maps are extremely
popular among tourists. Therefore developing PDF map prototypes and exploring
map design issues for Kindle are rested on a practical foundation.
On the other hand, Kindle maps are all greyscale maps rather than colour maps.
Tracing back to 1967, Robinson (1967) gave three reasons for the use of colour
map from cartography perspective: using colour increases the number of visual
levels, has effect on the subjective reactions of users, and has effect on the
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perceptibility. Robinson et al. (1995) concluded that more map-reading errors and
low preference of greyscale maps are reported compared with those on colour
maps. Pickles (2003) gave the similar result in another usability testing. However,
Jones (2010) pointed out that the critical factors, which affect the communication
between map users and map, are visual hierarchy and putting accentuates on
particular information. Consequently, whether the 16 colour greyscale, highresolution screen can represented the spatial information with a visual hierarchy
and how to present particular information clearly are worthy to be studied.
Undoubtedly, taking both positive and negative aspects of Kindle into account, the
appropriate scale and information representation for Kindle are worthy to be
studied.

2.2 Human-computer interaction and cartography
2.2.1 Interdisciplinary research
With the rapid geographic technological advancement, the practices on maps are
extended to nearly every aspects of everyday life. These trends have attracted the
attention of human-computer interaction researchers and cartographers (Hecht et
al., 2012).
The attention paid to human-computer interaction aspects of geographic
information system can be traced back to Pivar, Fredkin and Stommel’s study in
1963. In this study, they argued that an ideal computer-compiled oceanographic
atlas should accommodate users’ demands and “provide precise detailed
information requested” (Pivar, Painho and Kuhn, 1963). During the decades of
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1990s and 2000s, an interest in usability and design aspects of geographic
information system emerged and developed. In Medyckyj-Scott and Hearnshaw’s
book (1993), papers relevant to the human factor and ergonomic aspects of
geographic information system were collected. Nyerges et al.’s book (1995)
focused on the cognitive aspects of geographic information science. In terms of the
cognitive aspects of geographic information system or science, a further review
will be given in the section 2.3 of this report. Research on interface, task analysis
and collaboration aspects of geographic information system or science were
extended by researchers. For example, Goodchild (2009) described that simple
user interfaces of geographic technology, such as the interface of Google Earth,
has changed the pattern of geographic data distribution. Reichenbacher (2001) and
Brown and Chalmers (2003) developed task models and task analysis for map
reading. Backstrom, Sun and Marlow (2010) studied the geographic social
networks with a human-computer interaction perspective in collaborative settings.
Research focused on the new trends of web and mobile technology was also
explored by researchers. For instance, Cheng, Caverlee and Lee (2010) explored
the geography-related online user behaviour. Schöning et al. (2009) conducted a
study which combined the human-computer interaction and cartography and
contributed the benefits of large-scale map to their mobile users.
However, compared with the active exchanging between human-computer
interaction and other disciplines, there is a lack of communication between humancomputer interaction and geography, especially between human-computer
interaction and cartography (Hecht et al., 2012). Therefore the combination of
human-computer interaction and cartography is meaningful to both two areas.
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2.2.2 Map-related issues on mobile devices
Taking the perspective of human-computer interaction, cartography should
contribute application of good design to empowering people in their everyday life
no matter which medium is used (Krygier and Wood, 2011).
Remarkably, mobile devices today are equipping with various software and
hardware technologies, such as electronic paper, global positioning system receiver
and internet connection. These technologies are highly expected to enhance the
usability and user experience for map users when they are interacting with the
surrounding world (Ginige et al., 2012). Continuously changing technology always
brings new challenges. Longoria (2004) analysed that the limited screen size is one
of the top three challenges of designing software for mobile devices. However,
compared to other mobile devices, such as mobile phones and laptops, Kindle DX
possesses a larger screen which is 9.7 inches and a higher resolution with 167 PPI.
Therefore more information can be represented on the one-page size screen of
Kindle. As Ginige et al.’s conclusion (2012), how to squeeze spatial data to fit the
one-page size screen at a proper scale without losing much information should be
considered as a key usability issue. This issue is even more worthy to be explored
for Kindle map design.
Furthermore, maps on the mobile devices are increasingly expected to be able to
accommodate different goals and activities of map users (Ginige et al., 2012).
Therefore the study of typical tasks performed on mobile map is recognised as a
key issue of mobile map design by researchers (Jones, 2010; Tyner, 2010; Kraak
and Ormeling, 2011). Specifically, in terms of the leisure map on mobile devices,
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Brown and Chalmers (2003) suggested that an understanding of how tourists
arrange their activities and how maps are actually used in the real world should be
taken into account. Brown and Chalmers (2003) argued that not only the duringtravelling activities, but also the pre-visit and post-visiting activities should be
considered in map design. Furthermore, Reichenbacher (2001) outlined the
activities during the travelling in more detail: 1) locator refers to finding out the
map users’ current location; 2) proximity refers to finding out a places or another
tourist near to current location; 3) navigation refers to planning a route, such as
from the current location to another part of the city or from one place to another
place independent current location; 4) event refers to finding out the exact
information about what happens at a particular location. These different categories
are changing in different contexts. In order to design maps for a particular device,
proper approaches and frameworks should be taken to investigate the actual
activities of mobile map users during the map design.
2.2.3 Research framework
In order to guide the map design process, frameworks have been proposed by
researchers. Three frameworks are reviewed in this section: Tyner’s mapping
process (2010), Tyner’s map design decision process (2010) and Reichenbacher’s
conceptual framework for mobile cartography (2001).
Tyner’s mapping process (2010) is shown in a linear fashion (Figure 2-1). The
process is divided into four categories: planning, analysis, presentation and
production. Specifically, in the planning stage, purpose, types, formats and
audiences of the map are governing the next analysis stage. Though this framework
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is clear and logical, it misses the visual links between each stage. Therefore
designers cannot see the relationship among stages from the figure.

THE MAPPING
PROCESS

PLANNING
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Format

Audience

DATA
ANALYSIS
Collection

Synthesis
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Layout

Medium
Monitor

Projector

Paper

CRITIQUE
EDITING

PRODUCTION

Figure 2-1 Tyner’s mapping process (source Tyner 2010)
Rather than showing a design process in a linear format, Tyner’s map design
decision process (2010) (Figure 2-2) shows eight parallel factors which affect the
map design decision-making. These factors are further detailed and categorised
(Tyner, 2010) (Figure 2-2). Another difference between map design process and
map design decision process is that the previous one describes a workflow with
design issues, while the latter one as a whole can be used at every stage of map
design (Tyner, 2010).
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Figure 2-2 Tyner’s map design decision process (source Tyner 2010)
Compared with Tyner’s processes which are useful for general map design,
Reichenbacher’s conceptual framework (2001) (Figure 2-3) can be used in mobile
cartography. In this framework, user, context and tasks together are mainly
responsible for the adaptation of visualisation. By applying the framework to this
study, the appropriate scale and generalisation can be considered from a high-level
perspective (Tyner, 2010).
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Figure 2-3 Reichenbacher’s conceptual framework (source Reichenbacher
2001)
In this study, the combination of Tyner’s map design decision process (2010) and
Reichenbacher’s conceptual framework for mobile cartography (2001) provided
guidance to the research. Users, context and tasks of Kindle maps were three key
aspects to the study. For each aspect, the map design decision process was taken to
assist proposing design solutions and recommendations.

2.3 Cognitive cartography
2.3.1 Scope and research
Cognitive cartography is the study area where cartographic studies are combined
with cognitive theories. Cognitive cartography aims at double purposes: applying
cognitive theories and methods to understand maps and applying maps to
understand human cognition (Montello, 2002). There are three main areas of
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cognitive cartography research: map-design research, map-psychology research
and map-education research (Montello, 2002). This study fell into the first area.
Whether the maps can convey information successfully to the map users or not
depends on how the visual appearance affects the human cognitive process when
map users are interacting with maps (Robinson, 1952). Therefore understanding
how map users process information shown on the map is helpful to map design
(Eastman, 1985). It is also useful to evaluate map design by investigating map
users’ cognitive process.
Psychophysics studies have been conducted to focus on the perception of map
elements (Lobben, 2004). These studies usually investigated map users’ response
time to the changing of a physical stimulus (Montello, 2002). For example, Bartz’s
study (1970) reported that the map using labels with different typefaces increases
the search time. Although these studies provided guidelines and principles of
choosing typeface, colour and so on, they are criticised to be “low-level of
cognitive tasks” by researchers (Blades and Spencer, 1986). These researchers
pointed out that the psychophysics studies focus on the isolated elements of the
map but the contexts of map using are ignored. On the other hand, tasks requiring
reasoning, analysis, and decisions taking are recognised to be high-level cognitive
tasks (Blades and Spencer, 1986), such as planning a walk route and finding out
current location. Based on the high-level cognitive tasks, experiments of map
reading are divided into three categories: investigating the strategies through a
particular task, investigating the cognitive processes and investigating both
(Lobben, 2004). This study fell into the third category.
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2.3.2 Visual search and cognitive load theory
Research of perceptual and cognitive processes is usually scoped into the visual
search process (Montello, 2002), for example, to investigate the speed and
accuracy of completing a visual search task. In cognitive cartography area, studies
of how tasks and physical stimuli affect map user’s visual search process were
carried out. Nelson (1994) concluded that reaction time of finding a target item
depends on the amount of visual item in a serial search. Bartz (1970) showed how
typefaces of labels affect map users’ search time. Potash (1977) concluded how
different symbol representation influence map users’ understanding of symbols.
Kimerling (1975) outlined how colour variance affects the perceptual time of map
elements. These studies provide different but relevant answers to this study. They
also gave examples of how visual search theories can be applied in this study.
Cognitive load theory provides another perspective for cartography, which
emphasises the influence of limited capacity of working memory on task
performance (Sweller, Van Merriënboer and Paas, 1998). “Cognitive load theory
has been designed to provide guidelines intended to assist in the presentation of
information in a manner that encourages learner activities that optimize intellectual
performance” is an excellent definition given by Sweller, Van Merriënboer and
Paas (1998). In terms of cartography, Lloyd and Bunch (2003) suggested that
cognitive load theory contributes map design guidelines and principles to the
optimising of information available on maps which contributes to reducing the
cognitive load of map users. Therefore cognitive load theory can be applied in this
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study to find out how the appropriate map scale on Kindle reduces map users’
cognitive load.
2.3.3 Review of methods
In this study, quantitative and qualitative data are required to find out the
appropriate scale for Kindle maps. Existing research with quantitative or
qualitative methods gives a basis to this study.
In terms of the quantitative methods, they are widely used on finding the
relationship between preset variables (Suchan and Brewer, 2000). In the cognitive
cartography area, participants are involved to perform one or a set of map-based
cognitive tasks, and the individual performance is measured and compared (Suchan
and Brewer, 2000). Like examples listed in previous sections, quantitative methods
are widely used in the cognitive research of map using (Bartz, 1970; Kimerling,
1975; Potash, 1977; Nelson, 1994). Questionnaires are also used to collect
quantitative data of users’ attitude. For example, Questionnaires with closed
questions were used in Davies and Medyckyj-Scott’s study (1994) to investigate
the usability of a scaled-response mechanism.
On the other hand, qualitative method allows the definition of variables being
changed during the experiment (Tesch, 1990) and provides complex and deep
explanation to the questions or consequence (Miles and Huberman, 1994). In the
cognitive cartography area, Suchan and Brewer (2000) concluded that qualitative
methods are effective for gathering data of map users’ experience and opinions.
Firstly, questionnaires with open questions can be used to investigate users’
opinions. For example, questionnaires were used in Slocum’s study (1995) to find
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out users’ attitudes to the new cartographic technology. Secondly, interview as a
useful tool is extremely popular in the cartography research. Monmonier and
Schnell (1992) conducted phone interviews to investigate design issues of hazardsmaps design. Thirdly, think aloud protocol enables participants to express their
thoughts and experience when the tasks are in process. In Brodersen et al.’s study
(2002) of map reading performance, think aloud protocol was recognised as an
effective method for investigating users’ thinking of visual search strategies. Last
but not least, field observation is widely taken by cartographers to understand how
the map is used in real world. For instance, an observation of map use was
conducted for twenty days by Wood (1993).

2.4 Research questions
Based on the literature review, the motivation of this study can be concluded and
the research questions can be further outlined.
Firstly, features of Kindle DX, especially the high-resolution large screen, allow
more spatial information represented in one viewing area, compared with other
mobile devices, such as mobile phones and laptops. In order to reduce the load on
eye movement and work memory when map users are searching items on Kindle
map, it is worthy to explore the appropriate map scale and precise information for
Kindle map design.
Furthermore, the study contributes to the cartography when it is based on the
theories, methods and frameworks from an interdisciplinary perspective: a
combination

of

cartography,

human-computer
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interaction

and

cognitive

cartography.

Specifically,

human-computer

interaction

is

naturally

an

interdisciplinary area. Therefore the practice of combining cartography with
human-computer interaction is an excellent experience for further study. Also,
How to combine quantitative and qualitative methods effectively to address a
design question is a good lesson for both human-computer interaction practitioners
and cartographers.
Thirdly, with the consideration of users, contexts and typical tasks, the study of the
relationship between tasks and scale contributes to the mobile map design.
Additionally, research on appropriate map scale and detail represented on Kindle
maps is meaningful to map designs for mobile devices, especially the devices with
small and greyscale screen. Because of the paper-like feature of Kindle, the
findings of this study may also contribute to the paper design.
The above factors and the detailed description of these factors in the first chapter
have aroused the motivation to solve the research question: Appropriate map scale
- How much detail should be represented on Kindle leisure maps. The optimal map
scale and proper generalisation of information will be studied.
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Chapter 3. Methodology

To estimate the optimal map scale and the proper level of information, the study
was divided into two inherent parts. As reviewed in the previous chapters, map
scale and generalisation are governed by purpose, audience, topic and format of the
map (Tyner, 2010). In terms of Kindle leisure maps for tourists, the typical tasks
performed by tourists on maps, especially mobile map, are essential for this study.
Therefore the first part of the study aimed at investigating the actual tasks
performed by tourists in the real world. Based on the first part, the second part of
the study focused on comparing individual performance on Kindle maps using
different scales and investigating the relationship among tasks, task performance
and scales.
Combined methods were used to collect quantitative and qualitative data. Field
observations and semi-structured interviews were involved in the first part of the
study, while a practical experiment with think aloud protocol, Likert scale
questionnaires, individual performance measurement and post-study interview was
set as the second part of the study. Quantitative data involving subjective scores,
response time to tasks and numbers of task failure was analysed through statistics,
while qualitative data involving scripts of interview, observation notes and think
aloud notes was structured by open coding.
In this chapter, methodology, design and procedure for the two parts of the study
are outlined respectively in the following two sections.
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3.1 Part one: field observation and semi-structured interview
The first part of the study included a field observation lasted for seven days and
semi-structured interviews. Field observation is recognised to be a useful tool for
investigating users’ actual activities and behaviour in the real world, and the semistructured interviews are used to have an insight into people’s thinking (Suchan
and Brewer, 2000). In this part of the study, the field observation aimed at
understanding how people use maps and outlining the typical map-based tasks
performed by tourists in the real world, while semi-structured interviews focused
on tourists’ general opinions about scales and information represented on maps, as
well as tourists’ attitude to Kindle map. Ten to fifteen tourists were expected to
participate in this part of the study, and finally ten participants’ data were
collected.
Materials used in this part of study are listed in Table 3-1:
Table 3-1 Materials used in the first part of the study

Material

Purpose

One greyscale map of central London in Presented to participants for evoking their
PDF format (from Lonely planet city thinking of Kindle maps
guide).
One Kindle DX

To show maps to participants

One video recorder

To record semi-structured interviews

One camera

To capture pictures when observing

Pencils and papers

To take notes when observing

Ten copies of Informed Consent Forms

Presented to participants

Ten London Olympic Park maps

Gifts
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Compared with Kindle Touch which possesses a touchable screen, Kindle DX was
selected in this study due to the screen size. The screen of Kindle DX is 9.7 inches
which is a popular size for personal digital assistant (Amazon Kindle, 2010).
Therefore the conclusion of this study can be referenced by a wider range of
devices. PDF map from Lonely Planet city guide (see Appendix 1) was selected
because: 1) Lonely Planet city guide is extremely popular among tourists (Lonely
Planet, 2012); 2) the map in PDF format can be easily obtained by downloading
from the Internet; 3) PDF document is well supported by Kindle DX (Amazon
Kindle, 2010). Moreover, the purpose of using Kindle maps in this part of the
study was to investigate people’s general opinion about the greyscale Kindle map.
A map design which is similar to the paper map in Lonely Planet city guide could
encourage people to talk about their thoughts.
The following paragraph describes the procedure taken in the first part of the
study. Big Ben and London Eye were chosen as the observation point because
there are huge crowds of tourists during summer.
Tourists’ map reading behaviour and activities were observed and recorded in note.
Then the investigator asked tourists whether they are willing to have a 5-minute
interview. When the tourist agreed to take part in, a copy of Informed Consent
Form (Appendix 2) was presented to the tourist and signed by the tourist. The
tourists’ map medium, map scale and information used at that moment were
recorded. Questions about map using were asked by the investigator, especially
what map tasks were performed often and what information and scale were
required to complete these tasks. Semi-structured questions are listed in Appendix
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3 A. The greyscale map of central London from Lonely planet city guide on Kindle
was then presented to the tourist. Semi-structured questions (Appendix 3 B) were
further asked to investigate the tourist’s attitude to Kindle maps. Finally, thanks
were given to the tourist. London 2012 Olympic Park Map which costs £2.5 each
was presented as a gift.

3.2 Part two: a practical experiment
3.2.1 Purpose
There are three purposes of the experiment: 1) to compare task performance on
Kindle maps using different scales and information representation; 2) to investigate
the relationship among tasks, task performance and scales; and 3) to have an
insight into users’ performance and behaviour. With Reichenbacher’s conceptual
framework for mobile cartography (2001) and Tyner’s map design decision
process (2010), the experiment was based on the conclusion of the first part of the
study. The first part of the study provided a set of map scales and a set of levels of
information reported often by mobile device users. The map scales and levels of
information were used to generate prototypes of Kindle map. Besides the scales
and information required by real users, the first part of the study also contributed a
set of typical map-based tasks to the experiment. These tasks were taken by
participants during the experiment.
Data collection methods included recording the response time to tasks, think aloud
protocol, post-study interview and questionnaires with Likert scale. These methods
were used to collect both quantitative and qualitative data and aimed at estimating
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which map scale and information representation is optimal for Kindle DX.
Efficiency, effectiveness and satisfaction were taken as criteria of usability (Jacob
and Karn, 2003) in this experiment. Quantitative data, such as the response time to
particular tasks, contributed to the measure of efficiency; qualitative data, such as
verbal expressions during think aloud and interview, provided an insightful
investigation against the measure of effectiveness; quantitative and qualitative data
together, such as subjective scores and verbal expressions, gave answers to the
measure of satisfaction. According to measures of usability and user experience,
the data analysis and results described in Chapter 4 was rested on a solid
foundation.
3.2.2 Participants, materials and task sets
Nine female and nine male participants (Appendix 10) were recruited to take part
in this experiment with an incentive of 5 pounds rewarded and a chance to win 50
pounds. All the eighteen participants were aged between 22 and 29 [Mean=24.00,
SD=2.00]. They were educated at university degree level. Their professions are
postgraduate students, software engineers and data analysts. During the
recruitment, crucial factors were used to select the participants. Firstly, fluent
spoken English is required. Secondly, they should have experience of using maps,
and Kindle maps experience is preferred. Thirdly, they should not be extremely
familiar with central London, especially places near Covent Garden. Finally,
because the tasks will be taken on a greyscale screen, the participants were
required to have no visual or learning problems.
Materials used in the experiment are listed in Table 3-2:
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Table 3-2 Materials used in the second part of the study

Material

Purpose

Prototypes of greyscale maps at the scales Participants carried out tasks on them
1:8,000, 1:4,000, and 1:2,000 in PDF
format
One folded Paper map of central London Participants carried out tasks on it
with 1: 10,000 scale.
One Kindle DX

To show Kindle maps

One video recorder

To record verbal expressions and behaviour
of participants.

Three copies of task set sheet

To assist investigator in presenting the tasks

Pencil and rulers

Used by participants to sign or draw

Eighteen copies of questionnaires

To collect subjective scores

Eighteen copies of Informed Consent Signed by participants
Forms
Eighteen copies of Information Sheets

To describe the information of the study

1 quiet room with chairs and table

Used as a lab

The greyscale Kindle maps used in this experiment (Appendix 4) were designed
and generated after the first part of the study. The spatial data of London was
downloaded from OpenStreetMap, and then the data of central London was
abstracted by Osmosis which is a command-line-based Java application. The
abstracted data was then loaded on the database which was set by Postgresql. XML
stylesheet was developed to control the map style, such as colour, information
represented, lines and shapes. Mapnik and Python were combined used to put the
spatial data and the XML stylesheet together to generate maps in PDF format.
OpenStreetMap data was selected because it has accurate information of central
London (Haklay et al. 2010). Specially, the XML stylesheet was developed partly

- 31 -

according to the style of the paper map used in this experiment (Appendix 5).
Though all maps had different scale and information representation, they had
similar style which made them to be suitable for this experiment.
The map scales of 1:2,000, 1:4,000 and 1:8,000 were chosen according to the
literature review and the results of the first part of the study. Schutzberg (2008)
suggested that street atlas is the optimal map style for Kindle. Ordnance Survey
(2012) suggested that roads, road names and major buildings are clearly
represented generally on the street atlas at a scale of 1:10,000, while roads,
buildings, fences and landscape features are represented in more detail on the street
atlas at a scale of 1:1,250. Therefore the scale range used in this experiment was
from 1:1,250 to 1:10, 000. Furthermore, according to the data of observation and
interviews in the first part of the study, 1:2,000, 1:4,000 and 1:8,000 were reported
to be popular scales on mobile maps, which fell into the preset scale range.
Therefore 1:2,000, 1:4,000 and 1:8,000 were chosen to be used in the experiment.
With Reichenbacher’s conceptual framework for mobile cartography (2001) and
Tyner’s map design decision process (2010), it was clearly that task sets are
important elements for this experiment. Board (1975) concluded three grounded
categories of typical map-based tasks: navigation, measurement and visualisation,
while Reichenbacher (2001) outlined four categories: locator, proximity,
navigation and event. Besides the literature review, the task sets of this experiment
also included the typical tasks reported by participants in the first part of the study.
Four high-level cognitive task types were set:
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1. Self-localisation: Participants were asked to imagine that they were at a
particular street in central London. They were asked to locate this street on the
map.
2. Place localisation: Participants were asked to locate a particular place on the
map. The place was marked by a symbol and a name label.
3. Measurement: Participants were asked to estimate the distance in the real
world in meters or in miles between self location and the place located in task
2.
4. Route planning: Participants were asked to plan a route started from self
location. Specifically, they were encouraged to include as many places they
interested as possible into the route.
Six task sets of A, B, C, D, E and F (Appendix 6) were developed for Kindle maps
and paper map, each of which included four sub-tasks as described above.
3.2.3 Hypotheses and expectations
Based on the literature review and the measures of experiment, especially the
participants’ report in the first part of this study, the hypotheses of the experiment
were generated and explained:
Hypothesis 1: Task performance refers to the response time to self-localisation task
will be better on the map scale of 1:4,000.
Hypothesis 2: Task performance refers to the response time to place localisation
task will be better on the map scale of 1:4,000.
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Hypothesis 3: Task performance refers to the response time to route planning task
will be better on the map scale of 1:8,000.
Hypothesis 4: Task performance refers to the task failure will be better on the map
scale of 1:4,000.
Hypothesis 5: Among Kindle maps, subject score will be higher on the scale of
1:4,000.
Hypothesis 6: Subject score will be higher on the paper map than on the map scale
of 1:4,000.
Firstly, task performance had a dual meaning. On the one hand, the response time
to each task and the accuracy of performing each task together contributed to the
task performance. The accuracy of performing was measured by the numbers of
task failure. A failure was perceived when the participant was unable to finish the
task or gave a wrong answer. On the other hand, the comparisons of task
performance were based on two levels: the whole task set level and the sub-task
level. The dual meaning of task performance contributed to investigating the
relationship between task performance and tasks at different levels.
Secondly, although the subject of this study is Kindle map, the comparison
between Kindle map and paper map made sense to the research question. By
comparing with paper maps, the estimation of appropriate scale and information
representation on Kindle map was more describable. Additionally, applying the
conclusion of this study to other devices or mediums was possible.
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Finally, though the hypotheses were mainly relevant to the quantitative data, the
qualitative data was never forgotten in this study. Because the qualitative data
tended to give an exploration of the research, which types of information and how
the information should be represented on the map were expectedly answered by
qualitative data.
3.2.4 Design and procedure
In this experiment, the independent variable was the scale of map – 1: 8,000, 1:
4,000 and 1: 2,000. Paper map with the scale of 1: 10, 000 as a baseline tool was
also used in the experiment. The response time to each task, the numbers of task
failure, the subjective scores of each scale and the verbal expressions during think
aloud and post-study interviews were dependent variables.
In order to minimise the effects of individual differences and other confounding
variables, the experiment was designed to be a within-subject, repeated measures
experiment. Participants were assigned into three groups. Each group included
three female participants and three male participants. A task set which included
four sub-tasks was carried out by each participant on each map. Three sets of task
A, B and C were assigned to Group 1, 2 and 3 according to a Latin square (Table
3-3). The Latin square was employed to counterbalance task sets and conditions.
Furthermore, in order to minimise the effect of same condition order to the
participants, each group was further divided into two sub-groups. The six subgroups carried out tasks in the experiment, experiencing three different conditions
in different orders (Table 3-4).
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Table 3-3 Latin square for tasks and conditions

Group

1: 8,000

1: 4,000

1: 2,000

Group 1

Task set A

Task set B

Task Set C

Group 2

Task set B

Task set C

Task set A

Group 3

Task set C

Task set A

Task set B

Table 3-4 Condition orders for each group

Group 1-a

1: 8,000

1: 4, 000

1: 2, 000

Group 1-b

1: 4, 000

1: 2, 000

1: 8,000

Group 2-a

1: 2, 000

1: 8,000

1: 4, 000

Group 2-b

1: 8,000

1: 2, 000

1: 4, 000

Group 3-a

1: 2, 000

1: 4, 000

1: 8,000

Group 3-b

1: 4, 000

1: 8,000

1: 2, 000

Group 1

Group 2

Group 3

Specifically, the paper map as a baseline tool was presented to every participant,
and the task sets D, E, F for paper map were assigned to Group 1, 2 and 3
respectively at the first phase of the experiment.
Before the experiment, the participants were given a piece of information sheet
(Appendix 7), and they were allowed to ask questions about the study but not the
tasks. When they had no question to take part in the experiment, an informed
consent form (Appendix 8) was signed by the participants.
Pilot study was also conducted before the formal experiment in order to confirm
the materials and the design of the experiment. Three pilot participants confirmed
the experiment design as described above. After the pilot study, following issues
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were identified: 1) the paper map task set was rearranged to come before the
Kindle map task sets, because three participants reported that when paper map task
set was mixed with Kindle map task sets, there was a significant effect on their
Kindle map performance; 2) three tasks were modified because they were reported
to be extremely familiar ones to the pilot participants; 3) a break was added after
the paper map task set to make sure the paper map can be a baseline tool.
The detailed procedure taken by Group 1-a was described as following phases.
Other groups carried out the same procedure with the task sets and the condition
orders described in Table 3-3 and Table 3-4. All participants were tested
individually.
1. In the ten-minute welcome session, the information of the study was
introduced. If the participant had no experience of think aloud, an introduction
of how to carry out the method was given. Questions about the study were
encouraged. The participant was told that their performance on the map and
their voice would be recorded. A talk of the experience of maps was conducted
to ease the participants. They were told to try their best to finish the tasks.
2. When the participant was ready, the paper map was presented to the participant
on the horizontal table. A separate script of the first sub-task in the task set D
was presented to the participant. When the participant finished the first subtask, other three sub-tasks were carried out similarly by the participant in
sequence. Participants were asked to think aloud during the experiment. When
they had kept in silence for more than 10 seconds, “what are you thinking now”
was asked to prompt them.
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3. After carrying out the paper map task set, a 5-minute break was given.
4. According to the condition order and the task sets assigned to the participant,
similar procedure was carried out on three Kindle maps.
5. When all task sets were completed, the participant was asked to fulfil a poststudy questionnaire with Likert scale, and then a post-study interview was
conducted. Two questions were asked: what’s your likes and dislikes about the
Kindle maps? Which information do you think is missing from these Kindle
maps? If necessary, three Kindle maps were shown again to the participants.
6. In the thank session, 5 pounds was given to the participant as reward. The
participant was also told that they had got a chance to win another 50 pounds.

- 38 -

Chapter 4. Result and Data Analysis

4.1 Data analysis methods
In this chapter, quantitative and qualitative data collected in the study are analysed.
Quantitative data (Appendix 11, Appendix 12) is analysed through statistical tests:
Friedman test and post-hoc tests with Wilcoxon signed-rank tests are conducted to
analyse the response time to tasks as well as the subjective score, Cochran's Q test
and post-hoc test with McNemar’s test are carried out to analyse the numbers of
task failure. Spearman’s Rho correlation test is used to find out the association
between two variables: the relationship between subjective scores and response
time to tasks and the relationship between subjective scores and numbers of task
failure. Qualitative data, which is represented as the verbal expressions during the
field observation, the interviews and the think aloud, is analysed through open
coding.
Friedman test is designed for repeated measures and nonparametric data to
compare variables in three or more than three paired observations. However,
Friedman test can only show whether there are differences between the related
observations or not. It is incapable of identifying where the differences exactly are.
Therefore, post-hoc tests with Wilcoxon signed-rank tests are taken on the
different combinations of related observations after the Friedman test. Cochran's Q
test is designed for testing differences between three or more matched sets of
frequencies or proportions for related samples. Cochran's Q test only shows
whether there are differences between the related observations or not. Therefore
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the post-hoc tests with McNemar’s tests are conducted to have an exact
comparison in this study.
All data is assessed according to hypotheses and expectations given in Chapter 3.
Though results for the two parts of the study are presented in the following
separate two sections, they are closely related to each other. As discussed in the
previous chapters, the result of the first part contributes to the experiment.

4.2 Part one: results and analysis
All ten participants of this part were tourists near London Eye and Big Ben.
Qualitative data from the field observation and semi-structured interviews
(Appendix 9) evoke four aspects of map using: map scale, map activities,
information categories and map medium. The relationship among these aspects are
analysed by open coding.
4.2.1 Scale, activity and medium
All tourists observed were using maps within the scale range from 1: 12,500 to 1:
2,000 in the first part of the study. Maps with the scale of 1: 4,000 were reported to
be useful when locating a place, because they showed “detailed information” and
places were “easily located”. Maps with 1: 8, 000 were reported to be helpful when
planning a route, because they showed “a whole picture” and gave more “general
information”. Among map-based tasks, self-localisation, place localisation and
route planning were popular tasks performed by tourists on mobile maps. Tourists
reported that the measurement was not a popular task. However, an estimation of
how much time would be taken for a pre-planned route was reported to be useful
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by two tourists. Moreover, digital devices were observed to be extremely popular
among tourists. During the study, six tourists showed their mobiles to the
investigator and four tourists who were using paper maps reported that they had
used digital maps or online maps before.
Through the open coding, relationship among scale, information level and tasks
was found out. Firstly, map scale used by the tourists was closely relevant to the
task activities. As described above, larger scales, such as 1: 4,000, were used to
locate a place nearby or a place which the tourists wanted to know more. Smaller
scales, such as 1: 8,000, were used to plan a route. Secondly, information
represented on maps was required on different levels. Shops, restaurants and hotels
were required to be marked on the maps with larger scale but there was no need to
mark all of them. In contrast, sightseeing was required to be marked as many as
possible.
4.2.2 Attitudes towards Kindle maps
Six of the ten tourists reported that they had used Kindle before and three of them
had attempted to use maps on Kindle. Among these three tourists who had used
Kindle before, one had used Kindle to view screen shots of Google Map and the
other two had used Kindle to read PDF maps. After being showed the Kindle map,
the tourists answered relevant questions. Open coding was carried out and four
kinds of comments to the Kindle maps were identified.
On the one hand, seven tourists said that Kindle map was clean, clear and fine to
be read, and the information presented on the map was well structured. Moreover,
eight tourists mentioned that the big screen with high resolution of Kindle DX was

- 41 -

suitable for presenting maps. Also they were delighted to be able to read the map
in the sunshine. On the other hand, the non-touch and greyscale screen were
reported to be the big problems of the Kindle maps by seven tourists. However,
these tourists also reported that a static map with appropriate scale and information
would address these problems. Thirdly, two tourists said that they would try to
have some guidebooks rather than maps on the Kindle. Last but most importantly,
tourists thought that Kindle map should only show a small area but with detailed
information and that area should be part of a pre-planned route.
Results of this part of the study were the basis of the experiment next, contributing
at least three elements to experiment and prototype design: 1) Map scale range
used in the experiment; 2) Investigation of map activities contributed to task design
in the experiment; 3) Types of information for the prototypes.

4.3 Part two: results and analysis
4.3.1 Response time to tasks
As shown in Figure 4-1, response time to self-localisation, place localisation and
measurement tasks was generally shorter on map scale of 1: 4,000. The shortest
response time to route planning task was reported on the map scale of 1: 8,000.
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Figure 4-1 Response time (seconds) of maps by task type
Friedman test showed that there was a statistically significant difference in
response time to self-localisation task (߯ଶ =39.573, p=0.000), place localisation
task (߯ଶ =38.073, p=0.000), measurement task (߯ଶ =47.165, p=0.000) and route

planning task (߯ଶ=13.096, p=0.004) when different map scales were used. Posthoc tests with Wilcoxon signed-rank tests were conducted with a Bonferroni
correction and have got the following results:
1. The response time to self-localisation task is significantly shorter on the map
scale of 1:4,000, compared with paper map (Z=-3.730, p=0.000, r=0.622) and
two map scales of 1: 2,000 (Z=-3.731, p=0.000, r=0.622) and 1: 8,000 (Z=3.487, p=0.000, r=0.581).
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Therefore the hypothesis 1 (Task performance refers to the response time to
self-localisation task will be better on the map scale of 1:4,000) was proved to
be true.
2. The response time to place localisation task is significantly shorter on the map
scale of 1:4,000, compared with the map scale of 1: 2,000 (Z=-3.662, p=0.000,
r=0.610) and 1: 8,000 (Z=-3.727, p=0.000, r=0.621). However with the
adjusted p-value, there was no significant difference between the map scale of
1: 4,000 and paper map (Z=-2.582, p=0.010, r=0.430).
Therefore the hypothesis 2 (Task performance refers to the response time to
place localisation task will be better on the map scale of 1:4,000) was rejected.
However, the task performance refers to the response time to place localisation
task was proved to be better on the map scale of 1: 4,000 than that on the map
scale of 1: 8,000 and 1: 2,000.
3. With the adjusted p-value, an insignificant difference of response time to route
planning task was perceived between the map scale of 1: 8,000 and other three
maps: paper map (Z=-2.505, p=0.012, r=0.417), map scale of 1:2,000 (Z=2.570, p=0.010, r=0.428) and 1:4,000 (Z=-2.287, p=0.022, r=0.381).
Therefore the hypothesis 3 (Task performance refers to the response time to
route planning task will be better on the map scale of 1:8,000) was rejected.
Specifically, in terms of the whole task set, response time on the map scale of 1:
4,000 was the shortest, whereas time on the paper map was the longest (Table 4-1).
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Table 4-1 Mean (seconds) and standard deviation (parentheses)

Task type

1:2,000

1:4,000

1:8,000

Paper map
1:10,000

Self-localisation

40.89 (7.32)

14.17 (3.78)

25.89 (7.81)

28.22 (6.08)

Place localisation

31.44 (5.56)

20.0 (6.00)

53.61 (8.23)

28.39 (10.64)

Measurement

29.06 (4.36)

18.44 (3.18)

18.72 (4.78)

59.83 (16.01)

Route planning

125.78 (14.04)

127.89 (20.65)

111.72 (58.01)

126.11 (8.84)

Whole task set

56.79 (41.24)

45.13 (49.36)

52.49 (46.91)

60.64 (41.63)

Friedman test showed that there was a statistically significant difference
(߯ଶ=51.300, p=0.000) in response time to the whole task set depending on which
map scale was used. Post-hoc tests with Wilcoxon signed-rank tests were
conducted with a Bonferroni correction, resulting in an adjusted p-value. The
response time to the whole task set was significantly shorter on the map with the
scale of 1: 4,000 than that on the paper map (Z=-5.696, p=0.000, r=0.475) and on
the map scale of 1:2,000 (Z=-5.829, p=0.000, r=0.486). However there was no
significant difference between the map scale of 1: 4,000 and 1: 8,000 (Z=-2.270,
p=0.023, r=0.189).
4.3.2 Failure
When the participant was unable to give an answer or gave wrong answers, a task
failure was marked as “1” on where the failure occurred. Otherwise, if no failure
occurred, a “0” was marked.
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As shown in Table 4-2, 56 failures occurred across all tasks. The map scale of 1:
8,000 had the most failures (27). The map scale of 1:4,000 had the least failures
(6), which is expectedly less than failures occurred on the paper map (11).
Table 4-2 Numbers of task failures by task types

Task type

1:2,000

1:4,000

1:8,000

Paper map
1:10,000

Self-localisation

3

1

8

0

Place localisation

5

3

7

2

Measurement

3

1

6

7

Route planning

1

1

6

2

Total

12

6

27

11

Cochran's Q test showed that task failure rates were significantly different while
different map scales (p=0.000) were used. McNemar’s tests with Bonferroni
correction were conducted to do further pairwise comparisons, which revealed that
there was a significantly lower task failure rate on the map scale of 1: 4,000,
compared with that on the other three map scales: paper map (p=0.332, binomial
distribution used), the map scale of 1:2,000 (p=0.238, binomial distribution used)
and 1:8,000 (p=0.000). Therefore the hypothesis 4 (Task performance refers to the
task failure will be better on the map scale of 1:4,000) was proved to be true.
As shown in Figure 4-2, the map scale of 1:8,000 showed the highest task failure
rate across the tasks, except the measurement task where the paper map showed a
slightly higher failure rate. Map scale of 1: 4,000 showed lower failure rate on both
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measurement and route planning tasks, while the paper map showed less failure
rate on both self-localisation and place localisation tasks.

Figure 4-2 Numbers of failures by task types
Cochran's Q test showed that there was a statistically significant difference in
failure rate on self-localisation task (p=0.003) when using different map scales.
However, the numbers of task failure occurred on place localisation task
(p=0.296), measurement task (p=0.096) and route planning task (p=0.063) showed
insignificant difference when using different map scales. Post-hoc tests with
McNemar’s tests were conducted with a Bonferroni correction. In terms of selflocalisation task, the numbers of task failure on map scale of 1: 4,000 showed a
significantly higher than that on the map scale of 1: 8,000 (p=0.039, binomial

- 47 -

distribution used). However, there was no significant difference between the map
scale of 1: 4,000 and the other two map scales: the map scale of 1: 2,000 (p=0.625,
binomial distribution used) and paper map (p=1.000, binomial distribution used).
4.3.3 Subjective score
Based on a Likert scale, the participants were required to score all map scales they
used in the experiment. As shown in Table 4-3, the map scale of 1: 8,000 was
given the lowest score 5.61. The map scale of 1: 4,000 was given the highest score
7.22, which was unexpectedly higher than the paper map. However, four
participants scored 9 to the paper map, while only one participant scored 9 to the
map scale of 1:4,000, as shown in Figure 4-3.
Table 4-3 Summary report of the subjective scores

Item

1:2,000

1:4,000

1:8,000

Paper map
1:10,000

N Valid

18

18

18

18

Mean

6.06

7.22

5.61

7.00

Standard Division

1.21

1.31

1.72

1.68

Median

6.00

8.00

6.00

7.50

Mode

6.00

8.00

7.00

8.00

Sum

109.00

130.00

101.00

126.00
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Figure 4-3 Relationship between subjective score and map scales
Friedman test showed that there was a statistically significant difference
( ߯ଶ =14.389, p=0.002) in scores to different map scales. Post-hoc tests with

Wilcoxon signed-rank tests were conducted with a Bonferroni correction. The
score to the map scale of 1: 4,000 was significantly higher than that to the map
scale of 1:2,000 (Z=-2.577, p=0.010, r=0.430) and 1:8,000 (Z=-2.675, p=0.007,
r=0.446). However, the score to the map scale of 1: 4,000 was not significantly
higher than that of the paper map (Z=-0.605, p=0.545, r=0.101).
Therefore hypothesis 5 (Among Kindle maps, subject score will be higher on the
scale of 1:4,000) was proved to be true, while hypothesis 6 (Subject score will be
higher on the paper map than on the map scale of 1:4,000) was rejected.
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4.3.4 Subjective score, response time and task failure
The map scale of 1: 4,000 had a shorter response time to the whole task set and a
lower failure rate. Furthermore, it yielded a higher subjective score. Therefore it is
of significance to analyse the correlation between the subject score and the
response time, as well as the correlation between the subject score and the failure
rate. The correlation was investigated by the Spearman’s Rho test. As the p-values
shown in Table 4-4, there was no significant correlation between the subjective
score and either the response time or the numbers of task failure.
Table 4-4 Correlation p-values through Spearman’s Rho test

Scales

Subjective score and
response time

Subjective score and
numbers of task failure

1: 2,000

p=0.847

p=0.454

1: 4,000

p=0.281

p=0.199

1: 8,000

p=0.062

p=0.230

Paper map 1: 10,000

p=0.739

p=0.151

4.3.5 Qualitative data analysis
Videos of participants’ task execution and recording of interviews and think aloud
were manually coded to explain the participants’ behaviour and task performance.
This gave an insight into participants’ perceptual and cognitive process, which was
important to the estimation of which scale and information were optimal.
Firstly, an appropriate map scale helped two types of participants who were taking
different search strategies. Ten out of eighteen participants reported that they
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searched “around” the buildings or sightseeing which were “marked significantly”
on the map, in order to find out self-location or another place. Therefore, an
appropriate information representation was required rather than putting all the
information on the map. Typical utterances included “see it at the first glance” and
“too much information to locate”. Five out of eighteen participants vocalised that
they searched the map randomly from the left side to the right side or from the
right side to the left side. It was observed that participants complained more when
they were performing tasks on the paper maps. Expressions like “too big to find an
unfamiliar place on this map” and “too much symbols” were reported. Therefore,
no matter a random one or a circle strategy the participants would take, map with
appropriate scale and information was preferred.
Secondly, a bigger map scale with detailed information encouraged the participants
who want to discover “where to go”; while a smaller map scale with less
information delighted the participants who want to have a quick and rough plan.
Verbal expressions like “guess these ‘eye’ like symbols are sightseeing” and
“explore my route” indicated that regardless of task types, personal preference had
an impact on the map scale they would choose.
Thirdly, with a bigger scale, four participants expressed that they would not do the
measurement tasks, because “certainly a small area is shown”. On the other hand,
with a smaller scale, six participants used their fingers as a reference to estimate
the distance when planning a route, because it “looks like a long walk on the map”.
Finally, dislikes and likes of Kindle maps were coded manually. The main dislikes
of Kindle maps were “no colour”, “not enough context”, “too slow to turn pages”
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and “non-touch”. The main likes expressed by the participants were “read in
sunshine”, “detailed information”, “clean and clear” and “focus on one particular
area”. In addition to the likes and dislikes, participants reported three expectations
to Kindle maps: 1) extra information of this particular area should be given on
another page, “like a guidebook”; 2) at least two underground stations or bus stops
should be included on one page, because they are essential traffic information; 3)
sightseeing is no longer the only goal of tourists, and thus more local information
should be included in a map with detailed information.
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Chapter 5. Discussion

The purpose of this study is to explore the appropriate scale and level of
information for Kindle leisure maps and investigate the relationship among mapbased tasks, map users’ task performance and map scales. Therefore the findings of
this study are relevant to the perceptual and cognitive process of the map users and
the typical map-based tasks.
In this chapter, the methodology used in the two parts of the study is discussed
firstly. In terms of data collection method, both quantitative and qualitative
methods, including field observation, semi-structured interviews and an cognitive
experiment with post-study interview, questionnaire and think-aloud protocol,
were utilised to give an insight into the relationship among map users, their tasks
and the map scales used. Through this study, the combination of methods was also
expected to contribute to mobile cartography, human-computer interaction as well
as cognitive theory.
The major finding of this study showed an estimation of which scale and level of
information on Kindle maps can fulfil usability and user experience goals, and well
reflect the relationship among tasks, task performance and map scales. By taking
Kindle’s hardware and software features into account, the findings answered the
research question in multiple views: the map scales of 1: 2,000, 1: 4,000 and
1:8,000 on Kindle were compared through analysing users’ response time to tasks,
subjective scores and numbers of task failure, as well as comparing with the paper
map. Generally, the map scale of 1: 4,000 was recognised as the most appropriate
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scale and information representation for self-localisation and place localisation
tasks among three Kindle map scales. A lower task failure rate was also perceived
on the map scale of 1: 4,000 on Kindle, and the subjective score for this map scale
was significantly higher than the other two map scales. Other data, especially
qualitative data structured from the study, also contributed further explanations to
these findings.
This chapter firstly discusses the key findings and the explanations to the key
findings, and then it discusses the methodology used in the study. The limitations
of the study and the potential further studies are explored in the last two sections.

5.1 Discussion on findings
Although the study was divided into two parts and there were six hypotheses in the
experiment, main findings are summarised and discussed in this section as a whole.
The explanations of these results are made from both empirical and theoretical
perspectives.
Firstly, the map scale of 1: 4,000 enabled a significantly better task performance on
the localisation tasks including self-localisation and place localisation, compared
with the other two map scales on Kindle: 1:2,000 and 1:8,000, a faster response to
the whole task set than the map scale of 1: 2,000 and a lowest task failure rate
among three Kindle maps and the paper map. In addition, although the subject
scores were proved to have no significant correlation with the response time to
tasks and the numbers of task failure, the map scale of 1:4,000 got a significantly
higher score than the map scale of 1:2,000 and 1:8,000. In terms of information
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level, the types of information were identified to be highly relevant to task
performance. According to the qualitative data, sightseeing was required to be put
on the map as many as possible and famous shops and restaurants were also
required. Specifically, at least two tube stations or bus stops were required to be
included in one viewing area.
The main explanation to the findings is that in one viewing area, the map scale of
1:4,000 showed a larger area compared with the map scale of 1: 2,000 and clearer
information compared with the map scale of 1:8,000. This meant that the spatial
information was represented in a comprehensive and clear manner. Theoretically,
Nelson (1994) concluded that reaction time of finding a target item depends on the
amount of visual item, while Lloyd and Bunch (2003) suggested that optimising of
information available on maps contributes to reducing the cognitive load of map
users. In more detail, map with the scale of 1: 4,000 was able to show an area
which is four times larger than the map with the scale of 1:2,000. According to the
famous Gestalt theory in the studies of visual perception, people understand
external environment or stimuli as organised patterns rather than the sum of
different parts (Banerjee, 1994). When map readers are carrying out their tasks, no
matter simple tasks or complex tasks, they utilise the information around them
together to finish the task. The map with the scale of 1: 4,000 provided an
appropriate amount of information and a clean organisation of information and
thus the participants were able to see a larger area with more contexts at one time.
Therefore it was confirmed to be easily understood and utilised by the participants
when they were carrying out the task. On the other hand, though the map with the
scale of 1: 8,000 showed an even larger area than the map with the scale 1: 4,000,
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it failed to clearly show general information of a larger area on a small screen. Too
much general information busted into participants’ viewing area at one time. Eight
participants complained that the symbols were small and cluttered the screen.
Another explanation to the findings is that the map with the scale of 1: 4,000
removed some local information from the map compared with the map scale of 1:
2,000 but added more detailed information compared with the map scale of 1:
8,000 and thus it was suitable for self-localisation and place localisation tasks.
Theoretically, within Reichenbacher’s conceptual framework, context and task
together affect the information required by users. Another theory which can be
related with this finding is the cognitive load theory again. When information and
scale represented on the map fit the task, the information needed was able to be
perceived and found quickly to facilitate the task execution, because the cognitive
load of participants was reduced (Mennecke et al., 2000). Specifically, in the
context of self-localisation and place localisation, the participants were observed to
use different references, such as a building, a school, an attraction or a famous
shop, to locate another site. The map with the scale of 1:2,000 labelled every site
with names and symbols. Therefore when participants were randomly searching on
the map, too much detailed information was given. Checking them one by one was
time consuming. On the other hand, without particular information, such as a grey
area without any label, the participants were unable to link the spatial information
with the real world, which reduced the efficiency of task execution. As Board and
Taylor (1977) discussed, linking the spatial information with the real world is a
basic task for other complex map tasks. Appropriate information on the map scale
of 1: 4, 000 provided a way in which the information on the map could be decoded
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efficiently and effectively by map readers in the context of self-localisation and
place localisation.
Specifically, in terms of the route planning task, there was another finding worthy
to be discussed. Although the response time to route planning task was
insignificantly lower on the map with a smaller map scale of 1: 8,000 in the
experiment, maps with smaller map scale was reported verbally to be helpful when
the participants were planning a route between two sites. Smaller scale leisure map
is useful in the route planning because of “a whole picture” of the area can be
represented in one viewing area. However, maps with smaller map scale usually
convey fewer details. In terms of the lack of information which might help to
decide where to go next, the participants also reported that they would plan a route
first and explore the area by themselves.
On the other hand, though the difference in terms of the response time to route
planning task on different maps was not significant, the response time spent on the
map with the scale of 1: 8,000 was indeed shorter than the other three maps
observed. However the shorter response time was identified to be the result of
rough route planning. An explanation of this phenomenon was given by the
analysis of the videos. The participants spent more time on “reading” other three
maps, because more information was shown on the other three maps. Therefore
when they were planning the route on these three maps, they compared two or
more routes and tried to cover as many interesting places as possible. Especially on
the paper map, six participants used their fingers to mark the start point of the route
on the paper map and checked other information on the other side of the map.

- 57 -

After comparing with other information or routes, the participants changed their
route plan. On the map with the scale of 1: 4,000 and 1: 2,000, the detailed
information showed on these two maps stimulated the ideas of “where to have
fun”, which cost time during the task execution in the experiment. This observed
phenomenon provided evidence to MacEacheren’s (1995) statement: maps serve
not only the needs of communication but also the needs of evoking ideas.
Consequently, what kinds of stimuli can be put on the map to evoke tourists’
interests of the area can be further explored.

5.2 Discussion on methodology
Firstly, this study focused on the map scale which is recognised as a basic map
element by cartographers (Robinson et al., 1995; Tyner, 2010; Krygier and Wood,
2011). It partly addressed one of the three design constraints, as discussed by
Brewer (2005) and Tyner (2010), brought by map itself: the particular scale
governs how much area can be covered on the map. Furthermore, the study,
especially the prototype developed in the experiment, employed the operations of
generalisation. It showed how scale affects generalisation in map design and thus it
is evidence of McMaster and Shea’s statement (1992): generalisation should be
approached differently for different maps.
Secondly, the combined use of quantitative and qualitative data collection methods
contributed various data to the study and also built a solid foundation for the
research. Monmonier and Schnell (1992) pointed out that the existing researches
(e.g. Wood, 1993 and Brodersen et al., 2000) in cartography area were rarely
conducted by using qualitative data as the foundation of quantitative studies. In this
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study, qualitative data which was collected through field observation and semistructured interviews, gave a foundation to the next stage in which quantitative
data collection methods were mainly involved. Because the nature of the
qualitative data collection methods is that they allow the definition of variables to
be changed during the experiment (Tesch, 1990) and provide complex and deep
explanations to either the questions or consequence (Miles and Huberman, 1994),
the qualitative data was set as the premise of the experiment and the prototype
development. By using these methods, the task sets and scale ranges (preset
variables) used in the experiment were generated through a methodology rather
than the designer’s own thought. Furthermore, the quantitative data collection
methods involving cognitive test and questionnaire were then used in the
experiment, because they are suitable for finding out and confirming the
relationship between preset variables (Suchan and Brewer, 2000). The cognitive
test design was based on previous research (Bartz, 1970; Kimerling, 1975; Potash,
1977; Nelson, 1994), with a careful consideration of high-level cognitive tasks and
experimental design. In order to complement the quantitative data, qualitative data
was also collected by think-aloud protocol during the tasks and interviews after the
tasks. These data was further analysed to contribute main explanations to the
results (Suchan and Brewer, 2000). Among these qualitative methods, think-aloud
protocol was proved to be effective to give an insight into participants’ thoughts
and experiences when the tasks are in process. The usefulness of think-aloud
protocol on cognitive cartography was another evidence to Brodersen et al.’s
cognitive study of map reading performance (2002) in which think-aloud protocol
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was recognised as a useful method for investigating users’ thinking of visual
search strategies.
Thirdly, the methodology of this study combined the knowledge from cartography,
human-computer interaction and cognitive theory. Human-computer interaction
and cognitive theory contributed not only methods but also frameworks and
theories to the cartography-related topics. Reichenbacher’s conceptual framework
for mobile cartography (2001) was employed to force the study to focus on map
users and Tyner’s decision making process (2010) was used to guide the prototype
development and experiment design. Moreover, the combination of knowledge
from different areas was another solid foundation to this study. Based on the
Reichenbacher’s (2001) and Brown and Chalmers’s (2003) task models and task
analysis for map reading. This study updated the task categories by conducting
study in the real world. In terms of cognitive aspects of cartography and
geographic information science, similar to researches which focused on the
perception of map elements (Bartz, 1970; Montello, 2002; Lobben, 2004), this
study used scale as a physical stimulus. In addition, as suggested by Blades and
Spencer (1986), in order to avoid “low-level cognitive tasks”, this study employed
“high-level cognitive tasks” which involved reasoning, analysis, and decisions
taking. To sum up, in this study, using the maps or map elements as stimuli to
research users’ map-related behaviour and contributing to the cartography in turn
provided an example of combining human-computer interaction and cognitive
theory with cartography and geographic information science, which is meaningful
to other studies yielded from these areas.
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5.3 Limitations
Careful planning and experiment design have been introduced into the whole study
in order to generate trustful conclusions. However, due to the time constraint,
limitations were recognised to have potentially affected the results and findings of
the study.
Firstly, although combining methods, theories and frameworks from three different
areas was recognised as a novelty of the study, a lack of mature and special
theories (Lobben, 2004) which can be used directly in the research caused some
difficulties to the procedures and experimental designs. As a result, the findings
remain limitations on the theoretical procedures.
Secondly, the first part of the study focusing on a field investigation in the real
world has provided useful outcomes to the second part of the study. However, a
small sample involving only ten tourists in the first part of the study is definitely
insufficient. Although combining with the literature review of map task analysis
might offset the insufficient samples, limitation on the task sets used in the
experiment should be acknowledged.
Thirdly, similar to the task sets, although the greyscale PDF maps were developed
according to the literature review of map design principles and the data from the
first part of the study, the amount of the greyscale maps used in the experiment
was limited by the time constraint of the study. Therefore, the extension of the
results was limited.
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Fourthly, although the three map scales used in the experiment was chosen
according to the literature review and the results of the first part of the study, there
are obviously more map scales used in the real world. Therefore the estimation of
appropriate scale made in this experiment is limited, and further studies involving
more scales should be carried out.
Fifthly, in the second part of the study, a paper map was used as a baseline tool to
compare with Kindle maps. Because the main focus of this study was the
comparison among Kindle maps, the paper map tasks were carried out separately.
This means that the results of comparison between the paper maps and the Kindle
maps have limitations, compared with other experiments focusing on the pairwise
comparison between paper map and another map type, such as digital map or web
map.
Finally, only one paper map was used in the experiment, though the paper map
itself is extremely popular. Similarly, only one XML stylesheet was involved in the
prototype development. Although the main focus of this study was the map scale
rather than the map style, the effect of style on participants’ task performance
cannot be ignored.

5.4 Further research
The expectations expressed by the participants and the results and findings of the
study yield possibilities for further research.
Firstly, the relationship between tasks and map scales on Kindle is worthy to be
further studied. Because this study only focused on three map scales and four task
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types, further exploration of the relationship between a larger range of task
activities and map scales will contribute to designing maps in the consideration of
map purpose. Furthermore, focusing on the map purpose and designing maps for
particular tasks are extremely helpful to overcome the limitations of Kindle itself.
Secondly, the electronic paper screen of Kindle makes it become a “paper like”
medium for maps. This feature takes many advantages from real papers. Through
the comparison between Kindle map and paper map, it is possible to discover the
potential directions for Kindle maps.
Thirdly, Kindle is a mobile device. Therefore the comparison between maps on
digital devices, such as iPad and Kindle, will contribute more data to the
comparison of two mobile map mediums. An interesting area evoked by this study
is the comparison between static maps with fixed scale on Kindle and real-time
map with adaptive scales on mobile phones. Whether the task performance of
mobile phone map readers is always better than Kindle map users has never been
answered from an empirical perspective.
Last but not least, because map scale is one element of various map elements, other
map elements, such as symbols and greyscale levels, can be set as physical stimuli
and the perceptual and cognitive process relevant to them can be further explored.
These further studies will help to understand map reader’s cognition and design
better maps regardless of the map mediums.
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Chapter 6. Conclusion

The findings of this study showed that a map scale of 1:4,000 can be used on
Kindle to support map users’ typical tasks by comparing individual typical mapbased task performance with that on a smaller scale of 1:8,000 and a larger scale of
1:2,000. The findings of this study also confirmed that the map scale is relevant to
tasks and task performance. Recommendations to levels of information represented
on maps were given based on the result.
The map with the scale of 1:4,000 supported a quick search on self location and
place location tasks, provided an accurate way to typical map-based tasks and got a
general higher subjective score from users. As a result, in terms of efficiency,
effectiveness and satisfaction, the map with the scale of 1:4,000 is more
appropriate for Kindle maps than a smaller scale of 1:8,000 and a larger scale of
1:2,000. This can be explained from three aspects. Firstly, with a small size screen,
the map with the scale of 1:4,000 is able to cover an appropriate area within a
singular and static field rather than a too small area on the scale 1:2,000 or a too
large area on the scale 1:8,000. Secondly, the map with the scale of 1:4,000 is able
to represent an appropriate level of information compared with too much detail on
the scale 1:2,000 and visual clutter on the scale 1:8,000. Thirdly, the appropriate
scale and the level of information represented on the map support the visual search
process and reduced the cognitive load of the map readers. Therefore map readers
are able to carry out typical map-based tasks and communicate with the map
easily. In contrast, the limited area and the redundant detail represented on the
scale of 1:2,000 cause troubles to the map readers. Small area means it is difficult
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to have enough contexts which were necessary to support tasks while redundant
detail adds a heavier burden on the cognitive load. In terms of the map scale of
1:8,000, it is not easy to present information of a large area with a level of detail
clearly on Kindle. Because the visual clutter makes troubles to visual search and
adds a cognitive load when the map readers are carrying out high-level cognitive
tasks.
Because the study aims at comparing the task performance on different Kindle
maps with different scales, and investigating the relationship among tasks, task
performance and scales, both quantitative and qualitative data is required. As a
result, a field observation with interviews and an experiment with think-aloud
protocol, questionnaires and interviews were taken to capture data.
This study goes beyond the combination of data collection and analysis methods. It
combined the methods, theories and frameworks from human-computer
interaction, cartography and cognitive cartography. With the goal and techniques
from human-computer interaction, the Kindle maps with different scales were used
as stimuli in the cognitive test and the results contributed to the cartography in
turn. By bridging the gap between multiple disciplines, the findings of this study
provide information to both cartographers and human-computer interaction
designers.
In sum, findings of this research showed that an appropriate map scale should be
chosen for Kindle, with the consideration of Kindle maps’ purposes and typical
tasks. The scale 1:4,000 is estimated as a proper scale which can convey spatial
information of a particular area clearly without presenting a redundant level of
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information. With this scale, main information required should be highlighted and
redundant information should be reduced according to map users’ goals. The
findings of this study contribute to Kindle map design, map-based task analysis
and cognitive aspects of geographic information science. The findings can be
further extended to maps on other mobile devices and paper maps. Also, the study
as a whole contributes to the interdisciplinary research, especially the research
required a combination of human-computer interaction, cartography and cognitive
theories.
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Chapter 8. Appendix

Appendix 1 PDF Map in Part1 of the Study
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Appendix 2 Informed Consent Form for Participants in Research
Studies (P1)

Title of Project:
Appropriate map scale - How much detail should be captured or represented on a
Kindle leisure map?
This study has been approved by the UCL Research Ethics Committee as Project ID
Number:
MSc/1112/009
Participant’s Statement
I ________________________________ agree that
 I have read the information sheet and/or the project has been explained to me
orally;
 I have the opportunity to ask questions and discuss the study; and
 I have received satisfactory answers to all my questions or have been advised
of an individual to contact for answers to pertinent questions about the
research and my rights as a participant and whom to contact in the event of a
research-related injury.
 I understand that the study will be taped/video recorded, and I am aware of, and
consent to, any use you intend to make of the recordings after the end of the
project.
 I agree to be contacted in the future by UCL researchers who would like to invite
me to participate in follow-up studies.
 I understand that the information I have submitted will be published as a report and
I will be sent a copy. Confidentiality and anonymity will be maintained, and it will
not be possible to identify me from any publications.
 I understand that I am being paid for my assistance in this research and that some
of my personal details will be passed to UCL Finance for administration purposes.
I understand that I am free to withdraw from the study without penalty if I so wish
and I consent to the processing of my personal information for the purposes of this
study only and that it will not be used for any other purpose. I understand that
such information will be treated as strictly confidential and handled in accordance
with the provisions of the Data Protection Act 1998.
Signed:

Date:

Investigator’s Statement
I ________________________________ confirm that I have carefully explained
the purpose of the study to the participant and outlined any reasonably foreseeable
risks or benefits (where applicable).
Signed:
Date:
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Appendix 3 Semi-structured Interview Questions in Part1
A:
1. I noticed you…, could you please tell me why you did like that?
2. What kind of map do you use? Paper or electronic?
3. (If electronic) What kind of device do you use?
4. What kind of activities you usually do on the map?
5. How much information you want to get from map? (Or which map scale do you
usually use?)
B:
1. Have you ever used a Kindle before?
2. (If yes) What do you usually do on the Kindle?
3. What do you think of the map I just showed to you?
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Appendix 4 PDF Maps in Part2 of the Study
Map with the scale of 1:2,000

Map with the scale of 1:4,000
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Map with the scale of 1:8,000
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Appendix 5 Paper Map in Part2 of the Study
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Appendix 6 Task Sets in Part2 of the Study
Task set A
Please image that you have located Covent Garden area first.
1) Locate Brewer Street.
2) Locate Trocadero Centre (Building).
3) Estimate the distance between 1) and 2).
4) Plan a walk round this area. The route should be start from anywhere of Covent
Garden area, include one place you interest. Please include as many places you
interest in as you can. And also include one place you can have lunch, dinner or
cafe.
When you are exploring, speak out what do you think.
Task set B
Please image that you have located Covent Garden area first.
1) Locate Phoenix Street.
2) Locate Pizza Hut (place you can have lunch).
3) Estimate the distance between 1) and 2).
4) Plan a walk round this area. The route should be start from anywhere of Covent
Garden area, include one place you interest. Please include as many places you
interest in as you can. And also include one place you can have lunch, dinner or
cafe.
When you are exploring, speak out what do you think.
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Task set C
Locate Covent Garden area first.
1) Locate James Street.
2) Locate M&S (shop) .
3) Estimate the distance between 1) and 2).
4) Plan a walk round this area. The route should be start from anywhere of Covent
Garden area, include one place you interest. Please include as many places you
interest in as you can. And also include one place you can have lunch, dinner or
cafe.
When you are exploring, speak out what do you think.

Task set D
Locate Covent Garden area first.
1) Locate King Street.
2) Locate Admiralty Arch (sightseeing).
3) Estimate the distance between 1) and 2).
4) Plan a walk round this area. The route should be start from anywhere of Covent
Garden area, include one place you interest. Please include as many places you
interest in as you can. And also include one place you can have lunch, dinner or
cafe.
When you are exploring, speak out what do you think.
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Task set E
Locate Covent Garden area first.
1) Locate Great Queen Street.
2) Locate Banqueting House (sightseeing).
3) Estimate the distance between 1) and 2).
4) Plan a walk round this area. The route should be start from anywhere of Covent
Garden area, include one place you interest. Please include as many places you
interest in as you can. And also include one place you can have lunch, dinner or
cafe.
When you are exploring, speak out what do you think.

Task set F
Locate Covent Garden area first.
1) Locate Floral Street.
2) Locate Canada House (sightseeing).
3) Estimate the distance between 1) and 2).
4) Plan a walk round this area. The route should be start from anywhere of Covent
Garden area, include one place you interest. Please include as many places you
interest in as you can. And also include one place you can have lunch, dinner or
cafe.
When you are exploring, speak out what do you think.
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Appendix 7 Information Sheet for Participants in Part2

Title of Project:
Appropriate map scale - How much detail should be captured or represented on a Kindle
leisure map?
This study has been approved by the UCL Research Ethics Committee as Project ID Number:
MSc/1112/009
Name, Address and Contact Details of Investigators:
Bing Cui
UCL Interaction Centre
Division of Psychology & Language Sciences and Department of Computer of Computer
Science
University College London
London WC1E 6BT
Mobile: 07428415640
I would like to invite you to participate in this research project. You should only participate if
you want to; choosing not to take part will not disadvantage you in any way. Before you decide
whether you want to take part, please read the following information carefully and discuss it with
others if you wish. Ask us if there is anything that is not clear or you would like more
information.
Details of Study
The map scales and levels of information on a Kindle map will be researched in this study, with
the consideration of map-based task activities and context in which the map is used. The
appropriate map scale (how much detail should be captured or represented on a Kindle leisure
map) will be studied, rather than the participants. The study will take 1.5 hour approximately.
Here are the process followed in the study:
1) You will be informed the purpose of study and how to carry out think aloud protocol.
Questions about the study are welcome. (10 minutes)
2) You will be given time to familiar with the maps. (15 minutes)
3) You will carry out 4 sets of task (each set of task includes 4 sub-tasks) with 4 map scales
respectively. Task completion time and performance will be recorded by a video recorder
and a timer. Specifically, scenarios will be shown in the 4th sub-task. Tools are available
such as pencil and paper. You will be encouraged to think aloud (talk your thoughts during
the experiment). (30 minutes)
4) You will be asked to think aloud and fulfil a questionnaire after each task set. (10 minutes)
5) A summary/thank section. (10 minutes)
Gift
£5 and having a chance to win £50.
It is up to you to decide whether or not to take part. If you choose not to participate, you won't
incur any penalties or lose any benefits to which you might have been entitled. However, if you
do decide to take part, you will be given this information sheet to keep and asked to sign a
consent form. Even after agreeing to take part, you can still withdraw at any time and without
giving a reason. All data will be collected and stored in accordance with the Data Protection Act
1998.
If you do decide to take part, please let us know beforehand:
Your general information (age, name, profession, sex).
Your email and mobile phone number (only for the purpose of contacting with you).
Have you ever used maps before?
Have you ever used Kindle or other e-readers before?
Do you speak English fluently?
These data will be used in the study only. They will be used in accordance with the Data
Protection Act 1998.
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Appendix 8 Informed Consent Form for Participants in Part2

Title of Project:
Appropriate map scale - How much detail should be captured or represented on a
Kindle leisure map?
This study has been approved by the UCL Research Ethics Committee as Project ID
Number:
MSc/1112/009

Participant’s Statement
I ________________________________ agree that









I have read the information sheet and/or the project has been explained to me
orally;
I have the opportunity to ask questions and discuss the study; and
I have received satisfactory answers to all my questions or have been advised
of an individual to contact for answers to pertinent questions about the research
and my rights as a participant and whom to contact in the event of a researchrelated injury.
I understand that the study will be taped/video recorded, and I am aware of, and
consent to, any use you intend to make of the recordings after the end of the project.
I agree to be contacted in the future by UCL researchers who would like to invite
me to participate in follow-up studies.
I understand that the information I have submitted will be published as a report and
I will be sent a copy. Confidentiality and anonymity will be maintained, and it will
not be possible to identify me from any publications.
I understand that I am being paid for my assistance in this research and that some of
my personal details will be passed to UCL Finance for administration purposes.

I understand that I am free to withdraw from the study without penalty if I so wish
and I consent to the processing of my personal information for the purposes of this
study only and that it will not be used for any other purpose. I understand that such
information will be treated as strictly confidential and handled in accordance with
the provisions of the Data Protection Act 1998.
Signed:

Date:

Investigator’s Statement
I ________________________________ confirm that I have carefully explained
the purpose of the study to the participant and outlined any reasonably foreseeable
risks or benefits (where applicable).
Signed:
Date:
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Appendix 9 Original Qualitative Data in Part1
T1-Data from the field obsertavion
Scale
NO.
activity doing
information needed
map type using
using
estimating the distance between sightseeing, underground station, a planned
P01 1: 12, 500
paper map
two attractions
route, hotel, big shops,
underground station, big shops, sightseeing,
P02 1: 10,000
finding London Tower
paper map
restaurant
iphone
P03 1: 5,000
finding Hamleys nearby
event information, traffic, bus station, big
paper map
P04 1: 10, 000 planning how to go to Horse gard
famous spots, bank or cash point
paper
P05 1: 4, 000
finding Nandos and extra
place where can have lunch and
iphone
P06 1: 4, 000
locating where I am
intereting places around me
Android
P07 1: 5, 000
planning how to go to British
more information of some popular
Android
P08 1: 8, 000
finding China Town
where to eat, detailed information of the
iphone
P09 1: 4, 000
finding how to go to Big Ben
a planned route, highlight traffic spots
iphone
P10 1: 2, 000
finding somewhere to eat
hotel, café, shop, ATM, bus station.

T2-Data from the interview
NO.
Kindle
activity done on Kindle
how do you think about the Kindle map
P01
N
NA
clear, but too slow
P02
N
NA
clean and clear, no colour
P03
Y
Reading book, used to have a PDF as guidebook, it is useful, but not useful if
P04
Y
Reading book
Woooo, I have never imagined a Kindle
P05
N
NA
Don't like it, because I have my phone or
Reading book, used to have a
It is fine, but I like my google map on the
P06
Y
screen shot of Google map
phone…
P07
N
NA
I will try to have a tourist guidebook in it.
P08
Y
Reading book, used to have a PDF a planned route will be better, and give me
P09
Y
Reading book
don't like it, no colour, no GPS
don't like it, two small, a touchable
P10
Y
Reading book
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Age

24
26
25
23
25
23
22
27
24
23
26
23
22
25
22
23
29
27

No.

P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18

M
F
F
F
M
F
F
M
M
F
M
M
F
F
M
F
M
M

Sex

Email

Student
j.qi.11@ucl.ac.uk
Student
sejjdaw@ucl.ac.uk
Student
j.chen.11@ucl.ac.uk
Student
sherrma66@msn.om
IT
d.tsang@ucl.ac.uk
Student
ucjtdua@ucl.ac.uk
Student
tu.manli@ucl.ac.uk
Student
gimanin@gmail.com
Student
e.pisani.11@ucl.ac.uk
Student daliachabarek@gmail.com
Analyst
natevatt@gmail.com
Student
xiaohai0212@gmail.com
Student
y.ahn@ucl.ac.uk
Student evgenia-eleni.patsoule@ucl.ac.uk
Student
c.ye.11@ucl.ac.uk
Student
renyu.zhang@ucl.ac.uk
PHD
farzad2200@yahoo.com
PHD
michalis.vitos.11@ucl.ac.uk

Profession
07955526738
07854452356
07955556226
07427342679
07727635757
07429286399
07552860089
07842428921
07904847250
07873896219
07747501548
07429467510
07792920062
07513858365
07500129698
07428270447
07414897373
07577144675

Mobile Phone

Have you ever used maps (paper
or digital) before?
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Have you ever used Kindle
before?
Y
N
Y
Y
Y
N
Y
N
Y
N
Y
Y
Y
Y
N
Y
N
Y

Have you had a long walk
near Covent Garden before?
N
Y
Y
N
Y
N
N
N
Y
Y
y
N
N
Y
Y
Y
Y
Y

Appendix 10 Participants Information in Part2
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Appendix 11 Original Quantitative Data in Part2
T1=Time of locating a special street
T2=Time of locating a special place
T3=Time of estimating distance
T4=Time of planning a walk route
NO
P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18

Tasktype 1:2,000
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4

45
56
42
39
48
48
42
47
40
25
36
39
43
38
26
39
42
41
22
30
35
32
43
31
21
33
28
29
31
28
42
36
30
29
32
34
40
35
30
32
26
26
23
28
30
31
26
22
25
27
31
28
32
31
145
146
121
126
129
95
119
136
108
139
125
145
130
112
109
134
121
124

1:4,000
15
12
12
11
18
20
11
16
9
13
12
16
19
22
12
9
16
12
16
16
10
27
13
35
17
19
19
22
16
18
26
18
21
24
27
16
19
17
27
19
17
16
19
15
20
19
17
14
15
16
18
22
19
23
148
203
124
129
112
115
125
123
116
119
120
124
132
126
124
122
109
131

Scale1=1:2000
Scale2=1:4000
Scale3=1:8000
PaperMap=1:10000
T6-Errors and assistances
PaperMap
1:8,000
Task Type 1:2,000
1:4,000
1:10,000
8
26
15
35
27
38
26
33
25
30
19
25
29
20
36
26
31
17
44
62
52
36
41
65
53
49
48
56
53
47
63
54
59
61
62
60
14
16
16
19
13
21
16
17
20
16
26
11
19
19
19
30
19
26
72
125
329
120
150
82
83
110
92
89
85
89
84
86
94
116
124
81

18
25
15
27
32
23
38
35
32
30
29
27
27
34
29
36
22
29
16
33
26
46
35
23
10
13
25
24
21
15
32
36
39
38
40
39
43
77
35
52
76
85
55
79
85
62
55
47
42
59
76
51
56
42
118
123
121
142
125
121
130
126
135
123
146
110
124
126
136
124
122
118

T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T3
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4
T4

0
0
0
0
0
0
0
0
1
0
1
0
0
0
0
1
0
0
0
0
0
1
0
0
0
1
0
1
0
0
1
0
1
0
0
0
0
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
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0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

1:8,000
0
0
1
1
0
0
1
0
1
0
1
0
1
1
0
0
1
0
0
1
0
1
0
1
0
0
1
0
0
1
0
1
0
1
0
0
0
0
1
0
1
0
1
0
0
0
1
0
1
0
1
0
0
0
0
0
0
1
0
0
0
1
1
0
1
0
0
0
1
0
0
1

PaperMap
1:10,000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1
0
0
0
0
0
0
0
1
0
0
1
0
1
1
1
0
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0

T6-score and task performance
NO.
S1 Time 1 Failure 1
P01
6
252
0
P02
5
267
1
P03
7
228
1
P04
6
229
2
P05
7
246
0
P06
6
200
0
P07
5
205
0
P08
7
244
1
P09
6
206
1
P10
4
224
1
P11
7
218
1
P12
8
234
0
P13
3
240
1
P14
7
213
1
P15
6
196
1
P16
6
230
1
P17
7
227
0
P18
6
230
0

T5-General Score
NO.
1: 2,000
P01
6
P02
5
P03
7
P04
6
P05
7
P06
6
P07
5
P08
7
P09
6
P10
4
P11
7
P12
8
P13
3
P14
7
P15
6
P16
6
P17
7
P18
6

1:4,000
8
6
5
7
8
7
8
8
8
4
8
6
6
8
9
8
8
8

S2 Time 2 Failure 2
8
198
0
6
248
0
5
173
0
7
186
0
8
160
1
7
186
0
8
172
0
8
173
1
8
164
0
4
173
0
8
165
0
6
172
1
6
192
0
8
182
0
9
175
1
8
177
0
8
171
0
8
182
2

1:8,000
8
6
3
3
6
7
7
5
6
7
6
4
7
4
7
2
6
7

S3
8
6
3
3
6
7
7
5
6
7
6
4
7
4
7
2
6
7

1:10,000
9
6
7
5
9
8
6
9
8
5
8
8
8
9
7
4
5
5
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Time 3 Failure 3
138
0
229
1
412
2
210
3
231
1
206
1
178
2
209
1
185
3
191
0
183
3
172
1
195
2
179
2
208
2
233
1
236
1
184
1

S4
9
6
7
5
9
8
6
9
8
5
8
8
8
9
7
4
5
5

Time 4 Failure 4
195
1
258
0
197
0
267
1
268
0
252
2
233
1
253
1
277
0
239
1
251
1
199
1
225
1
255
1
280
0
249
0
240
0
228
0

Appendix 12 Original Qualitative Data in Part2
Script-P01
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
The participant asked which icon represents sightseeing, asked whether he can
go further, asked what does the scale mean.
colourful, bold fonts, highlights
can't focus on the area interested
small places that I might find them interesting
/
/
slow, colour
small street, shops' names
/
proper information
slow, not enough contrast
colour, the speed of opening the map is too slow
/
very detailed
incompleted information about a single road, colour, contrast
since it is fixed, some information about roads are cut out from the map.
The participant tried to zoom in or out the map by touching; he thought the
speed of the Kindle is too slow to open the map.
planning the route;
When he was using the kindle map, he included as many shops as possible
when planning the route.

Script-P02
Aspect
1:10,000 (during)
1:10,000 (likes)

1:10,000 (dislikes)

1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
The participant was randomly looking for the whole map; using signs for
sightseeing; looking for help; using the back of the map;
using legend; using the scale; looking for interesting places (especially looking
for the type, e.g. gallery)
/
Difficult/takes time to locate some place, especially when someone is not
familiar with the city;
No route planner. I have to plan it by myself which might be annoying when I
want to go to some place far away from my location;
No briefs about some place, e.g. street No. I can just locate the place on street
No legends for sightseeing or whatever;
No brief introduction to how to use this map, for example leading the users to
read the index at the back first rather than looking at the map ramdonly.
searching randomly again; don't think there is symbol or sign for a building;
want to have more information about a place, e.g. what's this center?
a good complient; shows more generallly which I always like.
slow; details are missing; would be better f more details could be added
legends; tourist attractions/eating places
when the user was looking for the interesting places, she looked confused by
some of the signs on the map and had no idea about what they are.
more general profile about the place on the map, so I have a more general
Slow to open; some details are missing.
Legends again, have no ideas what these signs mean
It is very easy to find a place on this map; using signs for shops and
supermarkets; the low contrast make it difficult to tell the shop name.
I do think it is easier to carry than paper maps as we could store many maps in
/
use.
I do think it is easier to carry than paper maps as we could store many maps in
it.
e.g. the observer, the index and previous knowledge.
when the user was looking for the interesting places, she looked confused by
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Script-P03
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes
Script-P04
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)

1:2,000 (missing information)
General comments
Observation notes

Script
the participant could not find any place to have a lunch because there is no sign
clear, simple to use, well-coloured, light and easy to carry
hard to locate an unfamiliar place, can't tell route diretly; no recommodations
for meals and sightseeings.
estimated route/time/distance; recommendated interested points.
she felt it is very difficult to plan a route on this map because there are a lot of
information is missing, especially the shop and restaurant names.
/
streets and roads are not clear, reasons can be the colour, the scale, the icons
and the accuracy of the map.
icons for shopping and eating, even sightseeings are missing; functions like
searh, locate and route planning are missing.
she tried to use the map to locate a interesting area;
she used the restaurant names on the map to decide which one to go, she
chose a area with more icons
/
the accuracy of the map. Scale is less clear, so the icons are clustered.
less stores and restaunts are missing from the map
the participant tried to find tube but failed, also she tried to use the shop
names a lot when planning the route
she saide she wanted more information about the neibourhood.
The scale is comfortable to use, clear enough. The icons are well-designed, so
information are categorised into different streams.
/
/
I may have to zoom out the map too get an overviwe or I need a extensive map
losing confidence when using the M-8000. tried to touch screen to zoom in or
out.
Script
the participant asked whether the red icon meas the sightseeing or not; she
planned a big area on paper map
paper map is convient to take and can give you a general conception of the
whole city; the colour is ueful and easy to distinguish places.
I think paper map is too big and lack of marks; The names of the roads/streets
are always too clustered, you can't distinguish roads.
paper map doesn't have marks for restaurants or shops or bus stations.
she said that she had no idea about the symbols so she needed the legend;
there is also contrast problem
/
no detailed information; low contrast; it is not clear about buildings and
squares; can't distinguish roads, buildings.
There is no any detailed information and symbols.
she combined the symbol and the name under it to make decision; she thought
the familiar or famous names of the spots were helpful
it is clear and it has more information
low contrast, some problem as M-2000
N, S, W, E, bus station and underground station.
she thought the name of some stores or eating spots were useless and she
does not care.
She thought more information about the spots should be provided, e.g. the
It is very clear for different roads; It has more information than paper map
The grey areas are very confusing for me. For example, there is a shop in the
middle of the grey areas.
The colourful map looks better than white/black ones.
There is no name of different restaurants; because all the areas are grey, I don't
know whether I can go across it or not;
There is no marks for North, South, West and East.
she will use the maps for exploration, not just refer it exactly;
she tried to touch the screen.
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Script-P05
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes
Script-P06
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
looking around a familiar area; looking for signs; always start from station;
the colours make it easy to look for roads; keyy icons such as sightseeing; street
/
places to eat
street names; shop names; search each road; tried to find station but failed;
always start from a center area.
more roads, can have a better understanding of the area which allow me to
lack of information
appearous less information about food/sightseeing places.
looking around; used icons; not much details on the map but enough
has more roads which makes it more useful to explore the area
if there were more points of interset it will be better.
/
used main road; thought the bold font is very helpful during the task; less
details but can plan a long route.
additional info such as shop names made it easier to find places to eat, but
appears a lack of sightseeing places
no colour - feels more complex to find items; a lack of sightseeings.
underground station; sightseeings.
/
the participant tried to start from a station, if failed he went to find center area
of the map, if failed again, he went to the interesting area (more icons.
Script
The participant was looking for white road and red symbols; she could not find
and understand the scale on the map; a big area was involved
It is light to carry it out; can be folded; can be marked; easy to pass and discuss
fold the map may damage it; sometime it is too big to find the target you are
looking for;
No transport information; No time estimation method.
she felt a little by the grey area, she thought it should be in different levels
have some large, significant text to help me make decision
road is not very clear, I can only see the main roads.
Bus station
felt confused about the different symbols of different restaurants; she said that
the text of the shops and the road looked so similar
/
Difficult to distinguish the road name and restaurant name when you quick
search on the map;
I need some highlight area to help me make a decision when I have no idea
The relation between the text and restaurant. Some have names and some not.
No significant sightseeings location.
using shop symbols but no texts; she said that it is such a small area that the
map might be usefuless because she could explore it by herself.
easy to find the shop information and relocation restaurant and shopping
I can't find an interest location in the map and difficult to decide the route; may
Only shopping information on the map.
/
map from left to right, while refer familiar area to find the destination on paper
map.
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Script-P07
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)

1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)

1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes
Script-P08
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
have no idea of the map scale, what's the meaning of it? No sign for meals.
Plan a long route in a big area.
We can see the overall scene of the whole city or country.
It can't show all the buildings around one location, only shows some central
spots;
The scale of the paper map is a little difficult to understand. And the scale of a
spots;
lack of the detailed geographic characteristics of one location;
lack of information about entertainment.
grey area search; no restaurant names.
It shows the streets and big districts in different colours which is easy to tell;
the street names are highlighted.
Shows the layout of each area
information are very abstract and without oriental signals;
no details about shopping place and offical locations.
signs of restaurants and other entertainment places; transport information;
street numbers; famous sightseeing spots.
information are very abstract and without oriental signals
no details about shopping place and offical locations
using symbols
the categories of places are detailed; people can easily search for specific
places according to the street number.
the colour is white and black which makes the signals unclear
information of tube station; sightseeing signal is not outstanding; schools
ask the meaning of a symbol (cup), legend needed
We can tell the street numbers on the map.
It only displays a small area and the information is not detailed except shops;
transport; the names of some restaurants; banks and sightseeings.
/
try to touch the screen to zoom.
Script
colour is helpful, it is more familiar for me to use this map. I don't understand
the red symbol. I will not calculate the exact distance in the real world
if well designed, they are clear; allow for exploration; not particular tech
easily destroyed, not sustainable; restricted in one location; not often welldesigned; the don't tell your current location.
transportation info;
tooo slow
/
there is no index on this map, confusing because no colour, shop names, low
contrast, main roads are not clear
index, underground station
low contrast between the background and the symbols, wanted more areas.
I can find the roads easily
colour,should have better contrast, many signs, public toliet is useless people
can go to other stores, it depends on the task and the aim of the map
missing, no need to put all store names here, mark the main feature of the
area.
/
Street numbers are very helpful
this area is not enough for me. I don't think I will need such a small map.
tube station. I don't think any other information is missing.
I was using paper maps or I was printing maps to go to an unfamiliar place. No
zoom function.
expert perspective, tried to touch
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Script-P09
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes
Script-P10
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
use the previous knowledge to estimate distance rather than the scale on the
map; usually check the right-down corner of the map to find the scale.
easy to read and look at; main road and parks are clear; a quick reference map;
tube station is not obvious especially the symbols; UCL is also a tourist
tube station; some main sightseeing.
Is this a glass?
/
too crowed; mising some labels especially small streets; low contrast; too much
information but no colour will confuse somebody.
not as detailed as others.
Luck to find the special location by looking through the map; like to have some
shopping because there are a lot of shops on the map.
good for tourists and local
colourful will be better; better for a local; can't zoom in or out; weired to see
the zoom function; not touchable
tube station; you don't want many information on the map; I don't think too
much information is missing.
the dark ones are buildings.
/
it is such a small area, so it no needs to use maps.
tube station; open spaces need colours; it is too small
depends on the map aim, the information might be different.; can't zoom in or
out; weired to see the zoom function; not touchable
I always like maps; I like the Kindle screen
Script
have no idea of the red icons, what are they? Use the scale right; I like to
explore one area that I interest.
/
I don't want people to know that I am a tourist (protection); not very convient
for tourist because it is only a very central london map.
not a whole london
what's wrong? Such question was asked by the participant because the opening
file speed is so slow
you can see more on the map
you cannot locate yourself; I want more information about the sightseeing
/
tried to touch
there are a lot of details
too focus; I want to know the area around CG
no scales on it; no tube station
too small
/
how to enter and exit the area? Still too focus on one area.
tube station
I would like to use google map first because this map is difficult to locate
planning a route.
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Script-P11
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes
Script-P12
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
looking for UCL first as a reference to find CG; red eye symbols were used; use
a pen as a reference to have the distance; using miles;
It depends on the purpose of the map so there are some information is missing;
it gives a general view of london
it has less detailed informtion
this map give you no information what you can get the food but people can go
to a sightseeing to find some to eat
street names are used when looking for some location; the calculation is very
street names are clear; main streets; it shows no too much information here
a little bit difficult to nevigate
pubs without names but it is fine.
/
it has a lot of details; it looks good; smaller area; all the theatres are labeled;
you don't need to be familiar with this area.
the color changes, sometimes you can't tell the main street and the area
tube station?
/
little paths; they are high contrast; details of every store; address is clean and
too small
it is not a dominate area so you will have no idea where is it; tube station.
this participant tends to have good comments
/
Script
/
the legend is big enough to see; the street is clear; it may include a lot of
related area is limited.
yourself.
/
show more places and streets
street is not very clear; it is hard to find best way.
legend
/
some shops have names; street is clear, it is easy to find the best way
missing legend; an example of distance of two places
I cannot find the legend and what is the special sign mean
/
the word is big enough to find; the streets are very clear; have the name of
some space is not planned well.
example of distance between two places; legends.
/
/

- 93 -

Script-P13
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes
Script-P14
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
using red symbols but not sure of them;
it is big so you can see the whole thing; it is simple.
you can't find very quickly; lack of details only key sightseeings;
lack of details only key sightseeings;
very quick to find places on the map and calculate the distance between
different locations; not sure when calculating. Have no idea about the glass
a big area
when you want to plan something it is hard to do that on this map because you
can not have enough information.
have not enough information except the street information.
a longer route
see everything on the map;
it was not as clear as the one before; a little bit overload information.
no information is missing but a little bit overload information.
very quick to find places on the map and calculate the distance between
everythings on the map; this map is good but I want to see a big picture with
black and white; no zoom in and out function.
/
not very familiar with this area but have good sense of maps.
have some questions when reading the names of stores
Script
using british museum as a reference; using red symbols and the figures as
clear map without many information; the names of the street are obvious; you
can read the main street; only useful information for the tourist; light colour;
it could be more information for tourists
it could be more information for tourists
not very quick and hard to plan a route.
different areas; a bigger picture; the names of the streets are clear and easier
more confusing than 2000; colour is not helpful; low contrast; clustered; glass;
most famous spots;
tried to find in the middle first; not very hard to find something; symbols are
used when locating; using figures to calculate the distance;
has many icons I want; more informative; familiar bands; letters of the street
are obvious and easy to read.
some spots have names some have not, but it might be a good thing, I don't
know; if it is colourful, it would be better; building and road should be in
legend needed;
easier to find a location; the symbols and the background mixed together;
using figures as reference; errors when calculating; a detailed route;
zoomed in a small area; shop details; various types of stores; enough
lighter grey and darker grey are mixed together somewhere; some icons are
not familiar to me but some are quick easier to understand.
tube station symbol; legend;
paper map is better, but kindle map is also good. The participant have not
imaged that a grey map could be so clean and clear and hold so many
tried to touch the screen to open the files.
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Script-P15
Aspect
1:10,000 (during)
1:10,000 (likes)

1:10,000 (dislikes)

1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes
Script-P16
Aspect
1:10,000 (during)
1:10,000 (likes)

1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
/
you can view more information, because the sscreen of the mobile device is
not as this kind of big;
too much information makes it not easy to find the information I need; without
a ppen, you cannt mark it;
after a long time use, mayy be there will be somewhere missing in the folder
place;
Mark function; estimate walking time function; cannot tell the accurate
distance; no recommendation on the route.
/
bigger area covered;
less detail of these areas.
station
/
enough details of the shops, street, road, and also some buildings
colour, grey background with light grey font is not easy to read.
The name of area, tube station
/
it is clear than previous maps, as there are fewer icons and labels;
the different icons represent different types of shop help a lot
sometimes the information is not enough. Because I like to walk around in a
large area, I want to know some information about other areas.
information of the smaller street or road
colour, grey background with light grey font is not easy to read.
/
Script
/
paper map can contain most sightseeings because it almost cover the big city;
it is easier to find locations, which are sperately in different area, but in one
city, through paper map;
paper map is good for people who don't have wifi or internet
difficult to find some places; difficult to know the ransportation from A to B;
difficult to estimate the time cot from A to B.
The transportation information. I think it is very important to show in the map;
I think the map showed the information on street level. Sometimes you choose
another way to the destination, you might miss a lot of sightseeing or
too slow to open
/
difficult to locate a street
shopping information, it is difficult to locate a place without names.
a little bit slow
easy to find a toliet, restaurant and other stuffs on street.
/
/
/
it is clear to find information
if some destinations are far way and out of this map then you may never find
underground station information
the participant thought the 4000 map is the best
she tried to touch the screen to zoom and move the current picture.
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Script-P17
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes
Script-P18
Aspect
1:10,000 (during)
1:10,000 (likes)
1:10,000 (dislikes)
1:10,000 (missing information)
1:8,000 (during)
1:8,000 (likes)
1:8,000 (dislikes)
1:8,000 (missing information)
1:4,000 (during)
1:4,000 (likes)
1:4,000 (dislikes)
1:4,000 (missing information)
1:2,000 (during)
1:2,000 (likes)
1:2,000 (dislikes)
1:2,000 (missing information)
General comments
Observation notes

Script
have no idea of using the red symbols to find the sightseeings;
I can see a lot of details just some obvious sightseeings;
I think these colours should be different; I don't like it acturally;
subway stations but no bus stops; and also the lines of subway.
slow to find locations and sometimes felt confused by the buildings, roads and
easier to find roads but it is not easier to plan the way because of the colour;
it cannot show more information but it includes some of the details.
/
very quick to perform different tasks on this map compared by on other maps.
Icons are understood very well.
it is ok; it is better than previous ones; enough information and roads are easier
to find than others.
/
scale
tried to calculate the distance by using a calculator; tried to touch on the
screen; started from the center of the area but he did not think the center of
details are good; you can find everything, this is nice.
it can't be colours; contrast should be higher; bold font should be used; or
change the colour of the background; the area is so small;
tube station
have no idea of the kindle map but it is amazing to see that the map is so clean
and clear on the screen;
very quick on the kindle map than on the paper map;
Script
quick to plan a route on the map because of there is no obvious places that
clear enough; no more information we usually need just find my way out
you can't search by name compared by the digital maps.
interesting areas.
too slow to open the file. Planned a longer route but without much details.
Used a lot of time to locate a place.
I can see the whole picture
but it has too much information; the low contrast makes me trouble to find a
location. No search function.
/
very very quick to find a way, a place and it is very quick to have a plan with
there is enough information but not too much; the icon types are enough;
the nevigation is not very easy.
no information is missing for tourists.
very quick to find a street but not a location. The route is not very long but the
participant tell me a lot of shopping plan because he can know the information
more information.
too close so it will be useless; this map should be used in a kind of context
because there are so many shops here.
tube station
/
/
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