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ABSTRACT 
Mobile information systems aid first responders in their tasks. 
Support is often based on mobile maps. People have different 
preferences for map orientations (heading-up or north-up), but 
map orientations also have different advantages and 
disadvantages. In general north-up maps are good for building up 
situation awareness and heading-up maps are better for 
navigational tasks. Because of heavily loaded visual modalities, 
we expect that tactile waypoint information can enhance 
navigation speed and situation awareness. In this paper we 
describe an experiment conducted in a synthetic task 
environment, in which we examined the effect of heading-up and 
north-up displays on search and rescue performance of first 
responders, and if adding the tactile display improves 
performance.  

Categories and Subject Descriptors 
H.5.2 [Information Interfaces and Presentation]: User 
Interfaces - Evaluation/methodology, Graphical user interfaces 
(GUI), Haptic I/O, Prototyping. 

General Terms 
Measurement, Performance, Design, Experimentation, Human 
Factors. 

 

Keywords 
Mobile maps, multimodal interaction, wearable computing, 
navigation, tactile feedback, game-based simulation, crisis 
management, first responders 

1. INTRODUCTION 
A toxic cloud is threatening the life of inhabitants of a small 
urban area. First responders are the first to arrive at the scene of 
the crisis. In this dangerous, dynamic and chaotic environment, 
their task is to do surveillance and reconnaissance, bring victims 
to safety, provide first aid, and establish a good understanding of 
the situation and possible developments to inform other crisis 
response personnel and commanders. In this ambiguous and 
unclear situation they have to think fast and take important 
decisions.   
Mobile information systems are being developed to aid them with 
these tasks. Support of this type is often based on maps for 
information presentation and interaction. However, people have 
different preferences when using maps. Some prefer the map to be 
aligned with their orientation (heading-up), others prefer that the 
map always shows north up (north-up). It is also important to take 
into account the relative advantages of north-up and heading-up 
maps for different tasks. Heading-up maps have been shown to be 
more effective for navigational tasks [3, 20, 21]. Using a heading-
up map, no mental rotation is required to align the position of one 
self to the map, reduce cognitive efforts. North-up maps depict 
the world always the same, thus making it easier for the user to 
develop situation awareness (SA). In the case of first responders 
both north-up and heading-up maps can be beneficial, because 
important tasks of first responders include targeted search (e.g. 
rescuing of victims) and building up SA (e.g. for communication, 
finding the way out of dangerous areas). 
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Audio and visual modalities of the first responders are heavily 
loaded by tasks such as communication, navigation, coordination, 
and updating SA. An additional modality that is not yet used by 
first responders is tactile feedback by means of a mobile tactile 
display. We expect that providing waypoint information (a 
vibrating signal in the direction of a destination, for example a 
reported victim requiring help) may improve navigation speed. 
In this paper we examine if the choice between heading-up and 
north-up displays effects search and rescue performance of first 
responders, and if adding the tactile display improves 
performance. We distinguish four research questions: 
1. Will victims be rescued faster when participants use a 

heading-up map instead of a north-up map? 
2. Will victims be rescued faster when in addition to a map 

participants are given tactile waypoint feedback?  
3. Does map orientation affect participants’ SA?  
4. Does tactile waypoint information affect participants’ SA?  
We expect that victims will be rescued faster when heading-up 
maps are used. However, this map may hamper the development 
of SA, because the north-up map does not move with the heading 
of the participant and, consequently, the visual and tactile 
displays are incompatible. On the other hand, when tactile 
information is combined with the heading-up display, the 
information provided may be redundant. Tactile information may 
induce that the first responders do not pay attention to the 
environment, because they just follow the tactile signal, and 
hence have less SA. On the other hand, they have more time to 
pay attention to the environment while walking, because it is less 
important to watch the map, hence SA could also improve.  
Recently, game-based simulation has become popular in the 
scientific community, because of the possibilities and control it 
provides [11, 8, 19]. Logging data for analysis is one of the other 
advantages of experimenting in simulated environments. In this 
experiment we used a synthetic task environment (STE) based on 
the Unreal Tournament game-engine, which has proven its worth 
in previous studies [2, 18].  
In this paper we will first give some background of recent 
literature on the topic of mobile maps and tactile feedback for 
navigation tasks. Next the experiment is described and results are 
presented. We end with a discussion of the results and draw 
conclusions.  

2. BACKGROUND 
A number of studies have shown that maps aligned to the 
orientation of the user are read more easily and can improve task 
performance [15, 1]. Most of this work has been done for in-
vehicle navigation systems, but some more recent work has 
focused on pedestrians [17, 9]. Typically, two types are 
distinguished. North-up maps are similar to the well-known paper 
maps in that north is always at the top. The alternative, in this 
paper called heading-up, but sometimes also called head-up, 
forward-up, track-up, or simply rotating, adapts to the movement 
and orientation of the user, rotating the map such that the heading 
of the user is at the top of the map. Heading-up maps are favored 
when rapid decisions are required regarding lateral turns or while 
performing a targeted search [3, 20, 21]. Using a heading-up map, 
no mental rotation is required to align the position of oneself to 
the map, thus targets are generally found more quickly than with a 

north-up map and less cognitive effort is required. North-up maps 
depict the world always in the same way, thus making it easier for 
the user to develop situation awareness (SA). It is easier to keep 
an overview of the situation, for example when keeping track of 
the movements of other people. This could be an important 
consideration when the mobile support is used in a collaboration 
task where keeping track of colleagues is important, such as the 
crisis response domain.  
Hermann, Bieber, and Duesterhoeft compared automatic map 
rotation with physical rotation and a north-up condition [9]. Three 
different conditions were compared: north-up, north-up but 
participants were allowed to rotate the map physically, and 
heading-up.  In the heading-up condition (Wizard of Oz style, this 
part was non-functional but controlled by the experimenter) 
participants were able to navigate more successfully than in the 
other conditions. Manual rotation was better than fixed north-up. 
Seager and Fraser [17] found different results. They distinguished 
four conditions: north-up, physical rotation, automatic rotation 
(heading-up), and manual rotation (the user was able to rotate the 
map digitally). They conclude that most people prefer physical 
rotation over heading-up map, north-up map and manual rotation 
respectively. The same order was found for the number of errors 
and disorientations. They suggest that the differences found 
compared to the study of Hermann et al can be contributed to 
differences in information presentation on the map. Hermann’s 
visualization was rather simple and was single-turn based, 
whereas Seager’s task was more complex and open. Different 
cognitive processes may be required for these tasks [17].  
Prison and Porathe found that heading-up proved better than 
north-up and paper maps when navigating in a maze [14]. Their 
other alternative, a 3D projection, gave even better results.  
Providing a 3D representation is also one of the design solutions 
suggested by Sas et al. [16]. However, because egocentric 3D 
projections have the major drawback that information at your 
back is not visible, they are not suited for the type of tasks first 
responders have to conduct.  
Presenting waypoint navigation on a visual display is not suited to 
all situations. It has been investigated if it is feasible to present 
the navigation information on a tactile display [6]. An important 
design issue of the display is how direction and distance 
information must be coded. Tactile displays have been 
successfully used for soldiers’ navigation in forested areas by day 
as well as by night [7]. The day experiment consisted of an 
experiment with soldiers who had to navigate 1800 meters in a 
densely forested terrain. Each participant navigated a similar 
route three times with different support (compass, GPS and a 
tactile belt). This experiment showed that participants had a 
higher walking speed and reached more targets using tactile 
feedback compared to a GPS compass system.  
The experiment by night examined soldiers’ navigation 
performance with a focus on target detections and SA.  The tactile 
display is expected to be beneficial on the visual, mental 
workload and degraded vision. This is why the experiments were 
performed by nights, with off-limit areas and object negotiation 
on the route. In this experiment the tactile belt, a handheld visual 
support and a helmet mounted display were compared. The night-
time experiment showed that the tactile information decreased 
visual load and there was an increase in targets that were detected 
along the routes. The tactile display enabled the soldiers to have 
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their eyes free for the task of scanning the area for targets.  It 
became harder to build up global SA of the environment when 
using the tactile display, however, due to a lack of information on 
their position and distance to waypoints when using the tactile 
display [4]. 

3. METHOD 
3.1 Task 
Participants had to rescue victims in an STE. The participant’s 
task was to rescue a specific victim as quickly as possible. The 
player started somewhere in the urban environment and had to go 
to the victim, whose location was indicated on the map, as quickly 
as possible. In conditions with tactile feedback, the tactors 
indicated the relative direction of the victim. After rescuing the 
victim the participant had to return to the starting point, this time 
without any form of navigation support. This task was repeated 
ten times with different starting positions and victims. If the 
participant took longer than 40 seconds to return to the starting 
point, the next trial was started.  
The participant moved through the environment using a game 
controller. They could move forward, backward, sideways, and 
turn. When the participant walked through the environment the 
map screen turned black. This was to prevent participants from 
walking solely by looking at the map. Victims in the game were 
rescued by just walking up to them. When the participant was 
sufficiently close, the victim disappeared from the STE and the 
map. 

3.2 Design 
In the experiment two independent variables were examined: map 
orientation and tactile feedback. Map view could be north-up or 
heading-up, tactile feedback could be available or not. Tactile 
feedback was given by means of a suit that participants wore on 
top of their clothing, as shown in Figure 3. Each participant 
conducted the task in two of the four conditions, making the 
experiment partly between and partly in-between subjects. The 
map view remained the same for each participant, but the tactile 
condition would change (with or without tactile feedback), hence 
each participant would either do condition one and two or 
condition three and four, as shown in Table 1. To prevent practice 
effects, two different urban environments with similar look and 
feel and complexity were used.   
 

Table 1. Design of the experiment, with the independent 
variables map size and tactile feedback 

 Map orientation Tactile feedback 

1 North-up With tactile waypoint 
feedback 

2 North-up Without tactile waypoint 
feedback 

3 Heading-up With tactile waypoint 
feedback 

4 Heading-up Without tactile waypoint 
feedback 

 

3.3 Variables 
The dependent variables that were measured in the experiment are 
listed below: 

• Performance data. The performance consisted of time 
required to walk from the starting point to the victim. Also 
the number of starting points found was recorded. 

• Situation awareness. SA was measured by a subjective 
questionnaire after each trial and by performance measures. 
The subjective questionnaire examined whether the 
participant changed their strategy during the experiment and 
if they were aware what their position was with respect to the 
starting point and the victim. Performance measures for SA 
consisted of the number of times the starting point was found 
and the time it took to walk from victim to starting point 
without a map or tactile support. It was assumed that better 
SA would lead to more effective and efficient returns.  

• Satisfaction. Subjective data on satisfaction was gathered in 
questionnaires. 

3.4 Material 
An STE suited to our experiments was built using Unreal 
Tournament, which is very popular in the academic community 
[12]. Besides the quality of the engine, attractiveness lies in the 
modification called Gamebots [10], which allows external 
software to communicate with the game engine. Gamebots was 
developed at the University of Southern California for artificial 
intelligence research and provides two application programming 
interfaces (APIs). The first API allows controlling virtual 
characters in the game, the second pipes information out of the 
game.  
The main component of the architecture is the Unreal Tournament 
2004 server that hosts the game. A player, playing the role of a 
first responder, has the synthetic world at their disposal via the 
replication mechanism of Unreal Tournament 2004. All types of 
scenes can be created varying from simple block worlds to very 
realistic urban areas using the Unreal Level Editor UnrealEd 3.0 
that comes with Unreal Tournament 2004. The Gamebots script 
was slightly changed and recompiled using the Unreal 
Tournament 2004 compiler to enable transfer from additional 
information from the game to the support tool, such as the 
participant’s location. The basic support tool is created using 
Microsoft’s Visual Studio’s C# language and communicates with 
the Unreal Tournament server using a TCP/IP channel. 
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Figure 1: Set-up of the experiment. 
In the experiment each participant used two computers, both with 
a 17 inch computer screen. Figure 1 shows the set-up of the 
experiment. The support screen was situated on the left in front of 
the participant and displayed a map of the environment, either 
head-up or north-up. The environment screen was situated on the 
right, in front of the participant, and showed the synthetic task 
environment from a person’s perspective. Screenshots of both 
screens are shown in Figure 2 and Figure 3. To navigate in the 
virtual environment the participants used a Logitech game 
controller. The experiment was modeled in Unreal Tournament 
2004 editor and additional programming was done in C#. The 
tactile suit that was used is developed by TNO and consists of a 
vest with pager-motors also found in mobile phones [5]. Pictures 
of the vest are shown in Figure 4. The tactors vibrated with a 
frequency of 200 Hz. The tactors were on for one second and then 
off for one second. One horizontal circle of tactors was used to 
indicate the location of the victim.  
 

 
Figure 2:  The support screen in north-up condition.  

 

 
Figure 3:  The synthetic environment. 

 

  
Figure 4: Pictures of the tactile vest that the participant used, 

left is the front of the vest and right the back. 
 
A spatial ability test was conducted. In another project a software 
application has been developed for assessing mental spatial ability 
[13], which has been used in many subsequent experiments. A test 
was conducted with this mental spatial ability test to investigate 
its correlation with navigation performance. We assumed that 
people who showed worse spatial ability would also show worse 
navigation. These people may need more or different navigation 
support. Participants received a sequence of forty screens (such as 
shown in Figure 5) in a fixed (but adjustable) time schedule. A 
reasonable time (15 seconds) was determined by means of a pilot 
experiment. Within these 15 seconds, a participant had to 
determine which of the four peripheral images was identical to the 
central image (by clicking on the image) or had to decide that no 
image was identical (by clicking on the none or ‘geen’ button). It 
was possible to switch between answers during the 15-second 
interval. When the subject had not chosen an answer after 12 
seconds an alarm beep was given. 
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Figure 5: Screenshot of the test that was conducted to estimate 

the participant’s spatial ability. 
 

3.5 Participants 
Forty-two participants were used in the experiment as paid 
volunteers, twenty-two male and twenty female. The average age 
of the participants was 22 (range 18-30), and they were all college 
students. None of the participants had any previous experience 
with search and rescue tasks. All participants had sufficient 
computer experience to be able to perform the task in the STE. 
 

3.6 Procedure 
At the beginning participants were given a general, written 
instruction about the experiment. Then participants had to fill in a 
general questionnaire about their background, computer and game 
experience, and sensitivity to motion sickness. Then the spatial 
ability test was conducted. The experiment consisted of two trials. 
Before the trial started, the participants got a general instruction 
of the task and modalities (map view, tactile feedback) in this 
trial. A trial consisted of conducting the search and rescue task ten 
times, of which the first two were considered practice runs to 
account for learning effects. After each trial the participant had to 
fill in a questionnaire.  

4. RESULTS 
4.1 Performance data 
T-tests were conducted on the time it took to get from the starting 
point to the victim. Table 2 shows the time required to rescue 
eight victims (the first two times from each trial were not used in 
order to remove practice effects). The time to rescue victims with 
and without tactile feedback was significantly shorter when 
participants used a heading-up map, than when they used a north-
up map, t(39) = 2.32, p < 0.05. When there was no tactile 
feedback, participants rescued the victims significantly faster with 
a heading-up map, than with a north-up map, t(39) = 2.60,            
p < 0.05. For the heading up condition, no significant differences 
were found. When the map view was north-up, participants got to 
the victim significantly faster with tactile feedback than without 
tactile feedback, t(19) = -2.44, p < 0.05. When participants had a 

heading-up map no significant changes were found when tactile 
feedback was added.  
 
Table 2: Total time required to reach eight victims (seconds). 

 Tactile No tactile 

North-up 404 491 

Heading-up 367 377 

 
A multiple linear regression analysis was performed to predict 
performance measures based on predictor variables: spatial 
ability, age, and computer gaming per week. First, we performed 
this analysis separately for the conditions with and without tactile 
feedback.  
Table 3 shows that spatial ability explains most of the variance in 
the data for the conditions with and without tactile suit. In the 
regression it explains the largest part of the variance percentage-
wise for four out of six performance variables (namely number of 
starting points found and time to walk from victim to start, with 
and without tactile feedback). Furthermore we can see that spatial 
ability is more important for the condition with tactile feedback 
than without tactile feedback. 
Age explains most of the variance for two out of four criterion 
variables (namely time to walk from starting point to the victim in 
both conditions, with and without tactile suit) 
Hours of gaming per week explains only part of the variance of 
the number of starting points found without the tactile suit.  
 

Table 3: The percentage of explained variance the different 
predictor variables add for the different criterion variables, 

for the conditions with and without tactile suit. 

Criterion variable Explained variance R2 (%) by 
the three predictor variables 

Number of starting points 
found, with tactile suit  

Spatial ability  = 31 % * 

Start to victim time, with 
tactile suit  

Age  = 17 % * 
Add spatial ability  = 30 % * 

Victim to start time, with 
tactile suit 

Spatial ability  = 26 % * 
Add hour of games  = 29 % 

Number of starting points 
found, without tactile suit  

Spatial ability  = 10 % * 
Add hour of games = 14 % 
Add age = 18 % 

Start to victim time, 
without tactile suit  

Age  = 6% 
Add spatial ability = 12 % 

Victim to start time, 
without tactile suit  

Spatial ability  = 11 % * 

* Significant at level p < 0.05 
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We performed the same multiple linear regression analysis for the 
conditions with north-up and heading-up support.  
Table 4 shows that spatial ability explains most of the variance in 
the performance data with north-up and heading-up support. In 
the regression analysis it explains the largest part of the variance 
for four out of six criterion variables (namely number of starting 
points found for north-up and heading-up map, time to walk from 
starting point to victim in the north up map and time to walk from 
victim to start in condition with the north-up map).  
Age explains most of the variance for two out of four dependent 
performance variables (namely time to walk from start to victim 
with a heading up map and time to return from victim to starting 
point with a heading up map). 
 

Table 4: The percentage of explained variance the different 
predictor variables add for the different criterion variables, 

for the conditions with north-up and heading-up map support. 

Criterion variable Explained variance R2 (%) by the 
three predictor variables 

Number of starting points 
found, north-up  

Spatial ability = 41  % * 

Start to victim time,  
north-up  

Spatial ability  = 19 %  

Victim to start time, 
north-up  

Spatial ability  = 47  % * 

Number of starting points 
found, heading-up  

Spatial ability  =  24 % * 
Add age  = 32 % 

Start to victim time, 
heading-up  

Age = 56 % * 
Add spatial ability = 63 %  

Victim to start time, 
heading--up  

Age = 19 %  
Add spatial ability  = 29 %  

* Significant at level p < 0.05 
 

4.2 Situation awareness 
T-tests were conducted on the time to walk back from the victim 
to the starting point and the number of starting points found. 
Table 5 shows the number of times the participant returned to the 
starting point in time in the four conditions. No significant 
differences were found, although the data suggests that adding 
tactile information may lower SA.  No significant differences 
were found for the return times. 
 

Table 5: Average number of times a participant returned to 
the starting point in time (out of eight runs).  

 Tactile No tactile 

North-up 6,45 7,00 

Heading-up 6,66 6,85 

 
After each trial the participant filled in a questionnaire. To the 
question whether they changed their strategy during the 
experiment, 21 participants answered yes in the condition with the 

tactile suit. Participants that changed their strategy during the 
experiment indicated that they first started walking based solely 
on information from the tactile suit. However, they noticed that 
they did not know how to walk back to the starting point and they 
found they did not know the most efficient route to the victim 
when using the tactile suit alone. They would then change their 
strategy to looking at the map for a global overview and start 
walking to the victim by means of the tactile vest. In the condition 
without the tactile suit only four indicated that they changed their 
strategy. They indicated that they changed their strategy and 
looked more on the map, because they were sometimes unable to 
find the way back. 
Participants were asked if they knew their location with respect to 
the starting point and victim. They had to fill this in on a five-
point scale (1 = no, 5 = yes). The mean answers did not differ for 
the conditions, the participants indicated that they knew where the 
starting point and victim were during the search and rescue task 
(mean answer = 4.0). Apparently, for some this required a change 
in strategy.  

4.3 Satisfaction 
The following questions were answered on a five-point scale (1 = 
no and 5 = yes) in the condition where participants used both 
maps and tactile feedback:  
1. Did you find the tactile suit hard to use? 

Did you find the map hard to use? 
2. Did you find the tactile suit comfortable to use? 

Did you find the map comfortable to use? 
3. Did you find the tactile suit useful? 

Did you find the map useful? 
Figure 6 shows the results. The questions were compared using a 
Wilcoxon matched pairs test. Results indicated that the map was 
more useful to the participant and more comfortable to use than 
the tactile vest, p < 0.01. 
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Figure 6: mean score to three questions about the usability of 

the tactile suit and the map, error bars denote 95% confidence 
interval. 
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Figure 7 shows the routes one participant walked during the 
experiment with a north-up mobile map and tactile feedback. The 
routes depicted here are displayed in different colors for each 
search and rescue run. Rescues that went very well are for 
instance the rescue of victims seven and eight. The participant 
starts for instance at starting point seven (S7) rescues victim seven 
(V7) and ends again at starting point seven.  Cases where the 
participant did not make it back to the starting point were the 
rescue of victims three and nine. In both rescues the participants 
made a wrong turn on the way back after rescuing the victim.  
 

 
Figure 7: The routes one of the participants walked in the 

virtual environment with a mobile map and tactile feedback 
support. The green triangles with the S stands for starting 

point, the red diamonds with the V stands for victim. 
 

5. DISCUSSION 
Results showed that the time to walk from the starting point to the 
victim was shorter with a heading-up display than with a north-up 
display. Spatial ability was an important indicator for the time to 
walk from starting point to victim when using a north-up map. 
This was as we expected it to be, since it is easier to make quick 
navigation decisions and lateral turns using a north up map. When 
tactile feedback is added to the north-up map support, victims 
were rescued significantly faster. Adding tactile feedback to the 
condition where a heading-up map was available did not lead to a 
significant improvement in performance. The difference in time it 
took to rescue a victim with a north-up map with tactile feedback 
was not significantly different from the time it took to rescue a 
victim with a heading-up map (both with and without tactile 
feedback). Spatial ability was an important predictor for locating 
starting points and time to walk from victim to start with and 
without the tactile vest. These results suggest that tactile feedback 
may take away or reduce the disadvantages of using a north-up 
map in a targeted search.  
 
 
 
 

Participants indicated that they found the map more useful for 
their task than the tactile feedback. This makes sense, because the 
map shows that sometimes the most direct street does not lead to 
the victim but a detour is required. Maybe if tactile feedback 
would be provided as route-based information instead of simple 
waypoint-based, the participants would have found it equally 
useful.  
The T-tests that were conducted on the time that participants took 
to return from the victim to the starting point and from the number 
of found starting points produced no significant results. We hoped 
that the time required to return to the starting point without he 
support of maps or tactile information would be an indicator of 
the participant’s SA. Although also for the tactile conditions no 
differences were found for the return time to the starting point, 
subjective data showed that participants had the feeling that the 
tactile suit had an impact on situation awareness. More than half 
of the participants changed their strategy during the trial with the 
tactile suit. Participants that changed their strategy indicated that 
at first they relied too much on the tactile feedback and were 
unable to (or found it hard) to return to the starting points. This 
indicates that a learning effect occurred when using the tactile 
suit. Maybe if participants were able to use the tactile suit longer, 
the positive effects would have been more obvious. 

6. CONCLUSION 
Heading-up maps significantly outperform north-up maps in our 
search and rescue task. Adding a tactile display to a heading-up 
map does not improve performance, but when added to a north-up 
map performance was improved significantly. Hence, for tasks 
where having proper SA is important, north-up maps in 
combination with tactile waypoint information may be a good 
design alternative.  
Map orientation significantly improved the performance. Victims 
were rescued faster with a heading-up map than with a north-up 
map. But no significant effects were found in the time needed to 
walk back to the starting point.  
Whether adding tactile information affects SA or not is hard to 
say based on our results. No significant effect was found in the 
measurements, although a trend seems to suggest that tactile 
feedback lowers SA. Subjective data also showed that participants 
had the feeling that the tactile suit had an impact on the situation 
awareness. However, to determine whether SA is really lowered 
by adding tactile information requires furthers study.  
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