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Abstract. Maps have traditionally been used to support orientation and 
navigation. Navigation systems shift the focus from printed maps to interactive 
systems. The key goal of navigation systems is to simplify specific tasks, e.g. 
route planning or route following. While users of navigation systems need less 
skills in navigation specific activities, e.g. reading maps or manual route 
planning, they must now interact with the user interface of the navigation 
device, which requires a different set of skills. Current navigation systems aim 
to simplify the interaction by providing interfaces that use basic interaction 
mechanisms (e.g. button based interfaces on a touch-screen), exploiting the fact 
that many users are already familiar with such techniques. In the presentation of 
the information most navigation systems employ map-like displays, possibly 
combined with additional information, again to exploit familiarity. While such 
an approach can help with early adoption, it can also limit usefulness and 
usability. There is, however, a large opportunity to improve input, output and 
functionality of navigation systems. In this paper we expand a model of 
classical map based communication to identify possibilities where “dynamic 
maps” can enhance map based communication in navigation systems. We report 
on how an agile design exploration process was applied to examine the design 
space spanned by the new model and to develop system probes. We discuss the 
user feedback and its implications for future interface concepts for navigation 
systems. 

1   Motivation 

Navigation in unfamiliar environments is a common task for many users in a variety 
of contexts. With the availability of low-cost positioning technologies like GPS the 
implementation of navigation systems as a commodity item for large users groups has 
become viable. The market for so called personal navigation devices (PNDs) has 
experienced a rapid growth in recent years. Until about 2001 the only example of 
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navigation systems aimed at non-expert users was the automotive navigation market 
which was dominated by embedded navigation systems. Since then portable PNDs 
have taken over a large percentage of that market. While marketed as personal 
devices that are “portable” and suitable for “hand-held” use, the current generation of 
PNDs is designed specifically for in-car use on the road network. Efforts to address 
the specific requirements of pedestrians, cyclists, bikers or off-road navigation have 
been limited so far. While there is a lot of variety in the details of the interaction 
mechanisms and presentation styles most PND systems use a common design, 
employing a touch screen (and sometimes speech recognition) for input and a 2D map 
or 2.5D perspective map view combined with audio output to convey guidance 
information. With increasing competition developers are currently looking at a variety 
of innovations to distinguish their products from the competition. Typical examples 
include the use of wide-screen displays, the use of textured 3D models in the 
visualization or the integration with on-line services to provide “intelligent” routing. 
While many of these new features are effective from a marketing perspective they add 
little to the usability of the systems, as experience reports of users show. 

Developers of novel approaches to the navigation problem face a complex design 
problem. While significant experience has been gathered in the domain of car 
navigation there is a lack of knowledge about the requirements of users in other usage 
contexts. Developers and designers often restrict themselves to established 
technologies that may not be optimal for other usage contexts. This is even more true 
for end-users who may participate in a design process. While end-users can provide 
valuable information about their usage goals and the context of use they are typically 
not able to provide novel design ideas, especially for concepts that differ significantly 
from established standards. To address these shortcomings requires to develop a  
better and more detailed understanding of the navigation requirements of users in a 
variety of usage situations, to explore possible implementation approaches without 
limiting the technology selection to currently available standard technologies and to 
produce alternative design solutions that are not limited to the emulation and 
automation of previous technologies.  

2   Approach 

To explore the design space of novel navigation systems we have pursued an 
approach that builds on a classical model for cartographic communication, to identify 
possible modifications and additions enabled by interactive systems. This provides a 
foundation for the systematic identification of design options. In a combined design 
and user study we have applied an agile prototyping process to explore the resulting 
design space and to establish user requirements for a variety of non-standard 
navigation applications. Following a user-centred participatory design process 
prototypes of possible user interface concepts for the domains of pedestrian 
navigation and on/off road car navigation were developed.  

The initial stage of the project was conducted as a user study of current navigation 
systems and approaches to navigation. The findings showed that users are still easily 
frustrated with the available user interfaces even when using current best in class 
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devices. We also found that users rate many of the current innovations lower after 
practical experience than in a pre-use interviews.  

In the second stage of the project an agile iterative process was used to prototype 
and evaluate novel user interface concepts for different use scenarios. Several 
promising designs were refined into system probes that are suitable for real-world 
evaluation, providing practical feedback on usability and user preferences with novel 
user interface paradigms. The results indicate that there is a large opportunity to 
provide users of navigation systems with improved experiences if developers are 
willing to modify systems significantly compared to current navigation systems. 

3   A Communication Model for Dynamic Maps 

The primary function of maps is communication of information in a spatial context. 
Communication refers to the exchange of information between a source and a 
destination through a common system of signs and symbols. While the ultimate goal 
of communication is usually the exchange of information between persons, 
communication is affected through the use of intermediary media. In the case of 
conventional printed maps for navigation purposes the ultimate intention of the user 
(destination) is not known at the time of production. Thus, when cartographers 
(source) prepare the map they have to include all information that is potentially 
required in a number of different usage situations. Since this information must be 
graphically encoded (signs) on a limited surface a careful balance is required to avoid 
a cluttered presentation while still including all necessary information. The 
information used in the preparation of a map must be acquired from the real spatial 
environment.  

physical
environment

raw
data model map

User  

Fig. 1. Cartographic communication model 

Figure 1 shows a communication model that captures the information processing 
stages when preparing and using paper maps. Information from the physical 
environment is captured (measured). The resulting raw data is then processed 
(simplified, unified) into a model that captures the essential spatial information. In the 
next stage the map is produced as a static graphical representation of the information 
in the model. Finally, during use at a later time the user has to read and interpret the 
printed map to extract relevant information and to apply it in his current context.  

The move from static printed maps to dynamic interactive systems can improve 
communication by making the mapping process from real world environment to the 
perceivable presentation dynamic. Such a dynamic “map” can respond at run-time to 
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changes in the environment and data as well as to user interaction. Figure 2 illustrates 
how the communication model can be extended to cover these dynamic aspects.   

1
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(web-mapping, nav.-systems)

3 model interaction
(e.g. GIS)

4 data interaction
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5 physical interaction
(e.g. tangible user interfaces)

6 direct perception of real environment
(e.g. augmented reality)
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Fig. 2. Extended cartographic communication model for dynamic maps 

1. The first extension of the model addresses the fact that dynamic maps are in fact 
multi-media systems. In addition to static 2D visual content other modalities can be 
employed. E.g. 3D graphics can be used, the display can be animated and visual 
output can be complemented by other modalities, such as audio output. The fact 
that the content can be selectively adapted to the user requirements at run-time 
makes it possible to use richer and more elaborate visual presentations that may be 
easier to interpret or at least more attractive for users. In printed maps the static 
presentation has to optimized for the uncluttered presentation of a maximum of 
information that may not even be required at the time of use. Because the 
information in dynamic maps can be limited to what is actually required in a given 
situation, more band-width (e.g. screen area) can be used to display this 
information. Typical examples of this extension in current navigation systems can 
be found in the use of  animated 3D views or audio output.  

A central difference between dynamic and static maps is the possibility to interact 
with the system and influence its presentation and content. Extensions 2-5 address the 
possibilities enables by such interaction.  

2. The most simple extension is interaction that changes the map presentation. In such 
a system the production of the model from real world data can still be a static 
process. The interaction influences only the generation of the media output (e.g. 
the map image) from the model. This interaction could be selection of the content 
coverage (area), selection of themes (which information to display), adjusting the 
scale of the display (zoom) and presentation style (e.g. choosing different color 
schemes for night driving). Examples in navigation systems include pan and zoom 
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interaction, the selection of poi (points of interest) themes or switching between 
map and satellite image views. 

3. More complex is interaction that involves modification or extension of the model 
itself. These changes can be as simple as annotation of locations with text or 
images (e.g. the push-pins in google maps) or involve complex changes of data in 
the model, e.g. to record changes in the environment (as typical functions of GIS 
systems). Traditionally, changes to the model were the domain of specialized 
digital mapping companies. However, with developments like openstreetmap.org 
the ability to effect such changes becomes more widespread. Use in navigation 
systems at this point in time is still very limited, though some new navigation 
systems include functionality for basic extensions of the model through the 
definition of personal poi’s or the annotation of changes in the road-network. 

4. Even more involved are changes to the acquisition of raw data at run-time, e.g. by 
configuring sensor settings. A central challenge for systems that aim to pursue such 
an approach is that the processing of the raw data into a model must be completely 
automated. In general the acquisition of raw data can be achieved through arbitrary 
sensors systems. A typical example for such an interaction is setting the controls of 
a weather-radar or air/space-borne sensor. In navigation systems the incorporation 
of real-time raw data has seen only limited use so far. Navigation systems that 
incorporation current traffic data from a variety of sensors are an example, where a 
limited real-time data set is integrated.  

5. In addition to interaction with stages of the data processing pipeline users  can 
interact directly with the real environment. In a real-time system the resulting 
changes can impact the whole processing/display pipeline. Tangible user interfaces 
are an example for such an approach, where the manipulation of physical objects is 
used to control a software system [7]. Direct interaction with a real environment is 
used only in a very limited sense in current navigation systems. The change of the 
user’s location (as tracked by a GPS receiver) constitutes an interaction in the real 
environment and is typically used to adapt the presentation content in most 
navigation systems. The sensing of other context parameters could potentially be 
useful for automatic adaptation of the presentation content and style to the users 
current context.  

A common characteristic of all extensions is that the ultimate presentation is still 
completely determined by the model (which may incorporate real-time sensor data). 
However, dynamic maps can also incorporate the real environment directly: 

6. Direct integration of the real environment means that the presentation generated 
from the model is integrated in a coherent way with the perception of the real 
environment. Typical approaches are mixed-reality and augmented-reality systems 
[1], where computer graphics objects are integrated into the view of the user. 
Several experimental navigation systems employ augmented-reality views, where 
the guidance information is realized as a graphical overlay on the environment, 
alleviating the perceptual effort of a context switch between the use of the 
navigation device and the actual navigation tasks, e.g. driving a car.  

As can be seen from the examples, the use of features from extension (1) and (2) are 
quite common in current navigation devices, while the possibilities enabled by 
extensions (3)-(6) are just beginning to be explored. Furthermore, a wide variety of 
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control mechanisms are available to effect the interactions, opening up a further 
design dimension that is orthogonal to the model. The extended model assists with the 
design of future interactive navigation systems by indicating possible modifications 
and additions. The following sections describe how an exploratory study of this 
design space was conducted for several non-standard navigation applications.  

4   Agile Design Exploration Process 

The initial stage of the design exploration was conducted as a user study of current 
navigation systems and approaches to navigation, specifically car-navigation, inner-
city pedestrian navigation and off-road driving. The findings showed that users are 
still easily frustrated with the available user interfaces even when using current best in 
class devices. We also found that users rate many innovations in current PNDs like 
“intelligent routes” or “3D views” lower after practical experience than in a pre-use 
interviews. One problem that became obvious in the initial user study is that while 
end-users can provide valuable information and are essential in the evaluation of 
existing approaches, they are typically not able to contribute to the generation of 
novel design ideas, especially not for concepts that differ significantly from 
established standards. In the second stage we therefore focused our effort on the 
generation of testable prototypes for novel navigation systems. Several promising 
designs were refined into system probes that are suitable for evaluation with real 
users, providing practical feedback on usability and user preferences with novel user 
interface paradigms such as the use of dynamic maps and augmented reality output. 

The key principle behind the agile exploration process is to iteratively develop 
refinements of a system in rapid succession, as advocated by agile software 
engineering practices like scrum [6]. These prototypes are then used to evaluate the 
system with users. The results guide the refinement in the next iteration. In general, 
development starts with a rough approximation and then proceeds towards 
components that are increasingly refined. Scrum is a popular agile process in which 
development activities are organized into short 30 day iterations, called sprints. Each 
sprint starts with a planning meeting in which the functionality to be developed is 
selected from the product backlog, a flexible requirements repository that evolves 
with the product. In the beginning it only contains high-level requirements and its 
content gets more and more precise with each sprint. The scrum team and its manager 
– the scrum master – meet in short, daily meetings, called daily scrum, to report 
progress, impediments and further proceedings. Every sprint ends with a sprint 
review, where the current product increment is demonstrated to project stakeholders. 
The flexibility of scrum allows to integrate user centered design activities and to 
address technology constraints and is therefore well suited for our purposes.  

Figure 3 illustrates the agile exploration process. The key extension to the software 
focused scrum process is the application of the same organization principle to user 
centred design activities [3] and the inclusion of an extended design exploration phase 
prior to actual development. The initial design exploration is conducted in the 
iteration on the left of figure 3. Once a promising design has been identified the 
implementation proceeds in a scrum based software development process, shown in  
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Fig. 3. Extended scrum process with added exploration phase (left) 

the iteration on the right of figure 3. The initial exploration phase is organized 
according to scrum principles, but focuses on the exploration of the available design 
space from the functional, interface and hardware perspective. Central to this 
exploration is the generation of potential design alternatives, which can be guided by 
the dynamic maps communication model. A central difference between the 
exploration phase and usual scrum activities is the use of non-code based design 
representations like paper prototypes and mock-ups that are quick and cheap to 
generate and can be discarded without a high cost penalty. A detailed description of 
the extended scrum process to incorporate design exploration and user-centred 
activities during the implementation phase is published in [4]. 

5   Prototypes 

One specific navigation problem is the navigation of pedestrians in inner-city 
environments. Much recent research in pedestrian guidance has addressed the 
communication of routes and the associated wayfinding instructions. However, most 
currently available commercial systems that claim to support pedestrian navigation 
are simply adaptations of existing car navigation systems. Research has shown that 
the requirements of pedestrians are very distinct from users of a car navigation 
system. The integration of landmarks into routing instructions is essential for effective 
pedestrian navigation [5] and a number of experiments have already been conducted 
to examine various forms of information presentation. In several prototypes and a 
number of user test we have examined landmark and route visualization styles [2], 
ranging from classical maps over route descriptions to stories that are designed to give 
a memorable account of a path. One focus in the PedNav project is the study of 
different visual representations for pedestrian navigation. In particular we have 
developed prototypes that use concrete representation of landmarks (photographic 
images of landmark buildings at decision points along the way) and compared them to 



176 V. Paelke and K. Nebe 

abstract visualizations (using non-photorealistic rendering of 3D geometry models of 
landmarks embedded in a 3D city model) and the use of augmented reality 
visualizations (that incorporate visual path indications directly into the field of view 
of the user). Figure 4 shows examples of the different presentation styles.  

 

Fig. 4. Exemplary dynamic map presentation styles for pedestrian navigation (augmented map, 
3D world viewer, augmented reality view) 

Depending on the actual context of use the presentations have quite distinct 
properties: The use of photorealistic images works well if the actual view is similar. 
Changes in lighting (e.g. use of the system by night) or a different season can severely 
affect the ability to recognize landmarks. Abstracted non-photorealistic models are 
not subject to this variability, but require a distinct geometry to be useful. No clear 
benefit of a 3D perspective view could be identified so far. Augmented reality views 
completely remove the need for landmark recognition but are subject to reservations 
due to the need to permanently interact with the display (either on a portable device, 
e.g. a PDA, or a head-mounted display) and the limitations of available positioning 
technologies. A clear benefit of dynamic map based systems is that they can support 
various presentation styles and can adapt to changes in context or user preferences. 

A second use case that we studied with a focus on the interaction aspect is off-road 
navigation. In some sense off-road navigation is similar to pedestrian: Movement is 
not bound to a well defined road-network and distinct street names or well defined 
decision points may be lacking. The central goal in off-road navigation is to reach a 
specific destination. The routing process is subject to obstacles that may (e.g. 
geographic obstacles) or may not be captured in an existing database (e.g. flooding). 
To address this problem the user must be able to specify additional constraints in the 
interaction with the system (e.g. to route around obstacles) and the display of 
guidance information must take the specifics of the environment into account (e.g. 
turn indications on tracks, course information in open environments).  

A key requirement that we addressed in our prototype is the need for different 
interaction mechanisms in different usage situations. A very precise interaction 
concept can be challenging while driving off-road, but would be suitable while 
standing and results in faster interaction when applicable. If the context changes  
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Fig. 5. Navigation test on-road (a) and off-road (b) with adapted visualization and interaction 
techniques 

frequently, a context adaptive interface offers potential benefits in comparison to non-
adaptive systems. Our prototype off-road navigation system (Figure 5) therefore 
supports different ways of entering data by switching input devices and also adapts the 
information display depending on context parameters. It was used in experiments to 
determine if users were able to follow the adaptation.  Our observations show a strong 
contrast in acceptance between adaptive information display and adaptive interaction 
mechanisms: Users did not like to change interaction mechanism, especially if this was 
enforced by the system. While users liked to have multiple mechanisms and devices to 
interact with the system, they were frequently irritated if they had not been notified by 
the system about the adaptation. The automatic adaptation of information display (e.g. 
on-road turn indication vs. off-road direction indication), on the other hand, was well 
accepted and easily understood by all test users. 

6   Conclusions 

In summary, a large opportunity exists to improve the usability of future navigation 
systems by improving input, output and functionality and adapting them better to 
users and the task at hand. A user-centred process is required to develop innovations 
in these domains that are of actual benefit to the user. In the work reported here we 
have applied an agile design process to explore the design space for navigation 
systems without limiting the process to established standard hardware platforms. 
Selected system probes were developed and tested to validate key assumptions and 
inform future design decisions. The results suggest interesting opportunities for the 
development of future navigation systems. 
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