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Abstract 

The fields of geoinformation technology and cartography have seen dramatic changes in the last dec-
ade. The dissemination of digital geospatial data is no longer bounded by the desktop platform. But it 
is available now on mobile devices such as PDAs (personal digital assistants), smart-phones etc. The 
map display on a handheld device is a challenge to cartography due to the limiting factors such as 
screen size, colours, resolution, processing power, memory and power supply. Though with the tech-
nological advancements, these limiting factors are improving with great pace but the small display 
still lasts. The technological development in the field of mobile computing is significant and more and 
more research is directed to mobile usage of geographic information. However Cartographic 
visualization on the small display devices is not yet satisfactory. 
 
The aim of this research was to study the limitations and possibilities of map design for mobile appli-
cations resulting in design recommendations for improving visualization. It was found that most of the 
present approaches are technology driven and have neglected the cartographic visualization aspects.  
 
The research attempted to study the applicability of common map design principles in the mobile en-
vironment and it is found that these design principles are still valid in the mobile applications. Con-
sidering the possibilities and limitations of map design for mobile applications, map was designed 
taking the use case as pedestrian tourist in an unknown city. 
 
PDA device was simulated on the desktop computer for map designing and minimums sizes of point, 
line were determined by considering the size of the display area. To overcome the limitation of dis-
play size various cartographic visualizations were generated. Scalable Vector Graphics (SVG) was 
explored as the possibility to present the vector data on the small display devices. 
  
The design process was guided by the sentence “How do I say What to Whom, and is it Effective”. To 
assess the effectiveness of cartographic visualizations, usability testing was done based on the ques-
tionnaire method in the laboratory environment. The major issue during the user testing was the repre-
sentation of real world on these devices. Based on the user testing, design recommendations were 
given which can be taken into consideration for designing maps for mobile applications.  
 
Keywords: Cartographic visualization, Mobile applications, Mobile cartography, Location based ser-
vices, Scalable Vector Graphics 
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1. Introduction  

1.1. Background 

The dissemination of geographical data is not confined to paper maps. Paper maps have been used for 
centuries and thus have established cartographic rules for map design. According to Goodchild (1999) 
printed maps have the following characteristics: visual, flat, exhaustive, uniform in level of detail, 
static, generic, precise, and slow. Technological developments have brought changes to the way geo-
graphical data is acquired, managed, processed, presented, and disseminated to the user. Develop-
ments in computer software’s and multimedia technology have complemented the traditional way 
maps are produced and distributed.  
 
The fields of geoinformation technology and cartography have seen dramatic changes in the last dec-
ade. In earlier days Geographic Information Systems (GIS) have been a tool of experts rather than the 
masses and demanded high-end machines and many skills to run them. In the early nineties the desk-
top GIS came into being, which was easy to use and further with the Internet and Web mapping, 
geoinformation became popular among common people. After the marvellous success of the Internet 
and the cellular telephone in the last decade the next technological wave is the convergence of the two 
in the form of the wireless Internet or mobile Internet. This takes Web GIS and mapping a step further 
(Reichenbacher, 2002). 
 
With the mobile Internet, which is flourishing at a very fast rate in the world, and with the popularity 
of mobile devices such as PDA's, mobile phones etc., the industry is eying at the marriage of geoin-
formation services and mobile devices in the form of Location Based Services (LBS).  The telecom 
industry is even calling the LBS a killer application and is expecting huge returns once it will get es-
tablished. “The emergence of mobile computing and wireless devices has brought about a whole pal-
ette of new possibilities and chances for geoinformation science and cartography” (Reichenbacher, 
2002).  Clarke (2001) stated that in the coming era cartographic data is not PC centric but would be 
available on mobile systems located at the point of measurement or use in the field. 
 
In the nineties, Web maps and digital maps became popular due to the success of the Personal Com-
puters and the Internet. These mapping technologies allow personalization and adaptation, are easily 
deliverable, revised in shorter times, can incorporate multimedia, and may be interactive; however, 
they are not mobile (Reichenbacher, 2001 a). Web maps gave some new possibilities of cartographic 
visualization and design in addition to already established ones. 
 
Reichenbacher (2002) states:  “the dissemination of digital geospatial data is no longer bounded by 
the desktop platform.”  But it is available now on the mobile devices such as PDAs, smartphones etc. 
The map display on a handheld device is a challenge to cartography due to the limiting factors such as 
screen size, colours, resolution, processing power, memory and power supply. These are limited as 
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compared to the stationary computing devices. This also affects the visualization capabilities. These   
are to date limited as compared to analogue (paper) and stationary digital devices (Reichenbacher, 
2002). 
Most of the limitations are improving with the advancement in technology but the small display still 
lasts and will remain in the future also. With the advent of pervasive devices the requirement of small 
screen displays is even more reinforced and the hence the need for displaying more and more content 
on these devices. 
 
The other limiting factor is bandwidth but this would soon be overcome by the implementation of 
third generation (3G) standards such as UMTS and I-Mode. I-Mode is quite mature in Japan and 3G 
standards are just being implemented in the USA and Europe. The Universal Mobile Telecommunica-
tion Standards (UMTS) is having a bandwidth of 2Mbit/sec. For video streams this might still be in-
adequate though for the purpose of mobile cartography it seems to be a major improvement. 
 

1.2. Problem definition 

Recent developments in cartography have shown that procedures of making and using maps have 
changed significantly. The fields of acquiring, managing, analysing, interactivity and visualizing large 
amounts of geospatial data have witnessed highly vibrant and important development over the last two 
decades and these are continuing (Kraak, 2002). 
Cartographers have been modifying the design rules for screen maps using new technologies such as 
multimedia, animation and anamorphosis because the design rules for printed maps that deal with the 
map field, typography, colour management, piece composition, legend, title, margin decoration and 
back side etc. do not suit the screen reading anymore (Meng, 2003). 
 
In this changing environment, the World Wide Web (WWW) is one of the latest new media to present 
and disseminate geospatial data (Kraak, 2002). The basic principles of map design do not change due 
to new Web environment, though it offers some new interesting possibilities such as multimedia, ani-
mation along with few limitations (Kraak, 2002 and Kraak & Ormeling, 2003). While designing the 
Web maps one has to consider the physical design in terms of file size and display size (Kraak, 2002). 
Web map design needs extra attention due to the constraints of media, resolution, and bandwidth 
problems. Just scanning paper maps or using default GIS maps for the Web is not a good practice.   
 
The popularity of handheld devices and mobile Internet gives a new platform to geoinformation. The 
cartographic display and design for these small devices is a challenge due to their limitations.  
The growth of the Internet on mobile devices and the use of these devices as a tool for interacting with 
maps or for distribution of digital cartographic forms offer new opportunities for cartographic com-
munication and are hence seen as a major step in the digital revolution of cartography (Gartner, 2003). 
 
The major difference in map presentation over the Internet and handheld devices is due to limited 
size, resolution, and colour display of current devices (Uhlirz, 2002). Though these are improving day 
by day due to technological advancements, at the moment every graphical application still has to deal 
with these restrictions.  
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The technological development in the field of mobile computing is significant and more and more re-
search is directed to mobile usage of geographic information, numerous problems are yet to be solved 
and many gaps are to be bridged when it comes to developing solutions for mobile context (Reichen-
bacher, 2004): 
 

• Geo-visualization for small displays of mobile devices is restricted by several technical limita-
tions such as - the small display size and resolution, lack of processing power and memory, 
and most critical the battery life. Furthermore, the mobile network bandwidth is considerably 
lesser than that in fixed networks.  

• The usability of mobile geo-visualization solutions is hindered by inadequate geo-
visualization. The causes are either the use of scanned paper maps designed for a medium 
with different characteristics or the production of illegible and cluttered maps that fit a large 
screen, but not the small mobile device screen with lower resolution. 

• The geo-visualization on small displays is dominated by the constraint of small display sizes. 
This poses an immense generalization pressure. However, the generalization alone cannot as-
sure the fitness for use required in mobile geographic information image situations. The lack 
of map space also implies that there is no room for auxiliary elements such as a map legend, 
which makes the map reading process difficult. 

 
Considering all these problems maps in small screen require economized map design so that it may 
fulfil its role in the most effective and efficient manner. 
 

1.3. Motivation  

The reason to choose this domain is that this is an upcoming field and has a lot of scope from a re-
search point of view. Further, the problem of map design on the small screen seems interesting and 
challenging, which was also a motivation to choose this as research area. Moreover the coming times 
are going to witness large-scale development of commercial applications based on location based ser-
vices. Almost every service providing industry is going to benefit from these applications e.g. hotels, 
retail outlets, departmental stores advertising themselves to the devices in their vicinities, air-
ports/railway stations broadcasting arrivals/departures to the commuters in their range and location of 
flights/trains etc. the list of possibilities is endless and the quality of these service hinges on the capa-
bility of devices to display the maps and images. 
 

1.4. Objective 

To solve the problem the objective framed for the study is: 
To investigate the limitations and possibilities of map design for mobile applications resulting in de-
sign recommendations.  
 

1.5. Research questions 

• What are the principles of map and Web map design? 
• Which of the traditional rules are still valid to mobile cartography? 
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• Which developments have taken place in the field of geo-information dissemination by means 
of maps? Which new possibilities have emerged? 

• What are the limitations of map design as brought about by the application? 
• What are possible solutions to the design limitations? 
• How can map displays for mobile applications be constructed? 

 

1.6. Thesis Structure 

The structure will try to follow a logical sequence to achieve the objective of the study that is design 
recommendations for mobile devices. This chapter introduced the problems and challenges of visuali-
zations for mobile devices and outlined the goals and contributions of this thesis. The remainder of 
the thesis is structured as follows: 
 
Chapter 2: Approaches for cartographic visualizations on mobile devices 
This chapter reviews the existing approaches and solutions for geographic information visualization 
on mobile devices. An evaluation of these approaches reveals the gaps and deficiencies in the carto-
graphic visualization. 
 
Chapter 3: Role of maps in mobile applications 
This chapter covers the why maps are required and what role they play in mobile geoinformation ap-
plications. 
 
Chapter 4: Applicability of common map design principles to mobile applications 
This chapter covers an introduction to general map and Web map design principles, the map design 
process and applicability of these principles to mobile applications. It covers the limitations of map 
design for mobile applications and possibilities for tackling these limitations. 
 
Chapter 5: Map design for pedestrian tourist navigation with the help of PDA 
In this chapter a map is designed for a simulated PDA for the use case - a pedestrian tourist navigating 
in an unknown city - considering common map design principles, limitations and possibilities of map 
design for mobile applications, as discussed in chapter four. It also explores Scalable Vector Graphics 
for visualizing the maps on small devices. 
 
Chapter 6: Usability testing 
The visualizations generated are tested with test persons and last section of the chapter deals with the 
results from this usability testing. 
 
Chapter 7: Conclusions and Recommendations 
This chapter discusses about the design recommendations for maps on mobile devices. Further in con-
clusion summary of whole work is given and scope for further research. 
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2. Approaches for cartographic 
visualizations on mobile devices 

2.1. Introduction 

This chapter discusses about the cartographic visualization, mobile applications and the approaches 
present to solve the problems of cartographic visualization on small displays. The discussions here are 
based on the literature review.  
 

2.2. Mobile applications/Location based services 

In the general case, the location-based services can be defined as services utilizing the ability to dy-
namically determine and transmit the location of persons within a mobile network by the means of 
their terminals. LBS provide specific, relevant information based on the current position to the user. 
In (OGC 2003) LBS is defined as ”a wireless-IP service that uses geographic information to serve a 
mobile user [or] any application service that exploits the position of a mobile terminal.” Another defi-
nition, emphasizing the importance of the information, is given by Ovum (2000): “[LBS are] network-
based services that integrate a derived estimate of a mobile device’s location or position with other 
information so as to provide added value to the user.”  
 
Typical example of the LBS is: a tourist looking for information in an unknown city. Using the mobile 
terminal user query for the restaurants offering vegetarian food. In response to user’s query a map is 
displayed on the mobile screen showing the nearby restaurants along with users position. Further user 
can select a particular symbol for getting more information. After choosing one user can ask for the 
route to that particular restaurant. The map showing route will be shown on the device. 
 
LBS/Mobile applications cover almost every aspect linked to human mobility such as: 
Navigation,  
Health/Safety/Security/Emergency, 
Convenience,  
Entertainment,  
Travel Aids,  
Productivity Aids, 
Mobile Work Force Management etc  
and many aspects associated to human/machine interaction like Telematics and even machine-to-
machine (e.g. automatic emergency calling for car breakdowns, medical implant malfunctions) etc.  
To limit the scope of the study Pedestrian navigation is considered as the use case for this research. 
Though the cartographic visualization on the small devices is not yet satisfactory. I feel the research in 
the field of cartographic visualization on mobile devices will help the mass users like me who are 
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generally looking for the real time information and on spot decisions while travelling to different cit-
ies and want personalized maps. 
 
The global market for Location based services and applications is growing rapidly. According to in-
dustry research more than 77 million mobile users worldwide are using the LBS and the number is 
expected to increase to 400 million by 2005. LBS industry is investing heavily since last few years 
aiming this as Killer Application but didn’t get much. Industry research is saying that revenue for LBS 
is expected to reach more than US $ 19 billion by 2006 (Url 2.1). 
 

2.3. Cartographic visualization 

There is an old proverb saying, “one image is worth more than thousands of words”, giving thus the 
simplest answer to the question why visualisation is necessary. The term ‘cartographic visualization’ 
refers to the creation of a visual image of spatial data, mentally, or physically, using graphic means. 
This term is sometimes used as an alternative for cartography, because the term cartography has con-
notations that make it be regarded as a manual craft.  But cartography includes more than visualiza-
tion, as it is also concerned with data quality and cognition. Cartographic visualization, which is sub-
set of the term Scientific visualization, may also refer to the graphical exploration and analysis of geo-
spatial data and information. Therefore it can be more specifically defined as a map-related graphical 
procedure for the investigation of geospatial data and information. (Konecny, 2004) 
 
Meng (2003) argues that not only the cartographic methods and consequently the context of mapmak-
ing have changed, but also the contexts of map use. Despite the shift to context in use and new, non-
visual means the visual remains vital for cartography. Buttenfield & Mackaness (1991, p. 432) cited in 
Reichenbacher (2004) give a comprehensive definition of visualisation: 
Visualization is the process of representing information synoptically for the purpose of recognizing, 
communicating and interpreting patterns and structure. Its domain encompasses the 
computational, cognitive, and mechanical aspects of generating, organizing, manipulating and com-
prehending such representations. Representations may be rendered symbolically, graphically, 
or iconically and are most often differentiated from other forms of expression (textual, verbal, or for-
mulaic) by virtue of their synoptic format and with qualities traditionally described by the term 
´Gestalt´.  
 
DiBiase (1990) proposed the cartographic visualization process ranging from visual thinking in the 
private realm to visual communication in the public realm. He proposed the crisp boundary while it is 
fuzzier all the time. Later MacEachren (1994) proposed a map cube and distinguished the two main 
types of cartographies as communication oriented and explorative visualisation oriented cartography 
(Reichenbacher, 2004).  
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Figure 2.1 MacEachren’s Map Cube 

(Source: Reichenbacher, 2004) 
 
For better understanding MacEachren proposed a map cube where the dimensions by the major di-
mensions of map use: target audience, presentation intentionality, and degree of human-map interac-
tion (Figure 2.1). The mobile maps fit into the communicating known geographic information 
(knowns) to individual users for private use or according to DiBiase the visual communication, how-
ever in a more private realm. The human-computer interaction in case of mobile environment is low 
as compared to desktop environments. 
 

2.4. Mobile devices 

Mobile device is a wide term covering information terminals, information appliances, Personal Digital 
Assistant (PDA), mobile phones etc. (Reichenbacher, 2002). “Mobile devices can be broadly classi-
fied into two categories” (Gartner, 2003): 
Cellular phones with increasing computing capabilities, including the display of graphics and the ena-
bling of interaction via graphics (Smartphones, Communicator) and 
Portable computers, which can be upgraded to voice communication capabilities (e.g PDA) 
 
For the scope of this research mainly PDA is of interest because screen of mobile phones is too small 
to display graphics such as maps. The term Portable Document Assistant (PDA) has been created by 
John Sculley in 1992 and first PDA  “Newton” was launched by Apple but has not been commercially 
successful (Reichenbacher, 2004). State of the art PDA’s have display size ranging from 4” – 5” with 
240x320 pixels and 65536 colours (Reichenbacher, 2004). 
 
 In addition to portable devices like PDAs several other kinds of mobile devices also exist which are 
mounted on moving objects such as on car, ship, and aircraft navigation systems (Reichenbacher, 
2004). Though, for this research the considered devices are portable, personal devices. 
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2.5. Navigation 

Maps for navigation include road maps, bus route maps, tourist maps, hydrographic charts and aero-
nautical charts. While verbal instructions can be used to describe a route to be followed, maps are 
usually superior. Verbal instructions can become cumbersome, especially if the route is complex, 
thereby increasing the likelihood of navigation errors. Once the traveler strays from the intended 
route, verbal instructions may be little help in getting back on course. Maps offer a more flexible al-
ternative. They allow identification of alternative routes, facilitate planning routes with several stop-
overs, and allow recovery from navigation errors without having to retrace the route.  
 

2.6. Earlier work on cartographic visualization for mobile applications 

Only small amount of work has been carried out on how to visualize the geographic information, par-
ticularly map data, on very small display. It is amazing that even for screen display in general barely 
any studies have been conducted. Considering the case of even smaller display, for instance PDA, 
these problems intensify. Reading map graphics becomes very difficult and several graphical elements 
such as symbols and fonts are highly sensitive for graphical distortions due to raster technology of 
screens (Reichenbacher, 2004). 
 
When we talk about map display on small display one may think of in-car navigation systems, which 
are there with us since last thirty years and are quite mature in US, Europe and Japan. 
Maps in the car navigation systems are in more abstract and simplified presentation forms such as au-
dio, textual information or simple graphics like arrows (Gartner, 2003). Many of the systems that are 
presently available can be categorized as “turn-by-turn” (Burnett, 2000). Figure 2.2 shows the visual 
display and an associated voice message for a typical turn-by-turn vehicle navigation system. These 
maps in the in-vehicle navigation systems are rather poor in design and less emphasis is given on car-
tographic visualization (Tonon, M, 2004, Reichenbacher, 2004a). For car navigation more abstract 
and simplified presentation forms (like acoustic information, textual information or simple graphics 
like arrows) are more suitable (Gartner, 2003). 
 

 

Figure 2.2 In-car navigation display 

 (Source: Burnett G E, 2000) 
 
When it comes to pedestrian navigation systems on small display devices, the choreographic aspect of 
the presentation form seems to be more important because pedestrian has lower speed, less connection 
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to specific network (e.g. roads) and much more relaxed decision situation. For a pedestrian not only 
the presentation of route but route environment is also decisive (Gartner, 2003).  
 
A number of research project have begin exploring the potential of LBS for the support of everyday 
consumers decision-making, although their focus had mainly been on the general system usability is-
sues or technologies, with little focus given to the cartographic representations  (Reichenbacher 
2004): 
 
HIPS (Hyper-Interaction within Physical Space) – one of the earliest LBS research programs which 
aimed at allowing city or museum tourists in Europe to “navigate both the physical space and a related 
information space at the same time” (Broadbent & Marti, 1997).  
 
Cyberguide – a location-aware handheld tour guide for directing visitors around a laboratory at Geor-
gia University, intended to address the development of context-aware mobile applications from a Hu-
man-Computer Interaction (HCI) perspective (Long et al., 1996).  
 
Deep Map – a ‘wearable’ mobile tourist information system incorporating location-awareness, aimed 
at providing users with large domain knowledge, enabling user interaction via natural language, using 
computer vision to localise the user, and providing multi-lingual user support (Malaka, 1999).  
 
Lol@ (Local Location Assistant) – a PDA-based system for guiding tourists along a pre-defined tour 
of Vienna’s first district, largely designed to demonstrate whether the application of multimedia tech-
niques would increase the acceptance of LBS and thus the efficiency of cartographic communication 
processes using mobile devices (Gartner & Uhlirz 2002).  
 
GUIDE – an adaptive, hypermedia-based, context-aware tourist guide for the City of Lancaster, UK, 
focused on exploring the use of contextual parameters for simplifying user interaction with mobile 
services (Cheverst, et al., 2002).  
 
Most of the research projects described above uses maps to communicate geographic information on 
mobile devices. However, largely the used maps are in raster format. These raster maps are generally 
scanned paper maps, which were designed for the different medium i.e. paper. The map graphics is 
too delicate for the size and resolution of the mobile device displays due to the raster display technol-
ogy. It must be doubted, if an efficient usage of such maps on small displays is possible. Especially 
LBS were shouted as the killer application for 3G are still far away from offering usable map graph-
ics. So far, their focus has been primarily on content and location information management. Even if 
vector data is used, the maps are cluttered and difficult to read considering the complicated reading 
conditions in mobile environments (Reichenbacher, 2004). 
 
Besides these projects there are few studies which dealt with the map dipslay on mobile devices. 
Reichenbacher (2001 a) has studied the process of adaptive and dynamic generation of map visualiza-
tion for mobile users. The main focus of the research was encoding geoinformation for mobile devices 
with GML and presentation as vector data. Reichenbacher (2001 b) also emphasized the need and po-
tential of adaptation methods in the realm of mobile cartography. 
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There is hardly any research on the Map Design for Mobile devices except (Nivala et al., 2003) where 
the authors study the usability issues concerning topographic maps in mobile devices and they con-
cluded that cartographic presentation and symbology of present topographic maps are not well suited 
to mobile small-display devices and need to be redesigned. 
 
Another study (KMS, 2003) was carried out by GiMoDig on ‘Small Display cartography’ and the fo-
cus of the study was to develop cartographic principles suitable to be used for personal navigation 
purposes when devices with small display are used. It gives recommendations for cartographic design 
but suggested to further develop the map design concepts.  
 
Reichenbacher (2002) focuses on adaptive and dynamic generation of visualization for mobile users 
using SVG. However it doesn’t emphasize the map design part. It has used SVG 1.0 for the visualiza-
tion, which is developed by the W3C for desktop PCs but it gives idea about SVG potential for the 
visualization. 
 
Though the map design for small display devices seems not the preferred issue by the cartographers 
but it should not be ignored. Location based services are extremely growing field with the enormous 
mass market and is therefore seen by the author as emerging research area (Uhlirz, 2002). 
 
Overall there is marginal research on map design and visualization on small display devices and there 
is need of further research seeing all the limitations and possibilities of map design for the mobile de-
vices.  
 

2.7. Conclusion 

This chapter covered the approaches present in the cartographic visualization for mobile applications 
and what is missing till now. The most of the approaches present are technology driven and less or no 
emphasis is provided on the cartographic visualization aspect. Thus it paves the way to look for carto-
graphic visualization possibilities considering the limitations provided by the mobile infrastructure. 
The next chapter deal with the role map display play in the mobile applications. 
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3. Role of maps in mobile applications 

3.1. Introduction 

This chapter discusses about what role map display play in mobile application. The visualization on 
mobile devices can be in the text form so what is the need of map. This chapter will try to answer 
these questions. 
Macroscopes are instruments used to make large objects smaller to gain perspective while opposite to 
that are Microscopes, which let us to enlarge a molecule to see what cannot be seen with human eye. 
(Url 3.1) 
 

 

Figure 3.1 Macroscopic and microscopic models of reality 

(Source: Url 3.1) 

 
Maps come under macroscopes, which are used mainly to represent spatial phenomena across the 
earth’s surface, though maps are not limited to earth.  
Scale is a measure of the relationship between the representation of the object and the object itself. If 
we put the surface of the Earth on small A4 size paper, we have small scale map with a large amount 
of abstraction and generalization while on the other hand if we have map of a park showing tracks, 
restaurants, restrooms, parking and minute details then that is large scale map with small abstraction 
and generalization. (Url 3.2) 
Another attribute of maps is the way we try to fit the 3 dimensional curved surface on flat paper and is 
called projection. Projection is of great concern in small-scale maps such as earth while it may be of 
less concern for a large-scale map such as park (Url 3.2). Symbolization is another important attribute 
of a map.  
Symbols and labels on maps can be placed in a great variety. An air photo of city is not a map though 
it has scale and projection and grey scales or colours but if it is tied to the surface with coordinates 
and boundaries, names are added then it might be properly classified as map (Url 3.1). 
Map can be defined as graphic representation of our environment. The definitions of maps have 
changed over time and can be found at Url 3.2. All geographical maps are reductions or abstractions 
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of reality. Curiosity about the geographical environment dates back to classic Greek times and ways to 
represent maps has become more and more specialized (Robinson et al., 1995). 
 

3.2. Why Maps? 

The way to communicate the information can be in written, spoken, or graphic language. The maps, 
which use graphic language, are regarded as the most effective way to communicate the information. 
Maps are used to visualize geospatial data that is refer to the location or attribute of objects on the 
earth. They help the user to better understand the geospatial relationships such as distances, direc-
tions, area, and patterns. Robinson et al., 1995 states that desire for spatial imagery i.e. maps of the 
objects in our environment is as normal as breathing.  
 
The need and usefulness of map can be judged from an example: consider a case of a tourist in un-
known city asking for directions about where to go and find places of his interest such as hotels, res-
taurants, emergency services, recreation facilities etc. He may be interested to know where are the 
restaurants, which are offering vegetarian food. The answer to his query may be in the form of spo-
ken, written, or graphic language. For spoken instructions the person is required to guide him verbally 
which may not be possible sometime as being unknown to place due to barrier of language etc.  The 
second option is in the written text form (in case of mobile applications written text directions coming 
on the small screen) e.g Go straight on Rajpur road for about 100 m, then from survey chownk take 
left turn and after going around 50 m you will find “ Ganpati” restaurant. To read the text form the 
user has to give time and great emphasis to read. Correlating the text information to our environment 
for understanding the geographic spatial patterns is difficult and reading text is also problem and it 
become even severe if you are using mobile devices, due to their small display and mobility of the 
user. But if this information is presented to the user in the form of map, the user will be pleased with 
the information. It would be easy to correlate the map with the environment in which we are moving. 
Maps are the most effective way to present the information and its need is increased when we are talk-
ing about the mobile environment.  

 

Figure 3.2 Devices showing the information in Text and Map format 
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3.3. Role of maps in mobile applications 

Meaning of Role as per Cambridge dictionary is the job someone or something has in particular situa-
tion. As per (Url. 3.3) the meaning of role is the actions and activities assigned to or required or ex-
pected of a person or group. We all play many roles in life, such as parent, husband, wife, child, 
teacher etc. Every activity has certain functions attached to that, and one has to play that part accord-
ingly. Similarly role of map can be defined as the functions, which is intended to be performed by its 
use.  
 
The role of the map is to facilitate a quick understanding of the available content and to provide quick 
access to individual items (Fluit, C. 2001). Role of map has been changing with the time. Tradition-
ally map plays the role for providing insight into geospatial patterns and relations. In ancient times 
maps were schematic representations showing the distances between objects and extent of areas 
vaguely. With the advancement of technology the map representations has also improved along with 
the role. 
 
The new role/function has added to this traditional one with the new medium, such as WWW and mo-
bile Internet, of disseminating geospatial data. In WWW map play an important role and has multiple 
functions. Maps can be used as they would in for instance an atlas or newspaper to present the struc-
ture of city or location of recent earthquake. Due to the nature of WWW it can act as interface or in-
dex to additional information for instance geographic location can be linked to photographs, movie, 
sound or other maps (Kraak & Ormeling, 2003). Due to interface nature of WWW maps can also be 
used to preview geospatial data products to be acquired. In this way map could play a prominent role 
in the country’s geospatial data infrastructure as being part of search engine (Kraak & Ormeling, 
2003). 
 
With the mobile applications at our disposal, new role of map has come up along with the traditional 
role. Location based services are the services provided based on the location of the user. Location has 
important role in mobile maps. Providing exact location of the user with respect to other geospatial 
features in the map is new role it plays. In case of paper maps, user has to locate his position on its 
own in the map with respect to other geospatial features while maps in mobile will show the exact 
location of the user using Global Positioning System (GPS) which help the user to relate his position 
to other features in the environment.  
Paper maps give spatial information only while mobile maps have added role of linking spatial infor-
mation with the non-spatial information such as pictures, text, hyper linking to other maps. This role 
is basically emerging due to WWW media and mobile media is not much far from the WWW. The 
most important function of maps is probably the orientation and navigation (Kraak & Ormeling, 
2003). Traditional role or even in the WWW environment all maps are north aligned and user has to 
rotate the paper according to north to relate it to spatial features while if we are talking about the mo-
bile maps the orientation of maps should be oriented according to the users position. 
 
The other important role is to find the route between two locations A and B showing optimal or short-
est path using real time data. This role mobile map has to play in most of the Location Based Services 
applications and helps the user in decision making on the spot. 
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Data availability at all scales to the user and information content as per the users is the new role it of-
fers. User can switch between different data views as per one’s requirement. At present the spatial 
data is stored in the form of layers at pre defined different scales at the server end while ambition of 
the data providers is that they ideally have data at all the scale, which means creation of huge data-
base, which is still not available in the most developing countries. In contrast, paper maps have infor-
mation content at fixed scale. 
 
Mobile maps act as search engines because one can link other maps/information by means of hyper-
links etc or using query one can search the content and other information in the map. 
 
Querying the map provides user the option to select particular information as per his/her needs e.g the 
user may be interested in hospitals which are having emergency units and that too opened for 24 
hours.  
 
Generally the paper maps and even the web maps are not up-to-date. While providing up-to-date, cur-
rent, accurate information is the role mobile maps. 
 

3.4. Conclusion 

Overall, the map display play very important role in mobile applications such as location based ser-
vices. We have seen in the chapter two that the cartographic visualization on these devices is yet not 
satisfactory so seeking its important role it is very necessary to have better visualizations. The next 
chapter deals with the possibilities of various cartographic visualizations. 
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4. Applicability of common map design 
principles to mobile applications 

4.1. Introduction 

The previous chapter discussed about the role of maps in mobile applications. This chapter describes 
the common map design principles used in the maps and web maps. Further the applicability of these 
design rules have seen in the era of mobile environments. Later in the section the limitations of map 
design for mobile applications are talked about and the possibilities for tackling these limitations have 
been discussed. 
 

4.2. Map design principles 

Map design is a process, comprising of various stages to draw an effective map. In previous chapter 
‘Role of maps in mobile applications’, we have seen that maps are geospatial images that can influ-
ence people’s conception of space.  

 
Design is a creation. In earlier days map design was limited to the cartographers only. Now with the 
access to GIS, everyone can become cartographer and produce maps. Generally these maps are having 
poor map design if cartographic design principles are not considered or not given proper attention. 
These maps may serve the needs of an individual (termed as visual thinking) but may not be suitable 
for visual public communication. The main objective in designing a map is to evoke an image of envi-
ronment in the minds of viewers appropriate to the map’s purpose. Unless a map bears a strong fidel-
ity to reality, the purpose of mapping will not be served. Can the maps be effective without design 
principles? 

 
Maps use different symbols to portray the reality and each symbol must be clearly distinguishable 
from other. Map design has much in common with writing. As a writer must utilize words with due 
regard to many important structural elements of written language such as grammar, syntax and spell-
ing in order to create a good written communication, similarly a map designer must pay attention to 
the principles of cartographic design to produce an effective map (Robinson et al., 1995). Map design 
is a process consisting of different stages, which are explained in next section. 

 

4.2.1. Map Design Process 

The map design process is a set of logical steps and by following it anyone can achieve functional 
map design. The process begins with consideration of the purpose of the map and collection of rele-
vant data. The map design process includes making decisions about the selection of geographic fea-
tures and attributes to be represented on the map, selection of an appropriate map projection given the 
purpose of the map and the geographic region of interest, choice of an appropriate scale taking into 
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account the needs of the map user, generalization of features and attributes represented on the map, 
selection of appropriate symbolization, and design of the overall layout of the map. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure. 4.1 Information transfer in cartography 

(Source: Url 4.4) 
 
The map design process is especially important because maps are a synoptic form of communication. 
The map-reader sees the entire graphic image at once. Unlike verbal communication in which the 
speaker or writer can control the sequence in which information is transmitted and received, the map 
maker has little control over how the map user will view and interpret the map but nevertheless has a 
responsibility to ensure that the map is designed in such a way as to ensure that the map user under-
stands the map's intended message. (Url. 4.3)  
 
The visualization process is guided by the sentence “How do I say What to Whom and is it Effective”. 
The cartographic visualization process is considered to be the translation or conversion of geospatial 
data from a database into map. During this visualizations process, cartographic methods and tech-
niques are applied. These methods and techniques can be considered as a kind of grammar that allows 
for the optimal design of maps, depending upon the application (Figure. 4.2) (Kraak, 2001, pp. 9 - 19). 
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Figure 4.2 The cartographic visualizations process 

(Source: Url 4.1) 
 

4.2.2. Cartographic data analysis 

The “How do I say What to Whom and is it Effective” guides the cartographic visualization process, 
and as such summarises what is called the cartographic communication process. In case of public 
communication it is important that map design should adhere to cartographic design rules because you 
are aiming at large public. This is to guarantee that maps are easily and well understood by the map 
users. While in case of exploration or visual thinking process this is not much of a necessity. Figure 
4.3 shows this process (Kraak, 2001, pp.53 - 71). 
 

 

 

Figure 4.3 The cartographic communication process 

(Source: Url 4.2) 

 
During cartographic information analysis process (What in the sentence) the type of data and purpose 
of map is first understood and analysed that how these data can be symbolized to serve the purpose of 
map. The information in the reality can be divided into following data types (Kraak, 2001, pp.53 - 71): 

 
• Nominal data on different nature/identity of things (qualitative) 
• Ordinal data with clear order, though not quantitatively determined (ordered) 
• Interval quantitative information with arbitrary zero 
• Ratio quantitative data with absolute zero 
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4.2.3. Cartographic Symbolization process 

To find the proper symbology for a map one has to execute a cartographic data analysis. The core of 
this analysis process is to access the characteristics of the data to find out how they can be visualized. 
The data that have to be visualized will always refer to objects or phenomena in reality. These can be 
heights measured at specific points, traffic intensities measured along a route network, no of inhabi-
tants living in an area etc. (Kraak & Ormeling, 2003). Point, line and area are used to depict reality in 
cartography and are called basic graphic elements (Kraak & Ormeling, 2003 and Robinson et al., 
1995). To distinguish each symbol from one another Bertin distinguished six visual variables as 
shown in Figure 4.4. These are size, value, texture (grain), colour, orientation and form (Kraak, 2001, 
pp. 53 -71).  
 
 

 

Figure 4.4 The graphic variables 

(Source: Url 4.2) 
 
The visual variables have certain perception properties (as listed in the columns on the right hand 
side) and these perception properties should be matched with the nature of information to be repre-
sented. The grouping in these categories is based on how they stimulate a certain perceptual behav-
iours within the map user.  

 
In Figure 4.3, the map (the outcome of How in the sentence) is read by the map user (the Whom in the 
sentence) who extracts a certain amount of information from the map represented by the “information 
retrieved”. It is clear from the figure that information and information retrieved do not match exactly. 
This means information derived by the user is not the same as the information process started with. 
It’s rather impossible to draw exact information from reality into map like visualization. When we 
transfer the real world into cartographic visualization the noise is added at each step of the process. 
Noise may enter the process at any point. These sources of noise can influence the effectiveness with 
which the cartographer's conception of reality is transmitted to the map user. (Url 4.3) 
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4.2.4. Design principles 

There is little consensus among designers about what they mean by graphic design. No definitive set 
of design rules is available to guide the beginner. The most important design principles for cartogra-
phy are legibility, visual contrast, figure-ground and hierarchical structure (Robinson et al., 1995). 
 

4.2.4.1. Legibility 

Graphic symbols are used to depict reality as discussed above. The first rule is to assure that they are 
easy to read and understand. Size is one important aspect of legibility, no matter how much effort you 
have put in producing a symbol it serves no purpose if it is too small to be seen. Another factor that 
affects the legibility is familiarity with the area (Robinson et al., 1995). This is basic rule, which will 
be valid in all cases irrespective of the medium of display, whether it is paper, web or mobile map.  
 

4.2.4.2. Visual contrast 

Creating symbols large enough to see does not in it self make them legible. An additional graphic 
principle, that of visual contrast is essential (Robinson et al., 1995). 
The contrast of the object with its background and adjacent signs determines visibility. Contrast is an 
important graphic element. Crispness, clearness and sharpness of a map depend largely on the amount 
of contrast it contains.  
 

4.2.4.3. Figure ground organization 

This is important aspect of perception; separation of visual field into figure and ground is automatic 
and is not a conscious operation. “It is natural and fundamental characteristics of visual perception 
and is therefore a primary consideration in graphic map design”  (Robinson et al., 1995). Contrast will 
increase the communicative role of the map since it will create a kind of hierarchy in the map con-
tents, assuming that not all information is of equal importance. This is known as visual hierarchy or 
figure ground organization. 
 

4.2.4.4. Hierarchical organization 

Due to complexity of real environment successful map require some kind of structuring information 
for example classes of roads vary in importance in general reference map (Robinson et al., 1995). Us-
ing different combinations of visual variable hierarchy can be achieved between mapped features. 
There are three kind of hierarchical organization that can be used to mapped features: 

• Stereogrammic 
• Extensional 
• Sub divisional 

Stereogrammic: you give the map users the impression that classes of features lie at different visual 
levels. By doing so, you direct attention to prominent layers so those become figure while less impor-
tant become ground (Robinson et al., 1995). 
Extensional: this refers to ranking of the features and therefore is usually ordinal. E.g. road system 
made up of several classes of roads (Robinson et al., 1995). 
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Sub divisional: when you want to portray the internal relationships of a hierarchy specially in case of 
area features e.g. subdivisonal categories of agricultural and non agricultural into several related cate-
gories (Robinson et al., 1995). 
 
Map design is more than the design of the individual symbols and involves all information to be rep-
resented in the map concurrently. This in principle is a clear-cut logical process consisting of a num-
ber of steps that should follow each other logically, beginning with an analysis of the type of informa-
tion to be presented. Anyone following these logical steps would be able to produce a functional map 
(Worm, 2001, pp. 87 – 107). 
 

4.2.4.5. Typography 

Robinson et al. (1995) state that names on the maps are a ‘necessary evil’. The general font attributes 
are type style, type form, type boldness, type size, type spacing and type colour. 
There is a huge variety of different forms and designs of text fonts that enable the (map) application 
for specific purposes. There are three basic font family classes: 
Classic or old style 
Modern (came into frequent use around 1800) – precise and geometric              
Sans serif (without serifs) sometimes called Gothic 
Classic and modern styles are also known as Roman. Serif type is a style of type in which individual 
letters are somewhat ornate in design and have serifs (short cross lines or ticks) at the ends of the let-
ter strokes. The fonts Times Roman, Century Schoolbook, and Palatino are examples of this style. 
Sans serif type fonts have letterforms without serifs, generally with a simple, geometric appearance. 
The fonts Helvetica, Triumvirate, News Gothic, and Futura are examples of this style. 
The type form refers to whether it is uppercase or lowercase, its stance is upright or slanted, it is ro-
man or italic and combinations of these. The tendency in cartography is for hydrography, landform 
and other natural features to be labelled in italic and for cultural features to be identified in upright or 
roman forms. In case of water feature it is clearly a strong convention (Robinson et al. 1995). 
Type size is important attribute because it determines its legibility. Different sizes can be used for or-
dinal data. In typography, ‘color’ of type refers to the relative overall tone of pages set with different 
faces. The legibility of text on map depends upon the visual contrast between type and ground. Black 
type on a white background is the most readable, because this combination has the highest visual effi-
ciency. Map reading is significantly affected by the positioning of names. Incongruous, sloppy posi-
tioning of lettering is just as apparent to the reader as are garish colours or poor line contrast. 
 

4.3. Evaluating map design principles 

Map design does not take place in a vacuum: rather a number of factors or external forces influence 
the design process. These factors are the purpose of the map, reality, available data, map scale, audi-
ence, condition of use and technical limitations (Robinson et al., 1995).  
 
Factors involved in map design process include the analysis of geospatial data, the description of map 
content and requisite perception levels to depict the data based on the purpose of the map, the exis-
tence of map symbol association and standards, the scale and required accuracy. Most of these factors 
correlate and influence each other (Worm, 2001, pp. 87 – 107). 
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In the past, the production of maps was with the realm of cartographers only. Their skills were a guar-
antee that authorative maps were produced. The rise of geographic information systems has increased 
the number of those involved in making maps. The revolution around the World Wide Web has even 
further increased their number (Kraak & Ormeling, 2003).  
 
Basics of map design discussed above do not change because of new web environment, although it 
does offer interesting extra opportunities. Similarly, map design principles remain the same for the 
latest mobile environments. As far as map display is concerned the web as a medium also poses some 
disadvantages. While creating a web map one has to consider the physical design, in both file and dis-
play size. The first is important because people are not keen to wait for long downloads, and the sec-
ond because the use of scrollbars to pan the map is also discouraged. Due to these characteristics, the 
design of web maps needs extra attention. Well-designed maps can be recognized, due to constraints 
as ‘empty’ because they have less information content and most of the information is behind the map 
image. This is not considered to be problematic, since one can include loads of information behind 
map image or at the back of individual symbols. The web environment gives option of interactive 
maps with possibilities such as mouse over events, pull down menus, hot spots. Access to this hidden 
information can be obtained via mouse over technique or by using clicking map symbols. In case of 
the mouse over technique the appearance of a symbol will change when covered by the cursor, or tex-
tual information will appear on the map. Clicking the symbol might open new windows or activate 
other web pages (Kraak & Ormeling). 
 
Extra information could also become visible by using the so-called texture filters. Texture filters 
could have the shape of a magnifying glass and when this is moved over the map the different levels 
can be shown. The possibilities offered by the web have extended the traditional cartographic vari-
ables as proposed by Bertin and opens the way to application of other “derived” graphic variables 
such as blur, focus and transparency, shadow and shading (Kraak & Ormeling, 2003). Further the de-
velopments in the Internet have produced the possibility to disseminate three-dimensional virtual en-
vironments via the WWW using VRML (Virtual Reality Modelling Language). The WWW is an ideal 
platform to combine different multimedia (defined by interactive integration of sound, animations, 
text and (video) images) elements with maps (Kraak & Ormeling, 2003). 

 
The graphic variables introduced by Bertin are widely used as guidelines for map design. He has 
mainly concerned with the monochrome maps so he treated colour as single variable. Later Robinson 
et al (1995) considered colour as three variables: hue, chroma (or saturation) and value (or lightness). 
In addition to splitting the colour into three variables, several authors have suggested additional vari-
ables or variations on existing variables (MacEachren, 1994 cited in Worm, 2001, pp. 87 – 107). For 
example several variations of textures have been proposed based on directionality, size and density of 
patterns.  
 
Overall we can say that basic map design principles will remain the same irrespective of the medium 
of the display while new medium such as the web maps and latest mobile maps have brought plenty of 
new possibilities along with the limitations. Next section discusses the limitations and possibilities in 
detail offered by mobile environment to the map design. 
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4.4. Limitations of map design for mobile applications 

Map design principles discussed in section 1.2 will be applicable in the mobile applications also but 
the major problems are legibility and contrast in case of mobile devices. Everyday consumers are gen-
erally less adept at understanding cartographic representations forms, a fact supported by one study’s 
findings that about 64 % of the general population has difficulty in reading maps. (Streeter & Vitello 
1986 cited in Urquhart et al., 2003).  

 
Limitations of map design come from the limitation of mobile infrastructure. The limitations of mo-
bile infrastructure can be divided into two: Device and Network. 
 

 
 
 
 
 
 
 
 
 
 

 
Most of the technical limitations of mobile devices such as lack of processing power, low colour 
range, slow connectedness, limited storage, less bandwidth, are improving at a very fast pace with ad-
vancement in technology but few limitations still lasts and will remain even in the future such as the 
display size of the devices. User interface of a typical handheld computer has a resolution between 
1200 % and 400 % lower than its desktop cousins with mobile phones generally faring worse (Urqu-
hart et al., 2003). 
The major limitation for map design is display size of the devices. In small display area we cannot put 
the details as we have in paper or digital maps. The density of information should be less thus putting 
great generalization pressure. Only generalization cannot solve the problem of map display because as 
a map designer one has to communicate the message in an effective way as per saying “How do I say 
what to whom, and is it effective”. So how to communicate the message with less information content 
is a challenge. 
 
Point, line and area are to be symbolized using the symbology principles and Bertin rules. In case of 
paper maps, digital and web maps the user can understand the symbology by seeing the legend on the 
map. The paper maps and digital maps usually use the geometric or abstract symbols to represent the 
ground features, which do not attempt to resemble the real feature represented. On different maps the 
same symbol can have different meanings. Therefore they always require explanation in a legend 
(Worm, 2001, pp. 87 – 107).  
 
Now in case of mobile maps there is no space for a legend and users doesn’t have time to understand 
the symbols. Further, the user is mobile and consulting the legend to understand the map also inter-
rupts the map reading process. These factors give another challenge to the map design. In case of pa-

Display: 
Small screen size D 

Limited resolution D 

Low (if any) colour range D 

Interaction: 
Limited input opportunities D 

Restricted output capabilities D 

Performance: 
Slow connectedness N 

High latencies N 

Limited storage D, N 

Restricted processing power D, N 

 

____________________________ 
D: Device, N: Network 
Source: (Urquhart et al., 2004) 

 



 23 

per maps and digital maps, generally geometric symbols are used which acquire less space but need 
legend or full description to understand the meaning of the symbols as discussed above. These kinds 
of symbols cannot be used in mobile maps because it intensifies the need for a legend. So, a map 
without a legend makes the map reading process more difficult.  
 
Due to small display the next limitation in map design is the legibility of the symbols and text. The 
minimum sizes of symbols defined in case of paper and digital maps cannot be applied to the mobile 
maps because of typical characteristics of mobile devices such as small size and low resolution, out-
door environment. A symbol should be large enough to understand it’s meaning but as we have lim-
ited pixels so it is a great problem to optimally use the space and convey the meaning. We cannot la-
bel each and every feature because it will make the map cluttered.  
 
When designing maps for the screen, including the web maps, new design possibilities arise, such as 
multimedia (sound and video), animation, and interactivity, because of the medium compared to paper 
(Worm, 2001, pp. 87 – 107). In case of web maps or digital maps the user is sitting in a relaxed envi-
ronment and interactivity is high but in case of mobile devices the user is mobile and is in an outdoor 
environment, have less time and limited input facilities to interact with the map in contrary to desktop 
computers. Much interactivity will involve the user mind and may cause danger to life. This gives rise 
to a limitation to map design by ruling out much interactivity. Animation which is very common these 
days in case of web maps design can not be used extensively in mobile map design because of limiting 
processing capabilities and low bandwidth, though in future this may be possible.  
 
However, as has been mentioned, various limiting technical factors come into play with respect to 
web maps because of the specific character of the web. One of the biggest limitations is the frequent 
need to keep file size small in order to facilitate downloading as web maps and small area of display. 
This in turn loads to the need to limit the amount of information on a map and to take great care with 
generalization (Worm, 2001, pp. 87 – 107).  The big file size of map also causes problem of function-
ing due to limited processing power of the systems. These limitations are even worse in case of mo-
bile environments.  
 
The mobile devices have low colour range varying from 8 bit (256 colours) to 16 bit (65536 colours) 
as compared to desktop computers, which are having 16 million colours. When we are sending the 
maps over Internet the cartographers have little control over the viewing conditions at the user’s end. 
So while designing maps it is safest to assume the user’s configuration set to 256 colours. The web 
safe colours palette is used to guarantee ‘non dithered’ images. The mobile maps are very near to web 
maps, which are using 216 web safe colours due to limited control on different viewing conditions at 
the user end. The use of colours should be limited because the user will have problem in identifying 
different colours due to viewing conditions such as sunlight. In case of mobile maps visual contrast 
becomes more important considering the outdoor viewing conditions. This factor needs to be consid-
ered while designing the maps for mobile applications. 
 
The speed of the mobile Internet is limited as compared to the fixed Internet: processing power is less. 
Web media gave us the opportunity due to media such as animations, multimedia but these cannot 
apply as such to mobile maps because of limitations described above. Along with these limitations 
mobile maps give the possibility of mobility. So it combines the mobility of paper maps and accessi-
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bility and actuality of web maps (van Elzakker, 2001). Mobility on one hand gives the possibility of 
taking the device wherever you go while on the other hand brought limitations for map design. As the 
user is involved in other activities being mobile, we cannot use much interactivity with the maps.  
 
There are other limitations such as limited input, restricted output capabilities, high latencies and low 
storage. The more emphasis in this thesis is on limited display of devices, which will last in the future 
as well. 
 
The environment in which the device will be used also brings limitations. The map is used in day and 
night time and the objects cannot be seen in sunlight and in the dark. 
 

4.5. Possibilities of map design for mobile applications 

The cartographic visualization on mobile devices causes a lot of problems due to limited capabilities 
of such devices. In this section these problems are confronted and possible solutions are discussed. 
As discussed in the previous section, the major limitation to map displays comes from the display size 
and is thus limiting the information content presented. The solution to this can be sorted by first care-
fully selecting the information content required at a particular scale for a specific application as in this 
case the pedestrian tourist. The small display of devices limit the amount of information on a map, 
which can be solved by most common solution such as zooming and panning. Zooming option can be 
available in three different ways as described in (Worm, 2001, pp. 87 – 107): 
 

• Static linear zooming 
• Static steeped zooming 
• Dynamic zooming (animated scaling) 

 
Static linear zooming: In this the relation between zoom factor and map content is static. When 
zooming operation is applied into the map, the image is linearly enlarged without changing the con-
tent of the map. In this case map is simply stored as an image. This is most commonly applied zoom-
ing option in case of web maps (Worm, 2001, pp. 87 – 107) and even in the mobile maps. Most of the 
mobile applications use the scanned paper maps, which are having the static information content. This 
will not give the effective information in case of mobile maps.  
 
Static stepped zooming: In this case a series of maps of the same area is available, each one designed 
for a different scale or scale range. When the user requests zoom in or out, the software automatically 
chooses the most suitable maps for the desired scale. This is widely used in case of web maps and can 
be used in case of mobile maps but require constant link with the server at high speed because at each 
zoom in or out activity the data is retrieved from the server and rendered on the client device. The user 
is generally having less patience and is mobile so he wants the map immediately. This problem can be 
solved with the upcoming UMTS network where the device will always be online. 
Here the approach multiple representation databases can be used. According to Hampe et al. (2004), a 
multi representation database (MRDB) can be described as a spatial database, which can be used to 
store the same real world phenomena at different levels of precision, accuracy and resolution. 
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To create the individual maps for a mobile device real time generalization of data is often required. 
Despite the efficient methods developed in recent years, available generalization process for going 
from large scale to small scale are very complex. Thus to solve the problem of real time generaliza-
tion, most of the studies have used the pre-generalized visualizations available at different scales.  
 
Dynamic zooming: In this case there is direct relation between map scale and content. The larger the 
scale the more detail is shown in the map. To achieve this a direct link between map and some kind of 
database is necessary. The cartographic symbolization may change with change of scale (Worm, 2001, 
pp. 87 – 107). This may be possible ideally if we have a database at each level of detail and thus this 
will solve the problem of generalization as well. At present, this situation is limited because most of 
the countries do not even have a basic database to support such kind of activities. But in future this 
could be the possibility to achieve better visualization at desired levels on mobile devices.  
 
In personal navigation (the use case in this study) a user often needs both a detailed map of the area 
around his current position as well as an overview map. In cartographic terms this means that the user 
requires both large-scale and small-scale data. To overcome this problem a map can be created where 
the scale in the middle (close to the user’s position) is larger than the scale in the border areas of dis-
play proposed by Harrie et al., 2002 cited in Hampe et al., 2004. 

 

Figure 4.5 Variable-scale map 

(Source: Harrie et al., 2002 taken from Hampe et al., 2004) 
 
Now to show the information content in an effective way, the cartographer has to apply cartographic 
rules and grammar on point, line and area symbols to represent reality. Symbology without legend is 
difficult to understand as discussed earlier in the previous section. The solution to this problem may 
be the use of pictographic symbols. Geometric symbols would not be preferred in case of mobile maps 
because they cannot be understood without legend. On the other hand, pictorial symbols require large 
space to become legible. Thus size of these symbols needs to be determined optimally which is tack-
led in next chapter so that they give the messages in effective way without hindering the other features 
of the map. 

 
The necessity of a legend can be overcome by designing the symbols in such a way that they are self-
explanatory. But this is an ideal case. Pop up legends can be one option where a user on his/her will 
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can on or off it. Viewing time for mobile maps is short in comparison to web and paper maps. Further, 
Nivala (2004) emphasized in her study that a legend interrupts the user map reading process. Taken 
together, these lead to the use of simple, easily recognizable symbols and much of conventional map 
symbols associations such as blue for water, green for forest etc. that are familiar to the users.   
 
To make the symbols understandable, certain possibilities used in case of web maps such as mouse 
overs, tool tips etc. can be used, which trigger the information in text form describing the object. 
 
One more possibility to increase the legibility of the symbol can be that while the user moves his/her 
pointer on the object its size gets bigger and by clicking it gives further information (shown below).  
 
 
 
 

Figure: 4.6 Mouse over effect 

 
Maps on screen can also make use of graphic and symbol design options that, in the days of analogue 
paper map production, were not possible, or possible only with great effort (Worm, 2001, pp. 87 – 
107).  
 
As discussed in section 1.4, limitations that we cannot put much information in mobile maps due to 
small display. Web maps gave the concept of interactive web objects where on clicking a particular 
object next level of hidden information can be triggered. In this way one can include lots of informa-
tion behind map images or individual symbols (Kraak, 2002). Due to this reason Kraak & Ormeling 
(2003) termed web maps as ‘empty maps’. This possibility can be available in case of mobile maps as 
well. Clickables can be used to access additional information on specific points or areas on the map 
that is not shown all the time and thus helps to reduce the overloading of the map presentation (Gart-
ner & Uhlirz, 2001). 
 
We cannot name everything in the map because it will make it illegible to read and understand. So, 
the tool tip option can be used to make the map simple and easy to read. ‘Tool tips’ are used to show 
short written information as lettering and the advantage of this representation is as well not to over-
load the map graphics (Gartner & Uhlirz, 2001). 
 
In cartography, the ordinary way to solve the problem of limited space while presenting the spatial 
data is to generalize the data. The other option can be where user gets the possibility to specify the 
information he needs for his purpose or he specifies his purpose and the system selects the necessary 
data and leaves out unimportant details. 
 
For example (Figure 4.7), a user wants to go from position X to Y, so instead of giving all the irrele-
vant information only selected information can be shown, based on his/her query. This can solve the 
problem of small display on one hand while the problem of file size on another. 
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Figure 4.7 Presenting route specific landmarks 

(Source: Hampe & Elias, 2004) 
 
The other option can be to only highlight the information specific to the user's needs along the route 
and dim all other objects. Because of this, the resulting map contains only the relevant information 
without any dispensable details.  
 
This help the user to find these objects easily on the map and also supports in recognizing the build-
ings in reality more easily. Label all the landmarks along the shortest path selected by the user.  

 
Three-dimensional visualization is the possibility to gain an insight in the more complex data relations 
in the geospatial databases. The web offers an environment to create and distribute three-dimensional 
graphics rather easily. This can be an effective way of cartographic visualization because we see the 
world in three dimensions not in two.  
 
Most of the mobile maps services used raster maps, thus its difficult to interact with them and require 
large space for storage and further quality is poor. These kinds of problems can be solved by using 
vector approach. We can interact with vector approach easily. The downloading problem might be 
solved with advancement of technology and file size can be made smaller by using vector approach 
instead of raster approach. 

 
In vector approach also Scalable Vector Graphics based on XML can be used which is text based and 
contains very less file space as compared to the raster thus easy to transfer large data through the nar-
row bandwidths.  
 
As the maps in mobile devices would be frequently used in the bright sunlight, thus the contrast be-
tween features that would be suitable in the indoor environment may not be suitable in the sunlight. 
Thus contrast between different features in the map need to be increased to enhance the visibility. 
During night the buildings or landmarks may not be visible, that are necessary to navigate. To solve 
this problem, concept of active landmarks can be used. Active landmarks are the buildings that have 
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sensors (using blue tooth technology) and when user with the device move near the building it will 
give alarm or highlight the building in the map telling that you are approaching to this particular 
landmark.   
 
As we are talking about the tourist, so he may be moving in the city on Sundays and he wants to know 
the nearby restaurants. But on Sunday, all the restaurants may not be opened. To answer his query in 
an effective way, a visualization may be generated where all the open restaurants shown as dark col-
our (raised symbols) and the closed one in dim shade. Further to enhance the visualization, the open 
restaurants may be defined as clickable objects.   
 
The other case considered is where the user may be not be knowing the standard English language 
used in the map or he may be used of reading local language so visualization to his needs can be cre-
ated showing the name of roads and features in local language. 
 
These are some cartographic possibilities which can be used to make effective maps in the context of 
mobile environments and most of these will be tested in a user test, as described in the next chapter. 
 

4.6. Conclusion 

Mobile environments with limitations also give new possibilities of cartographic visualization, which 
were not possible in case of paper or digital maps. As the mobile maps are not far from web maps, 
most of the techniques can be adapted in case of mobile maps. The basic design principles will remain 
the same irrespective of the medium of presentation though these have some technical limitations. 
Considering these limitations and possibilities, next chapter deals with the map design for the use of 
pedestrian tourists. 
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5. Map design for pedestrian tourist 
navigation with the help of PDA 

5.1. Introduction 

In the previous chapter, we have discussed about the prevailing map design principles, limitations and 
possibilities of map design for mobile application and applicability of these principles in the era of 
mobile environment. Focus of this chapter is mainly on the map design for pedestrian tourist navigat-
ing in an unknown city, with the help of a Personal Digital Assistant (PDA), considering the possibili-
ties and limitations of map design for mobile applications. Design principles discussed earlier are kept 
in mind during the design process.  
 

5.2. Use Case 

Whenever we think of designing a map it is not without purpose. Purpose helps us to focus, limit and 
apply specific design considerations to achieve the visualization goal. To limit the scope of the study 
Pedestrian navigation is considered as the use case for this research The reason to choose the pedes-
trian tourist navigation is that whenever I travel to a city as a tourist first of all I look for the tourist 
information centre to get a map and I waste lot of time in collecting the information about the city, 
map from information centre. Besides, sometimes the maps are outdated. Now with the arrival of Lo-
cation Based Services, one can get map services on his/her mobile devices depending upon his loca-
tion. Mobile maps can provide the user the accessibility, actuality and mobility. The user can have 
access to real time information based on his location e.g. which theatre in nearby area is running 
movie “Gladiator”. These kinds of services can help in saving the time of the user by providing ser-
vices based on his/her location and he/she can use in decision-making. I feel with this kind of system a 
person can not only save time, but also provide the user the accessibility, actuality and mobility. 
 
Spatial information is decisive for many aspects of human life as well as for business decisions, the 
efficient transmission of spatial information includes not only the aspect of which visual-graphical 
tools are appropriate, but also which methods of accessing and browsing the information are avail-
able. In this context mobile handheld devices, as they are expected in an UMTS-environment, can be 
seen as the next step in the "digital revolution" of cartography, enabling time- & space-independent 
access conditions to all kinds of digital representation of spatial information (Mitchell, 1999 cited in 
Uhlirz, S. 2002).  

5.3. Data selection 

Taking this particular use case in mind, data have been selected. This is the first step in the map de-
sign process and it is an important question what type of information has to be presented. The data 
related to Landmarks, Temples, Parks and gardens or recreational areas, Cinemas, Places of tourist 
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interests, Hotels, Restaurants, Banks, ATMs, Post office, Petrol pumps, Hospitals, Fire station, Police 
stations, Bus stand, Railways station, Minor roads, Major roads, Natural features such as water bod-
ies, and built up area are considered keeping in mind the purpose of the map. The justification for 
choosing these layers is that whenever the tourist comes to a unknown city he arrives at bus 
stand/railway station or airport (if any) then he is interested in the tourist information centers, hotels, 
restaurants, places of tourist interests, parks/recreational areas, cinemas, temples and during his stay 
in the city he may require facilities like banks, ATM’s, post office, petrol pumps or emergency ser-
vices like hospitals, fire station, police station. Landmarks are required because these are the most 
important features for human wayfinding (Hampe & Elias, 2004) 
 
The area chosen for this research project work was Dehradun city, and environs located in the district 
of Dehradun, a part of Uttaranchal state, India. Dehradun extends from the latitude 30° 19' in the 
North to longitude 78° 04' in the East. The tourist map of Dehradun prepared by survey of India at a 
scale of 1:25000 of the year 1999 was used for selecting the places of tourist interest; fragment of this 
map is shown in the Figure 5.1. Data related to points of interest (POI) and roads was collected from 
the Human Settlement Analysis Group department of IIRS.  
 

 

Figure 5.1 Part of Tourist map of Dehra Dun 

 

5.4. Softwares used 

To design a map GIS software was required which should have strong cartographic capabilities. For 
this research ArcGIS (ArcMap) was tested, as this is one of the best for cartographic visualization 
(van Elzakker, 2002). It gives various options to use symbology. However it has high cost, which can 
be considered as the limitation in using it. Other GIS software’s can be used for creating the similar 
maps.  
Besides this Scalable Vector Graphics (SVG) was explored in the research. SVG stands for Scalable 
Vector Graphics. It is a non-proprietary format, an open standard, proposed by the World Wide Web 
Consortium (W3C). The scalable part of the term emphasizes that vector graphic images can easily be 
made scalable (whereas an image specified in raster graphics is a fixed-size bitmap). Thus, the SVG 
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format enables the viewing of an image on a computer display of any size and resolution, whether a 
tiny LCD screen in a cell phone or a large CRT display in a workstation.  
In addition to ease of size reduction and enlargement, SVG allows text within images to be recognized 
as such, so that the text can be located by a search engine and easily translated into other languages.  
Vector graphics images also have the potential advantage over the standard Web image formats, the 
GIF and the JPEG, of size. Compared with a bitmap image, an SVG image may be much smaller and 
arrive more quickly.  
SVG is accessible in its raw format to a human with only a text editor. In addition, size of verbose 
files with so many tags and attributes can be easily compressed and a typical SVG file will be passed 
across the internet in its gzipped form with the .svgz extension. 
 As a presentation tool it allows complex scalable cartography in a highly compressed form. As an 
XML embedded language it provides hyper links on vectors and line groups as well as DOM level 2 
IDL access through scripting or programming languages. As a vector design language it offers unpar-
alleled portability.   
 SVG begins to have real impact on GIS with the incorporation of graphic linkage. A mouse over af-
fect can highlight a line, polygon, or symbol, which links to a more detailed SVG tree in a web of 
links opening additional windows of detail as required. 
Each aspect of SVG, presentation, animation, graphical hyper links, and portability, is interesting in 
its own right but it is the combination of all these features in a universally accessible XML document 
model, which is exciting for GIS Internet applications.  
Taken all together SVG opens the web up to ubiquitous vector applications including graphic inten-
sive mapping/GIS. More on SVG can be found at Url’s (5.1- 5.7). 
 

5.5. Design steps  

5.5.1. Simulating the PDA device 

The purpose of the research is designing effective maps for mobile applications. For designing a map, 
we need a platform, with which we can interact easily while testing the design possibilities and envi-
ronment, which is having cartographic capabilities (e.g GIS software). The PDA platform is having 
restricted input and output capabilities and low processing power and is not suitable to run high end 
GIS software’s with cartographic capabilities. This further strengthens the need to simulate the PDA 
size on the desktop environment. Now the need was how to accomplish it? The resolutions of the two 
systems are different. The terms like dot pitch, pixel and dot per inch are being explained. 
  

Pixel 

The pixel (a word invented from "picture element") is the basic unit of programmable colour on a 
computer display or in a computer image. Think of it as a logical - rather than a physical - unit. The 
physical size of a pixel depends on how you've set the resolution for the display screen.  

Dot pitch 

The dot specified by the dot pitch is the smallest physical visual component on the display. Also 
called phosphor pitch, a measurement that indicates the diagonal distance between like-coloured 
phosphor dots on a display screen (Figure 5.2). Measured in millimetres, the dot pitch is one of the 
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principal characteristics that determine the quality of display monitors. The lower the number, the 
crisper the image. The dot pitch of colour monitors for personal computers ranges from about 0.15 
mm to 0.30 mm. 
 

 
 

Figure 5.2 Zoomed view of screen pixels  

 
 
The difference between a "dot" (as in dot pitch) and a pixel is that a pixel is mapped onto the dots on 
the screen. When the monitor is set to lower resolutions, one pixel encompasses multiple dots. While 
at highest resolution, one pixel equals to one dot so pixels are typically larger than the "dots" on the 
actual screen. PDA has fixed resolution with dot pitch of 0.25 mm while the desktop computer used 
for simulation was having resolution of 1024 * 768 with pixel size of 0.32 mm. In this case, as ex-
plained above one pixel is larger than one dot. When we draw graphics on the screen, it actually takes 
dot (as in dot pitch) not the pixel. However people used these terms synonymously. To bring the dot 
pitch of the desktop computer at par with the PDA, its resolution was changed from 1024 * 768 pixels 
to its highest 1280 * 1024 pixels thus bringing one pixel equal to one dot i.e. 0.25 mm. Now the desk-
top PC is having resolution equal to the PDA. As the raster background is the same now the extent has 
to be changed to bring it to 240 x 320 pixels. This was achieved in two ways first by using SVG 
where the size of map i.e. width and height were fixed as 240 and 320 respectively (Figure 5.3), sec-
ondly by using Arc GIS, where the page layout has been fixed, equal to the size of PDA i.e. 6 cm X 8 
cm as shown in Figure 5.4. 
 

 

Figure 5.3 SVG code for fixing map extent 
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Figure 5.4 Simulation steps 

 
 
 

Simulated PDA 240 x 320 pixels 

Desktop computer 1280 x 1024 pixels 

Layout view with di-
mensions 6 cm x 8 cm 
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5.5.2. Map design 

The map is designed using ArcGIS and the result is tested on the simulated PDA and finally the 
ArcMap document (*.mxd) is exported to Scalable Vector Graphics (SVG) using a demo version of 
Map View SVG.  
The task to create a map is dependant on the following facts: 
§ The purpose of the mapping or representation of information 
§ The target group with all their different experiences 
§ The user requirements and needs for various information and mapping of these. 

We cannot expect to compose of an ideal universal map. Hence the task will be to limit and specify a 
rather narrow purpose and goals for the map to be used. 
The goal of this research is to design an effective map for pedestrian tourist navigating in the city. For 
this research, the most common display size of a PDA i.e. 240 x 320 pixels on 6cm x 8cm screen is 
considered. This results in a resolution of 102 dpi, which means the pixel size is 0.25 mm. This is the 
most common screen display available at the time of research. 
The 65536 colour display is considered which is the best available at the time of research was begun. 
An important aspect of PDA for cartographic applications is the display.  
Because of the screen’s resolution is only 102 dpi, minimums for font size and graphic parameters 
needed to be established. The minimums were determined by considering the size of the display area, 
the raster size of the frame buffer, and the raster size of the output media. The viewing distance be-
tween a user and device was also considered and estimated to be about 25 - 30cm.  
 
To represent the geographical world we have to use the point, line and area symbols. First principle is 
the legibility of the symbols and this principle would apply in case of mobile devices also. 
 

                                          

Figure 5.5 Line drawn on computer screen 

(Source: Url. 5.2) 
 
For deciding the minimum of line width it is necessary to know how the line is drawn on the computer 
screen. Drawing a line on a computer monitor is harder than on paper. Paper is analogue and you can 
just draw a line from point A to point B. On a computer screen this is not the case. The screen is 
raster, made up of discrete pixels laid out in a grid like a screen as a sheet of graph paper as shown in 
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Figure 5.5. Each pixel is like a square on the paper, and can only be one colour. The line we are draw-
ing is vector on raster background. 
 
After analysing the line algorithm it is concluded that whenever we draw a line it takes at least one 
pixel (dot, physical unit of the screen) and if we increases the width of line in fractions like we do in 
software’s, it will increase in terms of pixel. For example on screen having dot pitch 0.25 mm, the 
minimum width of line that can be drawn is 0.25 mm i.e. 1 pixel and if we want to draw a line of size 
0.4 mm it will take full pixel and draw line of 0.5 mm i.e. 2 pixels. Empirically it is observed that the 
minimum size of line is 0.25 mm that is legible at a distance of 25 cm. 
As per the traditional rules the minimum size for legibility of point symbol at a viewing distance of 50 
cm is 0.3 mm (Robinson et al., 1995), it means that this size would be visible at a distance of 25 cm 
also. Now the question is that whether the point symbol of this size is visible in PDA screen or not. I 
started experimenting by taking 0.25 mm as base, because if 0.3 mm will be given it will draw a dot of 
0.5 mm. By empirical testing it is proposed that minimum point size, which can be legible on these 
devices, is 0.75 mm i.e. 3 pixels. While this limit would be higher when we have other features on the 
map.  
 

5.5.2.1. Labelling on the maps 

Text is an important feature of a map regardless of the medium of display i.e. whether paper or elec-
tronic. When viewing text on paper the eye prefers the flowing character of serif type fonts printed at 
high resolution. When viewing text on a computer monitor the sans serif type fonts are preferable. 
This is because serif type fonts tend to look messy when displayed on a monitor as shown in the Fig-
ure 5.6 (a). Computer monitors have low resolution, resulting in aliasing. Aliasing causes serif type to 
look jagged. 
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(a) Serif (Times New Roman)               (b) San-serif (Arial)  

Figure 5.6: Map labelling using different font families (point size 10) 

 
It is clear that the san serif font family has some advantages when considering our special objective. 
The lack of ornamentation and small details makes the san serif font simple and rather easy to map 
and represent on a computer screen as shown in the Figure 5.6 (b). These fonts are simple but here the 
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priority is functionality.  A comparison between serif and san-serif has shown in the Figure 5.6 and it 
is clear that san-serif fonts are more clear and easy to read. 
I have chosen the san serif font family in the study to be used in small displays of mobile devices in 
order to optimise the usefulness and understanding. It is observed that when we place the text in slant-
ing position its readability decreases as compared to horizontal positioning. In horizontal position text 
size of 8 points of font Arial is legible at a distance of 25 cm while it is recommended to use little 
higher in case of slanting positions. The roads are generally sloping thus font size should be of little 
higher colours 
 

5.5.2.2. Information content and scale of the map 

As the medium for display is PDA having size of 6 cm X 8 cm (240 X 320 pixels) the information 
content and density of information cannot be much. Further density of information is related to the 
scale. In principle, maps on the screen, and thus mobile maps, have no fixed scale, since they can be 
enlarged or reduced at will by “zooming ” in or out. There is however an ideal scale (or scale range) 
to display any particular map, depending on density, accuracy of map detail (Worm, 2001) and of 
course also depending on the purpose of the map. Thus the scale, information content, and size of dis-
play are all correlated. 
 
When the tourist is viewing a map he may need a panning option but it is generally avoided consider-
ing he is mobile and it would be very inconvenient to pan the map again and again to get information 
so at one time information content should be sufficient. In case of Location Based services, ‘automatic 
panning’ option can be thought of where GPS is attached to PDA and location of the user is in the 
centre of the display. 
 
On selecting the scale 1:2500 the map shows area of 150 m by 200 m on the PDA this would be small 
area to present the information. Though larger the scale, the more detailed and more easy it is to navi-
gate. At this scale only park is visible as shown in Figure 5.4 (a). On increasing the scale to 1:5000, 
the information increased with an area covering 300m x 400m. At scale 1:7500, which covers an area 
of 450 m by 600 m on ground, it is showing sufficient information and density seems ok. All the sym-
bols are legible and there is no overlapping even in congested areas. At the scale of 1:10000, the sym-
bols have started overlapping and on higher scale the map gets clumsy. Thus a scale of 1:7500 is con-
sidered as default for the purpose of map. As a tourist, he is generally not much interested in building 
level detailed information. Few studies related to mobile applications such as Lol@ (Gartner & Uh-
lirz, 2001) have used scale of 1:7500 as the default scale for pedestrian tourist navigation. 
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Figure 5.7 Visualization of spatial information at different scales 

5.5.2.3. Data type 

To find the proper symbology for a map one has to execute a cartographic data analysis. The core of 
this analysis process is to access the characteristics of the data to find out how they can be visualized.  
The data selected for the purpose of the map is of nominal type except roads layer, which is ordinal. 
The roads considered here are of two types major and minor. these have been shown by using the vis-
ual variable ‘size’. The nominal data has been shown with the help of variable shape (style). 
 

5.5.2.4. Symbology 

The point of interest symbols should be based on the everyday met signs in the street and other places 
and therefore in a way familiar to people. They should ideally recognize these symbols from the map 
on the handheld devices without much effort. The reason to choose pictorial symbols instead of geo-
metric symbols is that it reduces the need of a legend though not fully. Considering this, pictorial 
symbols are selected for the points of interest, e.g. a representation of a bus is used for Bus Stand, 
Fork and Knife for restaurants, Red Cross for hospital etc as shown in the Table 5.1. These kinds of 
symbols are very familiar to people and will ease the map reading process. Size of symbols will be 
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larger, due to low-resolution, as compared to paper and digital maps thus taking more pixels, which is 
again a problem because there is not enough area. Thus the size of the symbols should be optimally 
selected i.e. neither too large nor too small. The sizes are determined using the legibility principles 
and later on effectiveness of these are determined based on users testing. The sizes of the symbols are 
varying from 25 pixels to 28 pixels in the map, which are legible from a distance of 25 cm though 
legibility of the symbols is tested later on. 
 
Table 5.1 Pictorial point symbols 
 

 
Because of the possible crowded area in terms of POI in the center of the cities the POI symbols re-
moved from the real spot while the real position is represented by a mere dot symbol. This method 
helps to solve overlapping of symbols as shown in Figure. 5.8 marked with blue circle. It is proposed 
that symbols should be scale less because if the symbols are scale dependent then in case of static 
zooming the size of symbol will go on increasing with ‘zoom in’ function thus spoiling the readability 
of map.  
Standard cartographic symbols and conventions such as blue colour for water, green for parks and 
open spaces, red for roads, and light grey for built up area are used, because people are generally fa-
miliar with these conventions. 
The roads are of ordinal data type and are shown by using visual variable size. Based upon the 25 cm 
distance from the device, minimum widths of 0.25 mm (1 pixel) and 0.5 mm (2 pixel) were chosen for 
minor and major roads respectively.  
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Figure: 5.8 Relocation of symbols to avoid overlapping 

 
Considering the figure-ground organization principle, the built up area has been given light gray col-
our using basic 256-colour palette. Light colour of the built up area gives background and helps to 
figure out the point and other features thus increases the readability. Overall four to five colours are 
used in the map because the use of more colour will hamper the understanding of the map without 
legend. Bertin's six visual variables and the derived graphic variables transparency and blur focus are 
used in the map design.  
 
There is no place for auxiliary items such as a legend as discussed in the previous chapter. So, an at-
tempt has been made to use the symbols that represent the real world as close as possible but ideally 
we can only design such symbols, which truly represent the reality. It means there should be some 
extra information required to recognize the symbols. In case of paper and digital maps the legend is 
there which explains the meaning of symbols used. To increase the legibility of symbols, the tool tip 
option is used which displays the description in the text form, the moment the user places his/her sty-
lus on the object as shown in the Figure 5.9. The tool tip is not shown constantly thus there is no con-
flict with other map elements. This tool can improve the flexibility of map presentation.    
   
 

Shifted from original position 
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Figure 5.9 Text description using tool tip in SVG  

 
The other solution to overcome the problem of the legend and to increase the legibility of symbols is 
that the moment the user places his/her stylus on a symbol it gets bigger as discussed in the previous 
chapter. I have tried to implement this in the SVG document exported from ArcGIS but it was not 
possible. The symbols used during the map design process in Arc GIS are not symbols but fonts (such 
as ESRI default marker), this made it difficult to scale as discussed with André, (2004), an author of 
carto.net. We can scale the symbols (vector graphics) using SVG but not the fonts. However this con-
cept was tried on a symbol in SVG and was successful. 
 
Different kinds of visualization were created, in the Figure 5.10 (a), roads are shown with normal sin-
gle line while in the Figure 5.10 (b) the visualization is generated where the roads are shown in double 
line thus giving the impression of individual blocks in between road segments. However effectiveness 
of these different kinds of visualizations were assessed on the basis of user testing.  
 
For the purpose of labeling in mobile maps, Arial font of San-serif family of the size 8 – 10 points of 
black colour is used. Labeling cannot be done for each feature because in such a small area (240 x 320 
pixels) it will make the map cluttered, so only major roads are named. The tool tip option is used to 
reveal the description of other features and symbols as shown in the Figure 5.9. 
 
Clickables are used to get the hidden information in the maps as shown in Figure 5.11. In this, a case 
is considered where a user fired a query to find out the cheapest hotel around 500 m. On clicking the 
hotel icon he will get the information in the text form describing the type of rooms available in the 
hotel, room rent, contact information etc. This kind of visualization will help the user to take a deci-
sion. Similarly, other multimedia elements such as pictures, video etc. were linked with the point 
symbols, which will help the user to better understand the surrounding environment. Sound can be 
used in SVG as a linkage to graphics e.g. the moment the user places his/her stylus on a symbol it 
pronounces the name of a place. It can be effective in the outdoor environment where the user has 
problem in reading the text. 
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    (a) Roads with single line         (b) Roads shown with width (double line) 

 

Figure 5.10 Different style of Road visualization   

 

                                   
 

Figure 5.11 Use of clickable features in the map using SVG  

A case is also considered where the user asked for the hotels, which are within a distance of 500 me-
tres from the users' position. In real case, users position would be determined based on GPS connected 
to the PDA device. Different visualizations are generated using SVG. In one visualization option the 
user is provided with the hotels, he queried, after removal of all irrelevant information. Then the user 
may be interested to know the shortest path to a particular hotel. A cartographic visualization is gen-
erated where the user gets the information along the route selected after removing the irrelevant in-
formation. This will help the user to not only focus but also solve the problem of file size. 
For the same query different kinds of visualizations are created. Here, based on user query, the hotel 
objects get highlighted while other gets fainted. The derived graphic variable transparency is used. 
The effectiveness of these different visualization techniques is observed by user testing.  
The overview map (Figure 5.9 b) at a scale of 1:15000 is generated where the user get an idea of over-
all route to the destination. At a scale of 1:15000 the minor roads are not shown and other irrelevant 
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information is also removed. The user’s position is shown with the asterisk symbol and shortest route 
in purple colour and direction in yellow colour arrows. 
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Figure 5.12 Route description at two different scales 

 

 
 

Figure 5.13 Map visualization using local language 

 
Human way finding techniques are based on the identification of landmarks. Thus the landmarks are 
provided along the route to ease the navigation process. The POI such as buildings, junctions, railway 
crossings etc. can be used during way finding in the absence of landmarks as such in the area. 
The usage of landmarks is implemented in the map for improving the user's orientation and therefore 
his guiding. All the landmarks used are passive landmarks while a concept of active landmarks can be 
used where the buildings send the signal, using e.g. blue tooth technology, to the user when he is ap-
proaching that particular building thus improving the routing. 
The user may be moving in a city during night. Visibility is less during the night thus at that time the 
landmarks or some buildings may not be clearly visible that are important for navigation. There we 
can use the concept of active landmarks as discussed above.  
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The mobile devices will be used in outdoor environment so it is necessary to see whether the colours 
in the designed map are visible in the sunlight or not. ArcMap document was exported to ArcPAD and 
by taking this in the PDA, it was tested in the sunlight for the colours, visibility etc. during the user 
testing session it was observed that there is not much problem in the bright sunlight. The map can be 
adapted to different day timing to increase the usefulness using the adaptation concept proposed by 
(Reichenbacher, 2004). Contrast between different features was tested in the sunlight during user test-
ing session. 
The user travelling in the city may be interested to use the map services in his/her own language. 
Visualization can be generated where the user will get map in local language he prefer to use as 
shown in the Figure 5.13. Here the user is interested to view the map in Punjabi language instead of 
English. This can be done in SVG by calling java script file when the user clicks on the icon ‘Pun-
jabi’. Conceptually he should have an icon for changing the language and the visualization can be 
changed in SVG using java script.  
 
The north is not provided in the map though this is important auxiliary item in case of paper and digi-
tal maps. It does not mean that it is not important in case of mobile maps. The concept is that when 
the user is travelling in urban area he is moving in the narrow streets surrounded by the buildings and 
can thus orientate himself using the landmarks and buildings. So the landmark based way finding is 
proposed in this research. Further the user does not want to rotate the device to orientate the map with 
respect to surroundings. The map can be rotated automatically as PDA is connected to GPS always in 
the Location Based Services so that the need to rotate the device can be avoided. 
During this chapter, a range of cartographic visualizations and concepts were discussed based on the 
possibilities and limitations of map design.  
 

5.6. Conclusion 

Various visualizations were generated using the design principles and considering the limitations and 
possibilities of map design for mobile applications discussed in the chapter four, taking the use case - 
pedestrian tourist navigating in the city. Scalable Vector Graphics was explored in the design process. 
The visualizations generated and concept of multimedia etc used during the design process requires to 
be tested. To evaluate the effectiveness of designed mobile maps user testing was done in the labora-
tory and responses are analysed in the next chapter. 



 44 

6. Usability testing 

6.1. Introduction 

 
The cartographic visualization process is based on “How do I say What to Whom and is it effective”. 
The last part of the sentence is very important because if the communication is not effective means 
that it does not serves the intended purpose. To check the effectiveness of the designed map user test-
ing was done. Nivala et al (2003) states that there has been no research on usability evaluation of mo-
bile maps and they examined the usability issue concerning raster topographic maps in mobile de-
vices.  
Usability testing can be done either in a laboratory environment or in an authentic environment. In 
this research, the effectiveness of maps for mobile devices was tested in the laboratory environment 
due to constraint of research period for conducting the real testing. The laboratory environment is not 
real situation and that is the disadvantage. 
 

6.2. What is Usability? 

According to Shackel (1991, cited in Nivala et al., 2003), usability is “the capability in human func-
tional terms to be used easily and effectively by the specified range of users, given specific training 
and user support, to fulfil the specified range of tasks, within the specified range of environmental 
scenarios.” 
 
The ISO 9241 standard for ergonomic requirements for office work with visual display terminals 
(cited in Nivala et al., 2003) defines usability as “the effectiveness, efficiency, and satisfaction with 
specified users achieve specified goals in particular environment”. 
Effectiveness is a measure of whether or not users can complete a task accurately and completely. Ef-
ficiency looks at the amount of resources needed to complete the task effectively. Satisfaction is the 
user's feeling about the product.  
 

6.3. Usability Testing 

Usability testing has its roots in the field of usability engineering that is concerned with studying and 
designing ease of use into products. A major portion of usability engineering, and thus usability test-
ing, is the Human-Computer Interaction (HCI) "the study of how people interact with computer tech-
nology and how to make this interaction effective" (Battleson, 2001, cited in Url. 6.1). Nielsen (1993, 
cited in Nivala et al., 2003) discusses several methods for collecting usability data and these include 
observation, think aloud, questionnaires, interviews, focus groups, logging actual use, heuristic 
evaluation and user feedback. He states that there are many possible ways of combining these meth-
ods. Each method has some advantages and disadvantages.  
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Observation method: has advantage that it reveals users' real tasks in natural surroundings while it is 
Labor and time intensive method. 
 
Think aloud method: helps to pinpoints users' misconceptions and it is very efficient, while the dis-
advantage is that it is unnatural for users. 
 
Focus group: helps to collect spontaneous reactions and group dynamics while it is hard to analyze 
and it has low validity 
 
Questionnaires method: The biggest single advantage is that a usability questionnaire gives you 
feedback from the point of view of the user and it helps to find the subjective user preferences and 
good for getting opinions or perceptions. However the questionnaire method has low validity (Url 
6.2). 

6.4. Test method 

Questionnaires are relatively quick and easy to create, code and interpret. In addition, the respondent 
– not the researcher- does the time consuming part of completing the questionnaire. A questionnaire is 
easy to standardise thus make it very reliable method of research. However this method has low valid-
ity because the user may misinterpret the question. To enhance the validity researcher was present 
with the user and explain the questions wherever the user has difficulty in understanding. The ques-
tionnaire used in the user testing is attached in Appendix I.  
 
A questionnaire is a list of questions that can be completed in two ways. In the first case, respondents 
could be asked to complete the questionnaire in the absence of the researcher. While in the second 
case respondents could be asked to complete the questionnaire in the presence of the researcher. The 
latter one is used in this research to enhance the validity of results.  
Questionnaires are restricted to three basic types of questions: 
A closed-ended question is a question for which a researcher provides a suitable list of possible re-
sponses (e.g. Yes / No). This produces mainly quantitative data. 
An open-ended question is a question where the researcher does not provide the respondent with a set 
of possible answers from which to choose. Rather, the respondent is asked to answer “in his or her 
own words". This produces mainly qualitative data. 
Graded response questions designed to know the degrees of magnitude in their answers. These are 
called attitude statement questions. 
The questionnaire contains combination of all these questions designed to know the effectiveness of 
the maps.   
The test users were asked to fill the questionnaire in the laboratory after interacting with the map de-
signed on the simulated PDA. Briefing about the purpose of map designed was given to users before 
the task. It was explained to the users that map is designed for the PDA device targeting the tourist 
navigating in the unknown city (in this case Dehra Dun). It was described that in real time the users 
position would be determined automatically using the GPS connected to the device and was told to the 
users that while answering the questions you should think yourself as PDA user seeking location 
based services.  
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6.5. Test users 

Users of Mobile devices belong to different strata of the society so the test users were selected from 
different backgrounds as much as possible in limited time. The users were researchers, faculties of 
IIRS, employees of Digital Cartographic Centre, Survey of India, and normal users who are ac-
quainted with mobile devices. Total number of test users turned up was 10 out of 25. Users were aged 
between 26 and 42 years and 9 out of 10 users were acquainted with the mobile devices.  

6.6. Results 

 
Background Colour and Contrast 
Questions were asked related to the contrast between the features in outdoor (under sunlight) envi-
ronment using the PDA device. About 80 % of users were in favour that background is not hindering 
the legibility of foreground. However some users suggested that more contrast in the background 
would enhance the appearance. While maximum users were of the view that contrast and colours are 
satisfactory in the sunlight using the PDA device.  
 
Map Symbols 
The symbology used in the maps was the most problematic theme. Half of the users totally agreed and 
responded that the size of symbols was ok, while 40 % of the users only partially agreed. Around 70% 
responded that they partially agreed that the symbols are expressive. Most of the users commented 
that all the symbols are not expressive and they are unable to relate it to the real world. Complaints 
included the need for more appropriate symbology to aid orientation. 
For hotel, a symbol of a person on bed was used. Many users misunderstood it as hospital though hos-
pital was given a Red Cross sign, which is an international standard. Few users commented that if 
there were pop-up legends it would be more helpful.  
 
Users were asked about what kind of symbols were more expressive in their view. The majority of the 
users commented that you should try to use more familiar symbols, which are easily recognizable to 
the user e.g. for cinema theatre a symbol of negative film can be used. Some users suggested that we 
should try to use pure symbols i.e. without text in the symbols. Symbols with text inside are not read-
able like the ATM symbol.  
 
Symbols were the major issue while reading the map. To overcome the legend and legibility problems 
of symbols some extra information is provided and other questions were related to that.  
Users were asked if they want some extra information to recognize the symbols. Many test persons 
suggested that a legend could be used. 
 
Though the map is designed using pictographic symbols, still to know the user's view it was asked 
whether they prefer geometric symbols or pictographic. 90 % of the users prefer the pictographic 
symbols. 
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Interactivity 
The users were asked whether the symbols are inviting to click on them. There were varied reactions 
to this question. 50 % of the users said yes while 20 % partially agreed and about 30 % were neutral. 
A user commented that they would be more inviting if they were flickering on the screen. 
When the tool tip option was used, about 90 % of the users said that it is an effective approach and 
they like it. Some even suggested to use text along with symbols if the scale permits. Users find click-
able options with text, multimedia linkage as an effective tool. All test persons were of the view that 
restaurant menus, bus route timings, railway timings etc. should be linked to the objects and it should 
pop up when they click the appropriate symbol. 
 
Labelling 
Around 80 % totally agreed that text is readable and legible while 20 % partially agreed. About 80 % 
of the users totally agreed with the text style used. Overall, the text style and size used seems to be 
appropriate. 
 
All roads are not named and the users were asked whether the tool tip is ok where the road name is 
not provided. About 70 %, agreed that tool tip is sufficient. Maximum users commented that if the 
locality names should have been mentioned, it would have been more helpful for navigating. One user 
commented that some road names might be there at regular intervals because these are the main con-
trol points for tourists. 
 
Information content 
Users were asked to comment whether the information content is adequate or not. 50 % of the respon-
dents partially agreed and 30 % totally agreed that the information content at this scale is sufficient. 
50 % of the users were of the opinion that they require extra information while ‘zooming in’ while 30 
% partially agreed. 
 
One user commented that the authorised money exchange agents are lacking, because for foreign tour-
ist they are of utmost important because bank timings are limited. Few users suggested that directional 
information should also be incorporated along the roads such as a road going towards Mussouri or 
Haridawar.  
 
Users suggested that to reach the destination, if information regarding transport facilities along the 
route would be available then it would be an added advantage. Users require hyperlinking with the 
route and route directions in textual form along with map. Few users said that junction names must be 
provided such as Dilaram Chownk. The locality names along the route must be there because these 
will also help the user to navigate. Public facilities should be there as well.  
 
Functionalities 
Users asked about their view on static stepped zooming and dynamic zooming 60 % of the users pre-
ferred the former while 40 % the latter. 100 % of the users are in favour of the panning functionality. 
An identify tool was considered useful to reveal hidden information. One user commented that while 
panning also the identify tool should be highlighted. Maximum users asked for distance measuring 
tool.  
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Global vs. local maps 
In the laboratory, users identified the two different map scales used in the system – global (overview 
of entire route) and local (single route segment only) – with each having different level of detail, in-
tended to suit the map purpose. 70% of the users preferred to see the overview map before the local 
map to gain an overview of the entire route for early decision making tasks.  
 
Cartographic visualizations 
Based upon the user’s query visualization is generated as shown in Figure 5.9 and the test persons 
were asked about their effectiveness. 70 % totally agreed while 30 % partially agreed. 
User preferred the roads in single line instead of double line space. Overall, 80 % of the users said it 
is a pleasing map display while 10 % partially agreed or were neutral. 
 
Usefulness 
Users were asked whether the map is fulfilling the purpose or not and about 45% of the users totally 
agreed and the same number partially agreed that it could serve the purpose. On the average users 
were satisfied. 
 
Users feel that three-dimensional visualization can be added advantage for mobile devices. Some of 
the users were of the view that residential, commercial features can enhance the visualization and 
navigation process. Users suggested to incorporate information like money exchange agents, major 
tour and travel agencies, taxi stands in the map. 
  

6.7. Conclusion 

The map is designed using the design principles and considering the limitations and possibilities of 
map design for mobile applications taking use case pedestrian tourist navigating in the city. Later the 
cartographic visualizations and concepts used were tested with ten test persons. On the basis of the 
results of this usability testing design recommendations are given in the next chapter, which can be 
considered while dealing with designing maps for mobile applications. 
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7. Conclusions and recommendations 

7.1. Summary 

The objective of the research was to investigate the limitations and possibilities of map design for 
mobile applications resulting in design recommendations. Considering cartographic design principles, 
limitations and possibilities of map design for mobile applications, as discussed in chapter 4, a map 
was designed for a use case – a pedestrian tourist navigating in an unknown city - in chapter 5. Differ-
ent visualizations were generated in SVG and various concepts have been given. Effectiveness of 
these cartographic visualizations was tested with test persons. The visualization concepts were tested 
on a simulated PDA on the desktop in a laboratory environment. As the objective of the research was 
to give design recommendations so after analysing the user responses the following recommendations 
are being proposed for the mobile application maps. 
 
In chapter one, the background to the work and problem was defined. The technological development 
in the field of mobile computing is significant and more and more research is directed to mobile usage 
of geographic information. Numerous problems are yet to be solved and many gaps are to be bridged 
when it comes to developing solutions for a mobile context. The problem is that the cartographic 
visualization for small displays is not satisfactory yet. This research problem was considered for the 
research work and an objective was fixed to solve this problem. During the research, steps were fol-
lowed based on the research questions formulated to achieve the objective. In the second chapter the 
existing cartographic visualization approaches for small display devices were reviewed and it was 
found that most of the approaches are technology driven and have neglected the theoretical carto-
graphic visualization aspects. Most of the existing projects have used raster maps, which are meant for 
other media of display, e.g. paper. These maps are not suitable for small displays. It was discussed 
that few studies have used vector maps but that these are cluttered and not legible for small displays. 
 
The third chapter discussed the need of maps in mobile applications and what role they play in these 
kind of applications. Chapter four discusses the map and Web map design principles and deals with 
the applicability of common map design principles in mobile applications. It may be concluded that 
the applicability of common map design principles will remain, irrespective of the display medium. 
This chapter also describes the map design process and stages that will lead to functional design. The 
basic principles such as legibility, visual contrast, figure-ground organization, hierarchical organiza-
tion and visual variables are applicable in mobile applications. Considerable developments have taken 
place in the dissemination of maps via the (mobile) Web. The web maps where give the accessibility 
and actuality, the mobile maps have provided the mobility along with accessibility and actuality. The 
mobile maps have combined the possibilities of paper maps and Web maps. The maps now act as an 
interface to other information. The Web environment has given new graphic variables such as blur, 
focus, shadow, and transparency along with the six visual variables of Bertin and opportunities such 
as mouseovers, clickables, animation, multimedia and sound.  
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Further in the chapter, the limitations of map design for mobile applications were discussed.  The mo-
bile applications are having lots of limitations such as small screen size, limited resolution, low colour 
range, limited input opportunities, slow connectedness, limited storage, restricted processing power, 
restricted output capabilities. Most of the technical limitations of mobile devices such as lack of proc-
essing power, low colour range, slow connectedness, limited storage and less bandwidth, are improv-
ing at a very fast pace with the advancement in technology but few limitations still last and will re-
main to do so even in the future (such as the display size of the devices). Due to the small display size 
there is no place for auxiliary items such as a legend etc., which makes the map reading process diffi-
cult. Due to small displays we cannot put much information in the map. The other problems are legi-
bility of text and symbols without legend.   
 
The design possibilities were explored considering the display size as major constraint for the carto-
graphic presentation. Various possibilities such as static steeped zooming, dynamic zooming and pan-
ning were discussed to solve the problem of information content that we can present in the mobile 
devices. Due to the absence of a legend pictographic symbols were used and designed in such a way 
that they are self-explanatory. To overcome the limitations of small displays, various possibilities 
such as tool tips, clickables, mouseovers, multimedia, sound and use of vector graphics were dis-
cussed. Various cartographic visualization possibilities have been discussed considering the different 
scenarios of the use case. 
 
Considering limitations and possibilities a map was designed in ArcGIS and it was exported to SVG. 
The most common size of PDA's, i.e. 240 x 320 pixels was considered for this research. For the pur-
pose of map design, a PDA was simulated on the desktop computer. The map design process was fol-
lowed considering the sentence “How do I say What to Whom, and is it Effective”. Geographic data 
was selected considering the use case - pedestrian tourist navigation. In view of common map design 
principles and Bertin's visual variables and the new possibilities discussed in Chapter four, the map 
symbology and map as a whole were designed. Possibilities such as tool tips, clickables, multimedia 
linkages etc. were explored in SVG. The visualizations generated using the concepts were needed to 
be tested thus usability testing was done based on the questionnaire method in a laboratory environ-
ment. Based on the user testing, design recommendations were given which can be taken into consid-
eration for designing maps for mobile applications. The minimum sizes of point and line were pro-
posed as 0.75 mm and 0.25 mm respectively and sizes of the symbols ranging from 25 – 28 pixels. For 
labelling the maps on mobile devices, fonts such as Arial and Verdana of the size 8 –10 points in 
black colour were suggested. 
 

7.2. Design recommendations 

 
• Label key points on the map for better understanding of the real world e.g. clock tower, major 

roads, junctions, locality names etc. 
• Provide the user with different levels of detail maps to get the overview and detailed view e.g. 

through zoom in, zoom out. 
• Use light colour such as grey for the background of maps in mobile applications. 
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• Landmarks should be provided to aid the orientation of the user. 
• Incorporate textual directions along the roads e.g. showing that a road is going to Mussouri, 

Saharnpur, etc. 
• Minimum point symbol size proposed is 0.75 mm that is legible on mobile devices. 
• Minimum width of 0.25 mm is proposed for linear features such as roads. 
• Symbol sizes ranging from 25-28 pixels are suggested for good legibility from a distance of 

25 cm. 
• Simple and special symbols need to be designed for mobile applications after studying the 

people’s conception of understanding different symbols.  
• Pure symbols should be used. The symbols with inside text should be avoided as they are not 

legible and the user has to pay much attention to understand the symbol. 
• Symbols should be raised or be made attractive, to attract the user to click on them for getting 

more information (hyper-linked with other information). 
• The symbols need to be designed after studying the local culture and perception of people to 

understand the real world. Different symbologies for local and international tourists can be 
thought of. The adaptation option can be helpful because it will adapt the symbols as per the 
user’s profile. 

• Tool tip information can be used to increase the understanding of symbols and features. 
• A legend can be provided as pop-up by assigning it a key or in the tool bar where the user can 

view it if needed. 
• For mobile applications one can choose e.g. Arial or Verdana etc. These fonts are easy to read 

and well suited for electronic screens. A black colour with a size of 8-10 points is suggested 
to be used for good legibility.  

• Text elements and symbols should be scale-less. 
• Use hyper-linking to route to show extra information such as information regarding transport 

facilities available to reach the destination. 
• Sound multimedia and pictures can be used to make the representation more effective. 
• Incorporate real time data and dynamism into the map, e.g. menu of restaurants, bus timings 

etc.   
 

7.3. Future work 

The cartographic visualizations generated in the research were tested in a laboratory environment. 
Further testing needs to be done in the authentic environment with a full-fledged running application. 
As, nowadays, the users are demanding and everyone needs personalized services, concepts such as 
adaptation, as proposed by certain authors need to be tested in real-time. SVG has a great potential as 
far as mobile cartography is concerned and different visualizations need to be explored by real time 
data query from the server. There is sufficient scope of further research as far as the field of mobile 
cartography is concerned. Technical issues such as file size, file formats, accuracy of databases, posi-
tioning accuracy, and interoperability are some of them. Real-time generation of cartographic visuali-
zation can be explored using SVG with linkages such as java script etc. Further investigations and 
testing especially in real nature are necessary while assessing how useful a specific cartographic ap-
plication is to the user and user behaviour in everyday life.  
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The symbology is very important in map design. Simple and special symbols need to design for dif-
ferent kinds of users. Thorough study needs to be done before selecting the symbols. Orientation is-
sues such as north indications etc., need to be tested in a real environment. In addition, multimedia 
effects also require to be tested in a real time environment, considering real users. 
As the usability testing is done in the lab environment so it’s not possible to see whether the user can 
really complete the task. It is suggested to test the maps in real environment to see their effectiveness. 
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Appendix A: Questionnaire for User 
testing 

I am doing my M.Sc in Geoinformatics and my research work is aiming towards effective map design 
for mobile applications. The use case for the study is a pedestrian tourist in the unknown city looking 
for information of his interest. To evaluate the effectiveness of maps I have arranged user testing and 
for that I have framed a questionnaire.  I am expecting that I will be definitely benefited with your 
valuable comments and suggestions. So I request you to find some time and fill it up.  
While attempting these questions, you should think yourself as mobile/PDA user. 
Please feel free to give comments and suggestions for improvement in writing if any. 
 
****************************************************************** 
User Name:  ………………………………………… 
Age:              ………………………………………… 
Background: ………………………………………… 
Profession:   ………………………………………… 
Familiar with PDA device:     yes      No 
 
****************************************************************** 
 
1. What information you get from map below? 
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……………………………………………………………………………………………………………
………………………………………… 
 
 
2. Purpose of the map is pedestrian tourist navigation. Is it fulfilling that? 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
Mention:………………………………………………………………………………….. 
 
3. Is the background colour hindering the legibility of foreground objects?  
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
4. Contrast between features is satisfactory in indoor and sunlight? (Using PDA device) 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
If not please give suggestions…………………………………………………………… 
 
 
 
5. Colour of features is visible in sunlight. (Using PDA device) 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
6. Can you make out from line, point, and area what they represent? 
 
             Yes                                                                                          No 
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Please tell which type of features are shown in the 
map…………………………………………………… 
 
   
7. Is the size of symbol’s ok? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
…………………………………………………………………………………………. 
…………………………………………………………………………………………. 
8 Are the symbology and feature types are easily understood? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
Please mention problem in 
words:……………………………………………………………………………………………………
……………………………………………………………………………….. 
 
9. Can you recognize the map symbols easily?  
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
10. Symbols are expressive (can you relate it with real world)? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
 
11. If not then what type of symbols can be used? If possible draw a rough sketch. 
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12 Colour of the symbols is satisfactory. 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
Please mention your 
views……………………………………………………………………………………………………
………………………………………………………………………………. 
 
 
13. Some extra information is required to recognize the symbols? 
 
Mention your suggestions………………………………………………………………….. 
 
14. Are the symbols inviting the user to click on them? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
 
15. Will this extra information such as clickables, tooltip helpful to the user in better understanding? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
16. Text on main road and other places in the map is legible, readable?  
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
Please Justify: ………………………………………………………………………… 
 
17 Do you require name of all the roads to be displayed or tool tip is satisfactory? 
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Yes  
 
No 
Please mention 
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
 
18. Do you like the text style? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
 
19. Amount of information content is adequate?  
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
20. Do you require extra information while zoom in? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
21 which one you prefer and why? 
 
Static Zooming 
 
Dynamic Zooming 
 
22. Panning function is required. 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
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23. Overall view of the route is required to understand it better? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
24. Is there any extra information required along the route to reach the destination? 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
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……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………… 
 
25. Which of the following is more expressive? …………………………………………. 
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(A)            (B) 
 
 
26. Consider a case where you fire a query to the system and ask for all the hotels within a distance of 
500 metres. The visualization for this would be like given below showing hotels within a specific dis-
tance with fading out other landmarks/symbols. Is it effective? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
27. Is it a pleasing map display? 
 
?  Totally agree       
?  Partially agree              
?  Neither agree nor disagree            
?  Partially Disagree            
?  Totally disagree 
 
 
Please also give justification for your re-
ply………………………………………………………………………………….. 
 
28 What are the deficiencies of the maps? 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………… 
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29 Is it effective map design? 
 
What other features and functionalities do you like to have in these kind of maps? 
 
 
Please men-
tion………………………………………………………………………………………………………
…………………………………………………………………………… 
 
 
 
30. Any further suggestions/ comments or possibility you see for the improvement of the visualization 
on small display devices. 
 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
………………………………………… 
 

Thanks a lot for your participation! 
 




