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Abstract. This paper explores the usability requirements of a navigation system 
for older adults by identifying the key usability and ergonomic problems in ex-
isting navigation systems and proposing a set of new guidelines for designing 
such systems. We also discuss the design of a new Route Assisting and Com-
munication system for Elderly (RACE) in which design guidelines are incorpo-
rated. Our results are primarily obtained from a series of usability evaluations 
undertaken with the elderly. This paper also identifies a number of advance fea-
tures that a routing system should have for satisfying older adults on road. We 
suggest design implications for navigation systems based on our research and 
lay the path for future work. 

Keywords: Elderly, Navigation Systems, Usability, Design Guidelines, 
Communication. 

1   Introduction 

The advancements in mobile technology are known to all. An after effect of this has 
been the swift deployment of navigation aids built on top of mobile technology. Of 
course this progress and growth has also been rendered possible by the initiation of 
the Global Positioning System (GPS). Now, users have access to route information 
that lets them manoeuvre themselves with ease whether in their car, bike, or even just 
walking. Nearly all state-of-the-art mobile devices provide some navigation feature. 
With the proliferation of automobiles in our society, there is a certain need of assist-
ing these drivers with modern but easy to use navigation systems which not only help 
them in driving with ease but also at the same time ensure that their life is in safe 
hands [2], [10]. Therefore, a number of applications have been built to help in naviga-
tion for able and disabled people such as mentioned in [5]. 

Our research concentrates on filling an existing gap that exists in relation to pro-
viding senior citizens with user-friendly navigation systems. Senior citizens are 
known to be reluctant to accept hi tech systems and thus any navigation system built 
specifically for the elderly must cater their individual requirements. The elderly are 



 RACE: Towards Exploring the Design Dimensions of a Route Assisting 289 

known to be susceptible to confuse interaction with complex interfaces, navigation 
system being one of them. If they are distracted or occupied with the interaction, it 
can be hazardous to their life. The issues with GUI based navigation aids for general 
users have been contemplated elsewhere [4].  

Assistive Technology is the talk of the town in modern Human Computer Interac-
tion and our research is a step in its direction. Concerning navigation systems, most of 
the effort has concentrated on assisting blind and visually impaired users to walk [3, 
6]. Even so, there are several examples of map navigation and route finding concepts 
for pedestrians in general [1], [7] and more interestingly for the elderly walkers [8]. 
However, to the best of our knowledge not much has been written about navigation 
aids for the general elderly car driving user group. 

We argue for offering the elderly with car navigation aids that are specially tailored 
for them. The design of such systems must take into account that the elderly are faced 
with cognitive, sensory disabilities and general impairments occurring with age. The 
desirable features in a navigation system may not be the same for the young and the 
old. For example, the best route for the elderly might not be the shortest path but 
rather the route that has the least traffic [9]. 

2   User Research 

\In order to start off the user requirements gathering phase, we first conducted a series of 
informal interviews with the elderly. This was followed by a collective focus group 
discussion amongst the senior citizens. We summarize the findings from both sessions. 

2.1   Participants 

In total, we held interviews with seven users. Their average age was 72 years, ranging 
from 67 to 78 years old. Generally, the users were healthy and had no severe disabil-
ity. All of them had more than 20 years of driving experience and all of them had 
renewed their driving license. The entire pool of participants had a basic knowledge 
of navigation systems. Concerning the focus group session, six of the earlier men-
tioned seven users participated. Two researchers acted as facilitators in the session.  

2.2   Method 

Firstly, an informal interview session was conducted with every user individually and 
different questions related to their driving skills were asked. Questions addressed 
various aspects such as driving habits, driving and finding way in unknown/new 
places and experience with navigation systems with respect to general likes and dis-
likes. Secondly, the discussion in the focus group session revolved around almost 
identical aspects, with the main aim being to arrive at a consensus amongst the par-
ticipants. As a last supplementary task, we asked participants of the focus group to 
draw maps (including landmarks) of common travels. 

2.3   Results 

In this section, we summarize the results from both sessions of the user requirement-
gathering phase. It was revealed that the main medium of navigation employed by the 
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elderly was paper maps. Occasionally the spouse of the driver would act as a helper in 
the navigation process. When the elderly would be completely lost they would ask 
other commuters as a last resort. They were seemingly not entirely confident with 
manual navigation, as they would tend to avoid long trips on cars (especially between 
countries). This was precisely the reason why they highlighted the importance of 
improving the quality of city maps. For them maps of the city they lived in and of 
surrounding cities were the most important.  

As a part of the focus group, we also asked participants to draw the map of their 
favourite or most visited route on the paper in as much detail as possible.  Upon ana-
lyzing maps, it was observed that elderly extensively used landmarks for navigation 
aid and during discussion; they identified some important landmarks (e.g. station, 
hospital and church). Interestingly, many participants also drew the major speed limits 
on the edges of road, which shows the importance of such road signs to them. Few 
participants also drew the street names but interestingly they only drew the street 
names, which were either around the starting point or the destination.  

With regards to navigation systems they have used in past, the elderly pointed out 
that they are very complex for them to use and to make it for the first time is quite 
hard. They also pointed out the continuous voice as feedback was quite irritating. 
What they missed in the feedback was an affirmative signal that they were going in 
the right direction or doing the right thing [5]. One person said, “Twice I was stopped 
by control because I was driving below speed limit”. Similarly, another was quoted to 
say: “Over-speeding is no problem because I usually do not do such ventures anymore 
but driving slow is, so the system should tell me about this”. Most of the users were 
intimidated by the amount of information presented at one time on the screen, which 
hampered their user experience.  

3   User Evaluation 

As a step forward, we organized practical user evaluations within the setup of the cars 
owned by the elderly users. All our users had their own cars and all them were regular 
drivers.  

3.1   Participants 

Six participants took part in this interesting evaluation session. These were the same 
six participants who participated in the focus group session.  

3.2   Method 

A facilitator accompanied each participant as they set out to complete two tasks. A 
camera was installed at the back seat for recording. The task of the participant was to 
reach particular specified locations both with and without the use of a navigation 
system. It was ensured that the locations were never visited prior by the elderly. In the 
case of finding route using paper maps, participants were provided with a task book 
explaining their task. They were allowed to bring assistive material with them, this 
included maps and printouts. In the latter case, the navigation system that was used in 
the test was handed over to them a day before the actual test. There were given time 
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to explore the system. Almost all the elderly had used a navigation system in one way 
or the other but all of them had used different models of two companies. To achieve 
consistency, we selected one navigation system for all participants.  

3.3   Location/Test Route Features  

In order to maintain consistency the two routes chosen were carefully balanced. They 
had the following three features: 

• Equal left and right turns and roundabouts 
• Roughly equal checks on speed limits, priority junctions and specially common 

and high ranked landmarks 
• Three side by side turns in both routes 

It is arguable that both locations were not the same so results from paper maps condi-
tion can be different from the results of navigation system. But an important aspect to 
consider is that the focus of the study was not go at a detailed level of road structure 
(with all nodes and connections) but rather to ascertain what is missing in existing 
navigation systems. Moreover, our goal was to determine how the transition from 
paper to electronic maps could be ensured in safer and usable manner and at the same 
time reducing the learning curve to a minimum. 

3.4   Evaluation Goal  

Our evaluation aimed to answer several questions. Such as, how older adults use pa-
per maps and navigation systems. Secondly, what do they perceive as missing from 
navigation systems and thirdly, what are the usability problems of such systems.  

 

Fig. 1. Participant interacting with the system in his car 

4   Results 

In the situation when participants did not use the assistance of a navigation system, 
they were observed to carry out comprehensive pre-planning. Number of participants 
marked the paper map with different tags (left from here or taken a U-turn from 
church). Few participants also prepared a concise version of the map (using pen and 
small paper), where only the most important roads and name of interesting landmarks 
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were shown. They were easily consulting these sticky notes while driving and placed 
them on the top of the car steering. It was also observed that although the participants 
used text for comprehending and augmenting the paper maps but pictorial representa-
tion (signs, landmarks, turns) was extremely important to them, which is also clear 
from their hand drawn maps. Three participants brought very interesting maps with 
them where important attractions and landmarks were represented using big pictorial 
icons. These participants informed researchers that had such road maps for all big 
cities. These participants had a detailed city map with them as well. 

Interestingly, on average the participants spent more time on the road when they used 
the paper-based maps as compare to navigation system. On average participants spent 
17 minutes (21 minutes maximum and 15 minutes minimum) on road while using paper 
maps and 14 minutes on road while using navigation systems. Average time is the time 
spent on the road. Initial tasks related to the start-up of the navigation system and adding 
the destination address is not the part of this time. There were more wrong turns in the 
case of the navigation system but most of these were early turns (participants took early 
turn on the first street instead of the second one). The elderly were not able to judge the 
exact distance in meters (based on the speech instructions) and occasionally took a 
wrong turn sometimes without even looking at the screen. There were less wrong turns 
in the case of paper maps as elderly took time in deciding where to go and occasionally 
even stop their car for making sure the exact turn. 

Although overall people were satisfactory while using paper based maps and eve-
ryone was able to find the correct locations, we ascertained that there was an overall 
clear need for an automatic navigation system but with a tailored user interface design 
for the elderly. Elderly were quite optimistic about various features of the navigation 
system. They really liked the idea of saving their home address and just by pressing 
one button the system would start guiding them to home. They also appreciated in 
time instructions from the system such as to keep to their lane, advice about early 
turns, etc.  

However, the participants complained that using any existing navigation system 
was not entirely easy due to various reasons. In the coming sub-sections we will ex-
plain these usability problems in detail. 

4.1   Usability Problems with the Navigation System 

Once again, the issue of continuous feedback emerged. The elderly wanted to have 
feedback once they are on the right direction [3]. Another problem faced by the eld-
erly was the ambiguity in automatic calculation of the new route when they took a 
wrong turn. We realized that when elderly accidently took a wrong turn, the system 
calculated the new route started giving new instructions but did not explicitly inform 
the driver about what has occurred. This was extremely confusing and almost all 
drivers in way or the other reported this. One quote from the participant confirms their 
feeling: “I took a wrong turn and I would go back now but it is saying go ahead in-
stead of asking me to go back”? On the contrary, too much or unnecessary feedback 
can be misleading. One driver said while driving on a trunk road: “The system is 
telling me to do something after 1.5 KM when I am only going at 60 km p/h”. 
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4.2   Evaluation with Respect to Speech Interaction 

The participants liked the voice instruction but were also annoyed by the over excite-
ment of the narrator especially in the case of error. We observed that the elderly had a 
tendency to forget the list of instructions (go straight 200 meters, turn right and then 
immediate left etc.). The elderly demanded that there should be an option of repeating 
the previous instruction specially without focusing too much attention on the screen 
(probably using a speech instruction). They wanted to have a more mild and polite 
tone once they have done a mistake. One user said “The voice should reflect the situa-
tion in a friendly and sensible manner”. They also wanted to have an opportunity to 
change the voice (dialect and most importantly gender). Few of them showed interest 
in recording their own voice and thought that it would be much more trust worthy. 

4.3   GUI Interaction 

The evaluation of the general GUI interaction was quite stimulating. We can conclude 
that not all the displayed information is required or important for the elderly at a cer-
tain time. What would be beneficial is to support modes of information display (all, 
reduced, no), preferably by providing a zooming feature. Entering the point of interest 
(POI) was also a bit tricky for many drivers. They tried to enter the address in a typi-
cal manner (by writing it down all in one row with comma separation) without know-
ing the fact that system is asking for this information step by step.  

Almost all drivers and particularly all women repeatedly showed an interest in dis-
playing the landmarks on the calculated routes. They also said that these landmarks 
should be as specific as possible (e.g. churches, hospitals, stations etc.). These land-
marks ensure that they are on the right track. They also reported that landmark icons 
(such as hotels, café, etc) as displayed on the interface were indistinguishable. On 
paper maps, when they gaze at the final destination, they have a possibility to look at 
the surroundings and have complete glance of the route but they miss this overall 
view in typical navigation systems. Their main wish is to have a clean and simple 
screen design supported by on demand supplementary information such as surround-
ing areas or current path details. 

Sensitivity of the touch screen was sometimes a problem. It was over sensitive and a 
single touch or click was registered two or three times. If the system response was a bit 
slow then users would start tapping many times which disturbed the interaction. A ma-
jor drawback of the interaction was unclear initiation feedback. After entering the POI, 
elderly were not sure what to do. There was no clear feedback that everything was 
ready. The font size of the text was rather too small for most of our participants. Occa-
sionally they would grab the system out of the stand at the front dashboard. If they sys-
tem was brought forward, there was a threat of the device obscuring their view. When 
the system was placed further back, video recordings revealed that the elderly would 
gradually just rely on audio instructions and avoid glancing at the device.  

The glancing time was also dangerously increased for some participants when the 
system was installed a bit further. Almost all elderly complained about the position of 
the system on the windscreen. Majority of the participants said that installing the 
system on the windscreen was a bad idea as it disturbs their field of view (fov) but 
two of them said that they have no problem in installing system on the windscreen as 
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they can see both the system and the traffic outside. Almost all were agreed that sys-
tem should be installed between 60 to 80 degrees of the FOV. 

5   Design Implications 

Based on the results from the user research and user evaluation, early design guide-
lines of a navigation system are proposed, which explicitly focus on design problems 
faced by older adults. We also include the feature wish list proposed by elderly in 
these guidelines. We also briefly describe our implemented system. 

5.1   Design Guidelines  

The physical placement of the navigation device is a vital requirement. There should 
be an option of switching between a map or instruction based layout via a single click 
(text based instruction are every important for them when they have almost reached 
destination). There should be an option of switching between regular map and land-
mark-based map. In order to reduce the clutter on a map upon the navigation system, 
it would be advisable to use only famous, well-known and easily identifiable land-
marks. All additional information (battery life, GPS strength, time etc.) should be 
visible on demand. Street names should be announced when a driver is in the vicinity 
of his/her destination. The system should announce the exact location after reaching 
the destination (you have reach your destination “ABC” which is on your left side). 
Improved auto-fill functionality should be provided based on the previous history, in 
order to save effort and time on behalf of the elderly. Audio and visual information 
should be synchronized (keeping in mind the delay between hearing the audio instruc-
tion and looking at the screen). Enough information should be given about wrong 
turns and recalculating the route (Ask for “calculate new route or continue on the 
previous one”). The system’s speech (dialect and gender) should be customizable. The 
system should step by step guide elderly from beginning to end and should give suffi-
cient feedback once everything is ready. 

In the post evaluation focus group, elderly also identified some key features, which 
a modern navigation should have.  It should be an option of locating the closet emer-
gency response by either activating hard (physical) or soft buttons. The system should 
show (flash) and announce the major road signs. The system should keep track of 
their speed and inform them when they are over or specially under speeding. The 
system should inform about the give priority junction explicitly. The system should 
inform about the blind spots while taking right turn.  It would be beneficial to provide 
a connection with a family member while the elderly are on the road. This would 
simply serve the purpose of informing a family member of where the elderly driver is 
at a point in time.  

5.2   System Design and Implementation 

On the base of these user tests and guidelines, an early prototype of our own naviga-
tion system RACE (Route Assistant and communication system) was developed. The 
core system was developed in VC++ and interface was developed using Flash (action 
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script for communicating to VC application). A snapshot of the architecture of the 
system is given below. 

We implemented the features based on our earlier research with the elderly. The 
system operates on the principle of wizard of oz, as it is not fully implemented yet. It 
is functional for an area of 3 km only, which was extracted from a standard map ap-
plication. It supports pre-recorded narrator messages. Substantial feedback is provided 
in the case of wrong turns and the system waits for the response from the user before 
recalculating the new route. The system can track users and place this information on 
an authenticated website. There is also an option of switching between standard maps, 
textual instruction and landmark-based navigation. System also shows and announces 
all major road signs automatically. User can also hide and show related information 
on demand (as shown in the below screens). 

       

Fig. 2. Screen with sign (left), System Architecture (Right) 

We carried out an initial testing of our prototype with three users during a design 
workshop and we report the results of that elsewhere. We were controlling the system 
with a tablet PC and the navigation system was placed in a PDA. Our focus was not 
on altering the basic framework on which navigation systems are built but rather sup-
port efficient presentation of information and improve audio video synchronization. 
The application is still under enhancement and further user tests are planned. 

6   Conclusion 

In summary, we feel that there is an imperative need of providing a usable navigation 
system that is primarily tailored for the use of the elderly population. We not only 
emphasize basic usability, but more so issues such as multimodal information presen-
tation, which are directly influenced by the physical and cognitive state of the elderly. 

Acknowledgments. We thank all our participants for their time and cooperation. 
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