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ABSTRACT 
Many applications for mobile devices make use of maps, but 
because interaction with these maps can be laborious the 
applications are often hard to use. Therefore, the usability of 
maps on mobile devices must be improved. In this paper we 
review the research that has been done to solve technical, 
environmental, and social challenges of mobile map use. We 
will discuss interaction, visualization, and adaptive user support 
for maps on mobile devices. We propose usability engineering 
as the method that should be used when developing maps for 
mobile applications. 

Categories and Subject Descriptors 
H.1.2 [Information Systems]: User/Machine Systems – Human 
Factors.  

H.5.2 [Information Systems]: User Interfaces – User Centered 
Design, Theory and Methods, Interaction Styles, Screen Design, 
Evaluation Methodology. 

J.7 [Computer Applications]: Computers in Other Systems – 
Consumer Products. 

General Terms 
Design, Human Factors, Theory. 

Keywords 
Usability engineering, geospatial systems, mobile devices. 

1. INTRODUCTION 
Many applications for mobile devices make use of maps, for 
example for route planning and navigation. Location-based 
services can be offered on mobile maps to provide appropriate 
information to a diverse range of users, such as tourists (is there 
a cheap hotel nearby), citizens of a city (where is a free parking 
place nearby), or policemen (a reminder that he/she is in the 

proximity of a house that should be checked).  
This paper addresses usability issues of mobile maps. Due to the 
small size of the screen and the limited interaction possibilities 
use of mobile maps is often found strenuous by the users. 
Interaction with the map often distracts the user from the main 
task such as route planning or orientation, instead of assisting 
him or her. Furthermore a mobile device is used in more diverse 
conditions than desktop applications. The environment in which 
a mobile device is used can change all the time and the user can 
be sitting, standing, or walking, influencing the cognitive 
workload of the user. 
Solutions are being developed, but most have not been 
thoroughly tested yet. Some experiments have been done to test 
the different solutions, but few were tested on mobile devices in 
outdoor environments. Current engineering methods focus 
strongly on system architecture, but little on context of use and 
user diversity, issues that are important for mobile applications.  
We will give an overview of design challenges and of proposed 
solutions for mobile devices. Next we propose that a usability 
engineering approach should be used when designing 
applications for mobile devices. Issues on usability engineering 
for mobile devices will be described, and two use cases taken 
from recent literature are presented to illustrate the advantages 
of usability engineering. 

2. Challenges 
Mobile devices present a number of usability problems that can 
be divided into technical, environmental, and social challenges 
[11]. Technical challenges, such as battery life and network 
connectivity, are currently being addressed by industry and big 
improvements are made. Other technical challenges of mobile 
devices, such as limited screen sizes, have to be taken into 
account when designing applications for mobile devices.  
The environmental challenges are diverse, and include 
temperature, light conditions, noise, distraction, mobility of the 
user, cognitive and physiological constraints of the user, 
competition for attention of other tasks, and the need to 
manipulate objects other than the mobile device. These 
environmental challenges are inherent to mobile interaction.  
Normally when designing a product the environment in which it 
will be used is known. With mobile devices the user can not 
only use it in different environments, but the user can be sitting, 
walking, or standing when using the device. The usability is 
very much influenced by these different activity modes of the 
user and the ever changing environment.  
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The social challenges include privacy, acceptance and adoption 
issues, comfort, and personalization. When the technology 
proceeds and privacy can be better guaranteed, people are more 
comfortable and accepting towards mobile devices. 
Personalization can also enhance the comfort and acceptance of 
mobile devices. Personalization can be done by the user or can 
be done automatically. When a user interface adapts 
automatically to changing circumstances, it is called adaptive. 
Adaptive interfaces can decrease the number of social and 
environmental challenges. 
In this section we first present possible design solutions for 
technological challenges, after which we focus on applying 
adaptivity to tackle environmental and social challenges.  

2.1 Technological challenges 
The usability of mobile maps depends heavily on the interaction 
with the map, the interaction with the mobile device, and the 
visualization of the information on the map. With the design of 
the interaction and the visualization of the information, 
technological challenges such as screen size, interaction 
limitations of the device (buttons, joystick, physically moving 
the phone, speech, or touch screen), and wireless connection 
speed have to be taken into account. For service/client enabled 
maps for example the connection speed is very important to 
make the zooming and panning smooth. A slow connection can 
be partially resolved by prediction of what the user likes to see 
in the future and retrieving this information beforehand and by 
animating the transitions between different images [20; 38] to 
keep the user spatially and situational aware. In the following 
section we give an overview of techniques and manners of 
interaction and visualization for mobile maps that can enhance 
the usability. 

2.1.1 Panning 
On a mobile device there is not a lot of space to display maps; 
therefore it is useful to have the ability to pan. The interaction 
with the device is limited by its input possibilities; numpad, 
joystick, touch screen, and if the presence of a camera. Several 
panning methods exist for devices without touch screen: (1) 
panning with the buttons of the device, the numbered buttons or 
the directional pad, (2) panning with the joystick (if the device 
has one), (3) panning by physically moving the phone using the 
camera [15; 15; 23]. The image of the camera is used to 

determine which direction the device is moved and zooming is 
done by moving the phone in the direction of the camera image, 
while zooming out is done by moving the device closer to the 
user, and (4) panning by using speech commands such as, 
left/right/up/down  
When the device has a touch-screen, additional options are: (1) 
move the stylus over the screen so the screen or the background 
is dragged in the direction of the stylus, (2) centralize the point 
on the screen that is touched by the stylus, (3) radial scroll [35], 
this is a method wherein only vertical panning is possible. The 
stylus has to be moved in a clockwise or counterclockwise 
manner to respectively advance or reverse the document. The 
user can also vary the speed of the panning be increasing or 
decreasing the size of the circle, (5) touch-edge, users push at 
the edge of the screen at the side they want to pan [24], (6) tap-
and-drag, users tap on the screen and then drag the stylus along 
the screen in the direction they want to go) [17], (7) touch-n-go 
[8]: in this interaction method the stylus is put on the screen at a 
point relative to the center of the screen. The direction is 
determined by the location of the stylus relative to the center 
and the speed is determined by the distance between stylus and 
center of the screen, the further from the center the faster the 
panning, (8) hopping, a Halo+Proxy technique [16]. It consists 
of three components. Halo is the first component (Figure 1 top 
left). Halo is a technique to show off-screen information and is 
described further in Section 2.1.3.4. The second component is 
the laser beam. This is a line which indicates to what point at the 
border of the screen the user is pointing. The beam is invoked 
by clicking the mouse on the background and dragging the 
cursor toward an edge. A circle is drawn with the mouse-down 
position as center and the traveled distance of the cursor as 
radius (Figure 1 top right). When the user moves the cursor in a 
radial fashion, the laser beam will intersect a halo. If a halo is 
intersected, a proxy is created of the off-screen information that 
is displayed by this halo. The proxy is placed near the circle 
(Figure 1 bottom left). Proxies fade away in five seconds. Users 
can release the mouse-button and select a proxy to be teleported 
to the off-screen object. Teleporting is the last component of 
Hopping. After clicking on a proxy the viewport is moved in a 
400ms long animated transition to the location of the object 
(Figure 1 bottom right). 

2.1.2 Zooming 
The method of zooming is important for the efficiency and 
effectiveness of the device. In desktop applications most 
methods of zooming involve clicking something. Most mobile 
devices do not have a touch screen so methods wherein the 
keypad is used are developed. In zonezoom the screen is divided 
into nine zones that can be controlled by the numbers 1-9 on the 
keypad of the phone [33]. Focus+context is a method that can be 
both used for keypads and touch screens. Focus+context 
displays provide both overview and detail [13]. A fisheye is the 
best known example of a focus+context display. The center of 
the fisheye is zoomed in. Other zooming methods require a 
touch screen: (1) zooming in and out by clicking on the screen 
and using a button to indicate zooming in or zooming out, (2) 
zooming by selecting a rectangle that is zoomed in, and (3) 
zooming in and out by dragging the stylus over the screen up- or 
downwards in vertical direction. 

Figure 1 Hopping (figure from Irani, P., Gutwin, C., &   
Yang, X. D. (2006) ) 



 

Most of the time, when panning or zooming in on an electronic 
map the map moves in a bumpy fashion or sometimes nothing is 
displayed. By making the zooming and panning smooth the 
usability of the application is increased. Users remain situation 
aware and appreciate the smoothness [20; 39]. A problem with 
both interaction and visualization is that the best solution is very 
user dependent. Different users like different speeds of 
automatic zooming/panning and different users prefer different 
levels of detail. The preferred speed and level of detail could 
even be dependent on the mental state of the user. An 
application that could adapt to system, user, task, and 
environment as we will discuss in Section 2.2 can be a solution. 

2.1.3 Visualization 
Good visualization of the information is very important for the 
use of mobile maps. The user should understand the map in a 
glance and not after a while. Not everything can be shown on 
the small screen.  
Baudisch and Rosenholtz [3] define clutter as: “the state in 
which excess items, or their representation or organization, lead 
to a degradation of performance at some task”. Clutter is highly 
influenced by the information density. Information can be 
occluded by information at the foreground, such as overlapping 
icons, text, and lines. When the contrast between the relevant 
information and the other information is low, the search time is 
long and the display is cluttered. To prevent clutter one can 
change the level of detail, use enhancement effects, aggregate 
objects, or remove irrelevant information.  
We will elaborate in this section on changing the level of detail, 
the use of enhancement effects and some other visualization 
techniques that can enhance the usability of a mobile map. 

2.1.3.1 Level of detail 
To show a map with the right level of detail is very important, 
because on a small screen not much information can be shown. 
The challenge is to get as much information on the screen 
without cluttering it, but the preferred level of detail is 
dependent on the user preferences and the current state of the 
user. 

• Nested level of detail: Nested level of detail means that a 
higher level of detail is nested in a lower one [26]. This can 
be used for instance when the user is outside a city centre 
(e.g. the airport) and wants to go to the city centre. There is 
an overview of the region and a detailed description of the 
connection from airport to city centre. 

• Level of detail dependent on location: Bozkurt et al. 
propose [4] that the preferred level of detail is dependent 
on the amount of information in the map. In a city more 
detail is required than in a rural area. The outcome of the 
experiment indicated that the amount of information in 
reality should be considered while determining the level of 
detail in mobile maps. 

• Single window details on demand: Because of the limited 
screen space of mobile devices not all information, such as 
the legend, should be shown all the time. Preferably the 
legend is not necessary at all and all the symbols are self-
explanatory [34]. But users could need the information of 
the legend at a certain moment, if the interface uses 

window detail on demand he/she can access the legend by 
demanding for it. 

In this section we show that there are many ways to change the 
visualization and possibly make a mobile map more usable. 

2.1.3.2 Enhancement effects 
It is important that target information can be perceived fast, 
while map reading is most of the time not the primary task of 
the user. Keates [19] discusses detection, discrimination, 
identification, recognition and interpretation as fundamental 
processes involved in map use.  
The pop-out concept is about detection of a target, it draws 
attention to an object. Color, brightness, movement, direction of 
illumination, distinct curvature, and tilt are identified to induce a 
pop-out effect [18; 37]. Size has no strong pop-out effect [1]. 
Lee, Forlizzi, and Hudson [22] performed a study to order 
different pop-out effects. In an experiment participants had to 
find a target among distracters. The experiment showed that 
semantic text was perceived fastest, than semantic numbers, 
followed by simple and complex symbols. The pop-out effects 
disappear when multiple semantic or symbolic symbols were 
presented at the same time. Color was an effective feature to 
establish a pop-out effect, size was not. One has to keep in mind 
when designing a map that pop-out effects have to be used 
sparingly otherwise they lose their function. Another thing to 
keep in mind is that colors have different meanings in different 
cultures. Red for example means danger in many countries, but 
in China it means joy [43]. 
Use of the Gestalt principles [41]: proximity, similarity, closure, 
simplicity, continuity, connectedness, figure-ground, 
familiarity/experience, good shape, and common fate can 
enhance map reading as well. Other methods are selective 
filtering (don’t show everything), and representation (centering, 
variable scale).  
When showing symbols on the map one should take into 
account the hierarchy Barkowsky and Freksa [2] propose for the 
importance of depictions. This hierarchy shows that for some 
tasks distance and shape can be shown relatively while 
localization, connectedness, and orientation should be precise.  
Pop-out effects, the Gestalt principles, and the hierarchy of 
Barkowsky and Freksa [2] all aim to reduce the cognitive 
workload of the user.  

2.1.3.3 2D and 3D visualization 
Some usability tests do show that 3D maps can improve task 
performance in comparison to 2D maps, because spatial 
relations are better understood. Rakkolainen and Vainio [31] did 
an experiment to compare 2D and 3D maps and their results 
show that search and visualization of location-based information 
on a life-like 3D map is more intuitive than on a symbolic 2D 
map. Laakso, Gjesdal, and Sulebak [21] found that 3D had 
advantages over 2D, but that these advantages are limited to a 
minimum for experienced 2D map users.  
A general downside of 3D representation is that the overview 
diminishes and that it is less legible on a small screen than a 2D 
representation. 



 

2.1.3.4 Visualization of off-screen information 
Because the screen of a mobile device is very small it is 
inevitable that some information is outside the screen. This 
information can be shown with off-screen visualization 
techniques. Below we describe three different visualization 
techniques which are compared to each other. 

• CityLights line: This is a line wherein the direction of the 
off-screen information is visualized by line position [25]. 
The distance to the off-screen information can be encoded 
by line thickness, line color, or a label (Figure 2 left). 

• Arrows: Arrows encode the direction of the off-screen 
information by the orientation of the arrow and the distance 
can be encoded in several ways; length, size, color, shape, 
or label (Figure 2 middle). 

• Halo: With halos part of a circle/ellipse, an arc is shown on 
the screen. The orientation is encoded by the position of 
the arc, while the distance is encoded by how much you see 
from an arc. The further the off-screen information, the 
larger the circle/ellipse, the more is visible of the arc on the 
screen [3] (Figure 2 right). 

Halo and Arrows, were compared with each other on four 
different map tasks by Baudisch and Rosenholtz [3]. Users were 
16-33% faster when using the Halo technique without making 
more errors. Most users did prefer the Halo technique over the 
Arrows. In another experiment [5] Halo was also compared with 
Arrows, but then with scaled and stretched arrows. The larger a 
scaled arrow or the longer a stretched arrow the closer is the 
information. In this experiment users were slowest when using 
the Halo technique. They did prefer the scaled arrows on three 
of the four tasks. Possibly the Halo technique was cluttering the 
screen too much to be useful. Arrows do clutter also, but less 
than Halos. A solution for the cluttering of halos is to take 
several halos together when they represent objects that are near 
each other, or reduce the amount of off-screen information that 
is visualized. 
Different users could prefer different interaction and 
visualization styles. Personalization could be a solution. 

2.2 Environmental and Social challenges 
It is important that the application knows when it should adapt 
to improve the usability of the application. An example of 
adaptation is showing the map in north-up or forward-up 
configuration. The preferred configuration highly depends on 
the task and the individual user [7]. Context variables such as 
light and noise conditions, as well as user variables such as 
personalization, comfort, acceptance, and cognitive restrictions 
of users can be taken into account by an adaptive application. 

For example, the lighting of the display should probably be 
adapted when a user enters a building. By adaptation the 
application can accommodate the specific needs of a user and 
take into account the specific limitations (cognitive and 
physiological) of the user. To reach this, the application needs to 
be context aware. The application can be made context aware by 
having knowledge about the system, perceive the environment 
and the task, and built up knowledge about the user. The 
classification of context awareness in system, environment, task, 
and user is just one of the possible classifications of context 
awareness. As in all classifications of context awareness we 
have overlap between the classes. We will discuss different 
techniques to make the application context aware and adaptive 
to this context.  

2.2.1 System  
A map could be looked at by the user at home behind a desktop 
computer, but could also be used on a PDA or mobile phone. 
The screen sizes differ significantly among these devices and 
therefore the way the information is shown should differ. On a 
desktop screen a higher level of detail is possible before the 
screen is getting too cluttered. On a mobile phone on the other 
hand the screen is best kept as empty as possible, but with all 
the necessary information. This poses a dilemma when it is not 
possible to display all relevant information without cluttering 
the display. A choice must be made between clutter or more 
interaction. Information about the situation of the device, such 
as battery level and network connectivity, could be useful too. 
The backlight could be for instance dimmed when the battery is 
low. Device awareness is an example of system knowledge. 

2.2.2 Environment 
The environment plays an important role in the usability of 
mobile applications. To adapt to the environment the application 
needs to perceive the environment with for example GPS or 
lighting sensors. With the use of GPS the application can make 
inferences about the location of the user and provide the user 
with information of where he/she is and what is present in the 
neighborhood and with the local time and date formats. Most 
users like to know their position on the map. Depending on 
preferences of the user the system can also provide location-
based services such as information about interesting sites in the 
neighborhood. Another example of the use of sensors is to get 
information about the surroundings of the user. Is the user in a 
noisy crowd or sitting alone in a room? Depending on this the 
interaction style of the device can be automatically adapted by 
using for instance vibration or sound. Besides noise there are 
more environmental variations an application could take into 
account when adapting. Examples are temperature, lighting 
conditions, and location. But the environmental awareness is 
broader, the device could for instance know if a museum is 
closed and adapt its advice to this information. 

2.2.3 Task 
A user can perform different tasks with a mobile map 
application, for example searching or navigating [32]. 
Furthermore, the user can be involved in another task (e.g. 
reading, running) [14; 32]. The application should change its 
interface both to the map task and the other tasks.  When for 
example a person is sitting the user maybe prefer filling out 
some information, but when he/she is running this is no option. 
Or when the user is reading a route instruction it should not be 

Figure 2 CityLights, Arrows, and Halo (picture from 
Burigat, S., Chittaro, L., & Gabrielli, S. (2005)) 



 

the case that he/she gets information about an interesting site in 
the neighborhood. The application can also take the task into 
account by adjusting the way it presents the information. When 
the user is sitting at a table the information can be given by text, 
but while driving the information should be given by sound.  

2.2.4 User 
Different users like different maps. But they do not only like 
different maps, they are also better in using different maps [9] 
[7] and are less susceptible for interruptions when the map 
matches their needs [29]. Therefore to be usable for everyone 
the map has to be adaptive to the user or adaptable by the user. 
The question is how to personalize aspects of a service for a 
specific user. It is for instance very user dependent what a user 
understands under the term ‘near’. Near is dependent on the user 
and his/her physical condition, but also on the weather, the task, 
knowledge about the region, steepness of the area, and structure 
of the region. To make the right decisions the application should 
have knowledge about the user such as; gender, preferences, 
skills, knowledge, and health.  

2.2.5 User modeling 
The knowledge about system, environment, task, and user 
knowledge that the application has should all be taken into 
account while developing a user model. The system and 
environment are not dependent on the user, but the manner the 
application should adapt in certain circumstances does depend 
on the user. We will describe different methods to create user 
models and explain their pros and cons. 

• Standard user models: A few typical users are defined in 
the program and the user chooses the one that fits best. 
Standard user models can be very useful when not all 
necessary information about the user to make a decision is 
available [10]. Standard user models need some 
information about the user to assign the user to a certain 
user model. This information can be obtained explicitly or 
implicitly. 

• Explicit acquisition of information: With explicit 
acquisition users have to fill out questionnaires or fill-in 
forms. Some advantages are that users have to make their 
preferences explicit, they know that information about 
them is gathered, and they can change their preferences 
quickly [6]. Some disadvantages are that people have to put 
effort in it, don’t give accurate answers, and that 
information may need recurrent updating [6]. Implicit 
acquisition of information could be a solution. 

• Implicit acquisition of information: No effort is asked from 
the user when using implicit acquisition methods for 
information, it also is unobtrusive, and information can be 
collected for characteristics the users themselves are not 
aware of [6]. But there are also disadvantages for implicit 
acquisition. Users could dislike the idea that the device is 
gathering information about them, the system can take 
wrong decisions due to the uncertainty of some drawn 
conclusions, and acquiring enough information implicitly 
for a good user model takes time. 

• Get information from other users: This resembles the 
standard user models method, but is different in the way 
that the user is compared with several other users [10]. An 
advantage over standard user models is that there are more 

users than standard user models. So the chance to identify a 
model that is relatively similar to the users’ model is 
bigger. A disadvantage is the privacy, how to keep the 
information of the different users secure. 

• Mixed method: All these methods could be mixed. Some 
questions, i.e. age, gender, could be asked preferably 
explicit, while other information is better acquired 
implicitly.  

3. Usability Engineering 
Sometimes mobile map applications are developed and tested on 
desktop computers, because of the problems of testing in real-
life outdoor settings. This is a problem, because due to the 
complex environments in which mobile devices are used, 
thorough usability testing is indispensable.  
Usability determines to a major extent the success of products 
and services that are based on information and communication 
technology. Usability engineering [12] [28] is an approach to 
develop software that is easy to use, effective and efficient, and 
is in our opinion based on three principles: 1) Early and 
continuous focus on user and tasks, 2) empirical measurement, 
3) and iterative design. 
In UE several development cycles (Figure 3), with assessments 
and re-specifications, are worked through. A complex and 
interesting scenario is developed with users, from which user 
requirements and features can be derived. The features are 
implemented and the quality is assessed by human-computer 
interaction (HCI) metrics. These metrics are closely related to 
the social challenges, regarding comfort and acceptance, but the 
technological challenges are also addressed in the metrics. 
When taking the user as the center of the design it is also 
important to take into account his or her cognitive task load 
[27], for which several metrics exist. The assessment of the 
metrics can be done in several different ways, either by experts 
or users.  

3.1 Usability engineering for mobile devices 
UE is a good design approach for a usable mobile map, but 
thorough understanding of the dynamic use context is crucial for 
user-centered design of mobile applications [11; 40]. With 
mobile devices it is necessary to test them eventually while the 
user is mobile, which makes evaluation difficult. Depending on 
the task and the application, usability can highly differ between 
a sunny day and a rainy day, between a noisy environment and a 
silent environment. The choice between a lab-experiment or a 
field experiment is therefore far from crucial for mobile devices 
[42].  
The use of the mobile map is mostly a secondary task; the 
primary task (route planning or looking for a nearby restaurant) 
does have a strong influence on the way of use. Not only the 
device has to have a high degree of fidelity, but the primary task 
has to be simulated realistic too.  
Zhang and Adipat [42] give an overview of challenges in 
usability testing of mobile devices. These challenges are the 
same as the design challenges for mobile applications: mobile 
context, connectivity, small screen size, different display 
resolutions, limited processing capability and power, and 
different data entry methods. An example is that low screen 
resolution can have disastrous effects on the usability of a 



 

mobile application. There are different frameworks for usability 
testing of mobile devices [36; 42]. In all frameworks, it is an 
important question whether to do a usability test in the 
laboratory or in the field, and whether experts are used or 
prospective users. Lab-experiments are appropriate for 
improvement of the interface design, for which the real device 
or an emulator can be used. Field-experiments on the other hand 
are more appropriate when the final application is tested [42]. 
The framework of Streefkerk et al. [36] extends the framework 
of Zhang and Adipat by that it not only gives instructions on 
which experimental method to use, but gives constraints for 
when to use which experimental method.  
We conclude that difficulties for usability testing for mobile 
devices exist, but several frameworks are available which can be 
used for designing usable mobile map applications. Because 
there are many challenges for mobile applications, ease of use 
and effectiveness are crucial. Using a sound usability 
engineering approach, we decide which interface features for 
mobile maps help dealing with the technological, 
environmental, and social challenges. 

4. Case studies 
In this section we discuss two case studies in which maps for 
mobile devices were used. Both cases studies show that 
usability engineering can give good results when developing 
mobile maps. 

4.1 Tourist information and navigation 
support by using 3D maps displayed on 
mobile devices  
Laakso, Gjesdal and Sulebak [21] developed 3D maps with 
tourist information and GPS for mobile devices. In this study 
there was a strong focus on user requirements and feedback of 
potential users on the prototypes. The study consisted of three 
iterations. In the first iteration the intended user group was 
asked how they did perform the task which the application was 
going to support, and which functionalities they would like to 
have in the proposed application. With the answers it was 
possible to create a prototype which was tested in the second 
iteration. The application was tested in a usability test and with 
focus groups. Both the participants of the usability test and the 
participants of the focus groups belonged to the group of 

intended users. The tasks that were performed in the usability 
test were typical tasks for the application and performed in a 
realistic field environment. There was one drawback of the 
design of the experiment. The 3D map was shown on a mobile 
device whereas the 2D map was of paper. Therefore it was 
difficult to compare the two views. In the final iteration another 
prototype was evaluated with the use of usability tests and 
questionnaires. The 3D map was found fun but less usable than 
the 2D map, for which an explanation could be that participants 
are used to 2D maps. Furthermore results showed that location 
positioning, for example using GPS, is very important for map 
information on mobile devices. 
The experimental set-up of this study is a sound example of 
usability engineering. All three general approaches are 
followed; there is an early and continuous focus on the user, 
empirical measurements are used, and it is an iterative design. In 
this experiment the technological challenge for visualization of 
the viewpoint was examined and several HCI metrics were used 
to measure the usability of the design. Users were included in 
both the design and the usability testing. 

4.2 Understanding users’ strategies with 
mobile maps  
In a study by Oulasvirta and others [30], 2D and 3D maps 
shown on mobile devices were qualitatively compared. In 
contrast with the previous study both the maps were shown on 
the mobile device during usability tests. This study was a 
preliminary study to get an idea of what cognitive processes are 
involved in interacting with mobile devices, knowledge relevant 
for designing effective map applications. A usability test in a 
realistic field environment was performed. Participants had to 
do two kinds of tasks typical for the use of a map, orientation 
and navigation. The workload of the participants was frequently 
measured during the experiment. Participants were encouraged 
to think aloud during the experiment and afterwards filled out a 
questionnaire, were interviewed, and debriefed. In the next stage 
a cognitive model of mapping was developed. They found 
several strategies of how humans use maps and differences 
between the strategies used for 2D and 3D maps.  
In this case-study usability engineering was properly applied in 
an experiment about the influence of the viewpoint on the 
cognitive workload of a map user, one of the social challenges. 
Participants were asked how they worked with an application, 
what they liked, and what they liked to see improved. A 
cognitive model of interaction with mobile devices was made on 
which the design of a prototype can be based. 

5. Conclusion 
In this paper we looked at the usability of maps on mobile 
devices. Different methods of visualization, interaction, and 
adaptive user support to obtain good usability were discussed in 
the view of technical, environmental and social challenges. We 
conclude that there is a range of methods to build mobile maps, 
but that there is not yet a consensus of which approaches give 
best results, and how personalization and adaptivity should be 
incorporated in mobile map use. We showed that there are still a 
lot of challenges for both design solutions and for usability 
testing of mobile devices. Thorough testing of solutions is not 
always done at the moment, but is indispensable for applications 
that are used in such a complex and varying environments as 

  
 

Figure 3  the Usability engineering method 



 

mobile applications are often used. Usability engineering is a 
method that should be used when designing mobile applications 
using maps. The use cases show that usability engineering has 
given good results in different experiments with mobile 
applications. More experimentation is required to understand 
how interaction and visualization must be implemented for 
specific mobile map applications, and how adaptivity of the user 
interface can benefit users.  
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