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ABSTRACT
One of the bottlenecks in today’s pedestrian navigation sys-
tem is to communicate the navigation instructions in an
efficient but non-distracting way. Previous work has sug-
gested tactile feedback as solution, but it is not yet clear
how it should be integrated into handheld navigation sys-
tems to improve efficiency and reduce distraction. In this
paper we investigate augmenting and replacing a state of
the art pedestrian navigation system with tactile navigation
instructions. In a field study in a lively city centre 21 par-
ticipants had to reach given destinations by the means of
tactile, visual or multimodal navigation instructions. In the
tactile and multimodal conditions, the handheld device cre-
ated vibration patterns indicating the direction of the next
waypoint. Like a sixth sense it constantly gave the user
an idea of how the route continues. The results provide
evidence that combining both modalities leads to more ef-
ficient navigation performance while using tactile feedback
only reduces the user’s distraction.

Categories and Subject Descriptors
H.5.2 [User Interfaces]: Haptic I/O

General Terms
Human Factors, Experimentation

Keywords
Tactile & Haptic UIs, Multi-modal interfaces, User Studies

1. INTRODUCTION
With more and more powerful handheld devices sold, location-

based services and navigation systems have become common
applications on our mobile phone. In particular, navigation
aids, such as Google Maps, can be found on virtually any
Smartphone. These aids allow us to find our way in un-
familiar environments and places we never visited before.
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Figure 1: Being distracted is a serious issue when
interacting with handheld devices on the move, e.g.
when employing them as navigation aids.

Typical applications locate users on a map and allow calcu-
lating route. In addition, some recent navigation systems,
such as Google Maps Navigation, also provide turn-by-turn
instructions by text, visual cues, or speech.

An important problem is the distraction caused by the
audio-visual information presentation of such systems, as
illustrated in Figure 1. According to a study by Madden
and Rainie [9] one in six adults report to have physically
bumped into another person because they were distracted
using their phone. Ear plugs free the eyes but may lead to
the ”iPod Zombie Trance”1, which refers to the loss of situa-
tional awareness from listening to audio content. According
to the Sydney Morning Herald, authorities in Australia are
speculating that this might be a contributing factor to the
still increasing pedestrian fatalities. Safety considerations
aside; looking at a display or having to listen to spoken in-
structions might simply be undesirable, e.g. when having a
lively discussion with a companion. Therefore, interaction
techniques are needed that support pedestrian navigation to
not distract travellers from their primary tasks.

Recently a number of research groups have investigated
different ways of enhancing Smartphone-based navigation
systems with vibro-tactile feedback [8, 10, 14, 15, 21]. One
emerging metaphor is the sixth sense, which Froehlich et al.

1http://www.smh.com.au/digital-life/mp3s/
pedestrian-death-rise-blamed-on-ipods-20100905-14w4d.
html, Sydney Mordning Herald, last visited August 30,
2011.



[3] define as ”multimodal feedback to alert users of changes
and opportunities in the dynamic environment.” For exam-
ple, Lin et al. [8] used encoded turning instructions, such as
”turn right now” in vibration patterns. In our previous work
[14] we proposed a Tactile Compass that encodes compass
directions in vibration patterns. For both approaches it was
shown that they can effectively guide a pedestrian to a given
destination. However, it is not yet clear if and how these
techniques can be used in combination with today’s pedes-
trian navigation systems. Shall they be used to replace or
complement existing visualisations? Will they be beneficial
in terms of navigation performance and distraction?

To answer these questions we conducted a field study.
We experimentally compared visual, tactile, and multimodal
navigation instructions with a handheld pedestrian naviga-
tion system. Data from 21 participants and 63 routes were
collected. The results provide evidence that the distraction
could be reduced by providing tactile feedback only. The effi-
ciency could be improved by providing multimodal feedback.
These findings may help designers to tailor navigation sys-
tems and similar location-based systems towards efficiency
or distraction.

2. RELATED WORK
Tscheligi and Sefelin [19] argue that considering the con-

text of use appropriately is one of the main prerequisites
for the success of pedestrian navigation systems. A well-
known issue is that the interaction with the mobile device
only happens in short bursts [11] and thus can be highly dis-
tractive. Thus, pedestrians might lose their situation aware-
ness, which may be dangerous when walking through a lively,
traffic-heavy area [9].

To accommodate the pedestrian’s context of use, many
researchers have investigated the use of tactile information
presentation. Tan and Pentland [18] proposed a 3x3 array of
tactile actuators worn on the back for conveying navigation
information. By e.g. having a series of pulses moving from
the left to the right of the display could be used to indicate
”turn right”or ”right-hand side”. Tactile belts are a different
form of tactile displays that have proven successful to sup-
port (pedestrian) navigation. An early example by Tsukada
and Yasumura [20] is the ActiveBelt, which is equipped with
eight vibro-tactile actuators. It allows creating tactile stim-
uli around the wearer’s torso to ”point” into a horizontal
direction. By pointing into the direction the user has to go,
such tactile belts can guide pedestrians along a route. This
form of waypoint navigation has found to be effective and
beneficial for the user’s distraction [2, 12].

Disadvantages of these early devices are that they are
custom-made hardware devices, which might not always be
available when the user is travelling. User might also just
not want to carry such a device if navigation support is not
required too often. Therefore, researchers have investigated
whether navigation support can also be provided with the
most ubiquitous tactile display: the vibration alarm of mo-
bile phones. There are two predominant solutions, which
Frohlich et al [3] refer to as the magic wand and sixth sense.

The magic wand metaphor, as illustrated in Figure 2, fol-
lows the idea that a user points at a distant object with a
handheld device to learn about its presence or access infor-
mation about it. Technically this is possible as nowadays
smartphones are equipped with a digital compass. Recent
implementations provide feedback when the user roughly

Figure 2: Magic Wand metaphor: user learns about
location of an object by pointing at it with a mobile
device.

points into the correct direction of a relevant geographic lo-
cation, such as the travel destination [10, 15, 21]. Thus, by
actively scanning the environment the user can stay aware of
the general direction of her or his travel destination. It has
been shown that this technique is very intuitive and allows
users to effectively reach a given destination [10, 15, 21].
However, the intuitiveness is traded with the drawback that
the device has to be held in the hand and actively needs to
be pointed at the object, which has been found undesirable
by some users [15].

Figure 3: Sixth Sense metaphor: location of an ob-
ject is encoded in e.g. vibration patterns.

The sixth sense metaphor, as illustrated in Figure 3, de-
scribes solutions that use multimodal feedback to alert the
user about changes in the environment. This has been ap-
plied by issuing turning instructions in vibration patterns [8]
as well as cueing the direction in which the user has to go in
vibration patterns [14, 10]. Both approaches have proven to
be effective in user studies. The advantage of the sixth sense
approach versus the magic wand approach is that users are
not required to do pointing gestures to acquire the presented
information.

While previous work has provided evidence that tactile
belts can reduce the navigator’s distraction, it is not yet
clear whether this benefit can also be found for these novel
handheld-based interaction techniques. Also, previous work
has compared tactile and visual navigation systems but did
not investigate the multimodal combination of both. Thus,
it is not clear what effects multimodal cueing of directions
will have on the navigation performance and the user dis-
traction, and if/how it therefore should be employed.



3. FIELD EXPERIMENT
To study these novel handheld-based interaction techniques

[8, 10, 14, 15, 21] in multimodal usage we conducted a field
experiment. 21 participants were asked to navigate through
a crowded urban environment. In three conditions, they
were equipped with either a handheld-based tactile naviga-
tion system, or a state-of-the-art pedestrian navigation sys-
tem, and the combination of both. We wanted to investigate
whether the handheld-based tactile feedback shows the same
positive effects on the user’s distraction as tactile belts do
[2, 12]. Also, we wanted to investigate whether users can
integrate the tactile and the visual cues in a way that is
beneficial for the navigation performance.

3.1 Evaluation Environment
The study was conducted in the summer of 2010. It took

place in the pedestrian zone of Oldenburg, Germany, a Eu-
ropean city with about 150,000 inhabitants. The winding
layout of the streets makes it difficult to stay oriented, even
for locals. During shopping hours the city centre becomes
very crowded, so a lot of attention is required to evade other
people and obstacles. We defined two training routes and
three evaluation routes (see Fig. 4). Each route covered
about 450 meters. All routes started and ended in calm, less
frequented areas and led through the central, most crowded
area.

Figure 4: The three evaluation routes covering the
city centre of Oldenburg, Germany (the two test
routes are not shown). Map by OpenStreetMap.org

3.2 Visual Navigation System
As baseline for the experiment we used a self-built naviga-

tion system similar to Google Maps. We did our own imple-
mentation to provide OpenStreetMap data which - unlike
Google Maps - has all pedestrian paths available. Other-
wise, the application provides all the relevant functionality
available in Google Maps: the user’s position and orienta-
tion is indicated by an icon drawn onto the map. The map
can be set to automatically rotate and align itself with the
environment, so the ”up”direction on the screen corresponds
to the device’s orientation. The route is highlighted on the
map. Additionally an arrow icon in the bottom left corner
of the screen visually indicates into which direction to go.
In pilot studies we learned that many users feel embarrassed
and distracted by speech output, especially in lively areas.
Therefore, only visual feedback was provided.

Figure 5: Screenshot of the visual navigation system
used in the study. The user location and the route
are shown on a map. The icon in the lower left
provides a visual cue where to go. It also visualises
the vibration patterns associated with each direction
(see grey bars in enlarged version).

3.3 Tactile Navigation System
For the tactile navigation system we combined previously

proposed instances of the magic wand and the sixth sense
metaphor.

As instance of the magic wand metaphor we used the
pointing design proposed by [15, 21, 10], which allows the
used to scan for a geographical entity by pointing gestures.
When the device e.g. points at the next waypoint, this way-
point is considered being ”ahead”.

As instance of the sixth sense metaphor we used the Tac-
tile Compass proposed in [14], which provides directional
information in vibration patterns. When the user e.g. walks
towards the next waypoint, two short pulses indicates ”ahead”
(see Fig. 5 for all eight vibration patterns). The Tactile
Compass has found to be an effective navigation aid [10, 14]
without requiring any active gestures, which may be tire-
some during extended usage [15].

Technically the tactile information presentation techniques
are applied as waypoint navigation techniques [2, 12]. There-
fore, routes are divided into sets of waypoints. The system
constantly conveys the direction of the waypoint that has to
be reached next. Once this waypoint has been reached the
system switches to the subsequent waypoint. The user is
thus dragged along the route until reaching the destination.
In our particular implementation we also allowed the user
to skip waypoints when e.g. going cross country, finding a
shortcut, or simply taking a wrong turn.

The success of waypoint navigation also depends on how
close the user needs to get to a waypoint until the system
switches to the subsequent waypoint. Switching too late
causes the user to reach the decision point without knowing
where to go. Switching to the next waypoint too early can
result into direction information that may be hard to inter-
pret, since e.g. the system points at a building. In a series of
pilot studies we optimised the switching time to provide the



new directional information in the most suitable moment.
One of the tweaks we used was to switch to the next way-
point earlier, the faster the user walked and the less accurate
the GPS signal was.

3.4 Participants
21 participants (10 female, 11 male) took part in the study.

Their age ranged from 18 to 41 with an average of 26.6 years
(SD 6.68). Prior to the study we assessed the participants’
familiarity with (pedestrian) navigation systems and their
sense of direction. The sense of direction was assessed by
the Santa Barbara Sense of Direction Scale (SBSOD) [5].
In a possible range from 1 (low) to 100 (high) the partici-
pants scored 54.72 (SD 15.37) in average. The participants
judged their familiarity to be average with car navigation
systems (3.05, SD 1.02 / 1=low - 5=high) and below av-
erage with pedestrian navigation systems (1.95, SD 1.16 /
1=low - 5=high). Although no personally identifiable in-
formation was collected all participants signed an informed
consent. All participants received a gift to compensate their
participation in the study.

3.5 Design
The navigation system configuration served as indepen-

dent variable with three levels: visual, tactile, and combined.
In the visual condition the participants only used the visual
feedback of the navigation system. In the tactile condition
the screen was blinded so only the tactile feedback could be
used. In the combined condition, both, the tactile feedback
and the visual feedback were available.

The experiment followed a within-subjects design, so ev-
ery participant contributed to all three conditions. The or-
der was counter-balanced to cancel out sequence effects. The
following dependent measures were taken to assess the nav-
igation performance, the cognitive workload, and the level
of distraction:

Navigation Performance.
Inspired by previous field studies (e.g. [7, 16, 12]) nav-

igation performance was measured in terms of completion
time, number of navigation errors, number of orientation
phases, and number of orientation losses. Completion time
was defined as the time the participants travelled from start
to end of each route. A navigation error was counted when
a pedestrian took a wrong turn and entered the wrong street
for more than 5 meters. Disorientation events were defined
as situations where the participants stopped for more than
10 seconds or stopped and expressed their disorientation ver-
bally. An orientation phase was counted when the partici-
pant stopped shortly (less than 10 s) to re-orient themselves.

Cognitive & Mental Workload.
The cognitive workload was measured by subjective and

objective measures. As subjective measures we issued the
widely accepted Nasa TLX [4] questionnaire. As objective
workload measure we monitored the participants’ walking
speed, as Brewster et al. [1] suggested that people walk
slower when the cognitive workload increases while inter-
acting with a handheld device. The walking speed was ex-
tracted from the GPS signal.

Distraction.
The distraction was quantified by measuring how much

participants interacted with the mobile device and how well
they could pay attention to the environment. To assess how

well the participants paid attention to the environment we
asked the participants to count the number of cafes, hair
dressers, and pharmacies and name the sum of all of these
shops at the end of the route. Since the experimenters were
aware of all of these shops they could calculate the ratio of
how many shops have been detected. Interacting with the
device was divided into two groups: looking at the map and
using the pointing gestures. The participants were consid-
ered looking at the map when the device was held in an an-
gle that allowed that participant to look at the display. The
participant was considered pointing when the device was
held nearly parallel to the ground. Since in the combined
condition the user could also be looking at the map when
pointing and vice versa, such situations were contributing
to both dependent measures at the same time. How the
device was held was logged automatically by the device, so
these measures could be taken without having to use a video
camera.

3.6 Procedure
Informed consents, demographic questionnaires, and addi-

tional information were sent out to the potential participants
prior to the study. Only those participants who signed the
consent forms were invited to the study.

Training sessions allowed the participants to get used to
the navigation system. A dedicated application was devel-
oped to train the tactile feedback. It allowed the participants
to explore and learn the different patterns. To complete the
learning phase, 16 random patterns had to be recognized.
Response time and recognition errors were logged for later
analysis.

Afterwards the participants could train the use of the ap-
plication on two test routes. The first route was done with
visual and tactile feedback, the second with tactile feedback
only. During both routes we trained the participants to use
the pointing gesture or to look at the device’ screen only
when needed and otherwise keep the device in a position
where the arm was relaxed.

When the actual evaluation started we explained the par-
ticipants that they had to count cafes, hair dressers, and
pharmacies they pass by on their route. The navigation time
started to be recorded when the route was selected on the
mobile device. The experimenter followed the participant in
some distance and took notes about navigation errors, orien-
tation losses, and orientation phases. The experimenter also
watched out for the number of shops to be counted when
participants left the correct route due to a navigation error.
When arriving at the last waypoint of the route the comple-
tion time was automatically taken. The participants filled
out the Nasa TLX for the past condition and then switched
to the next condition.

After having completed all three routes we conducted an
open post-hoc interview with the participants. The goal
was to learn about any of the participants’ impressions and
suggestions. Our strategy was to not ask any question unless
the interview went stuck but encourage the participants to
express their thoughts freely. The whole procedure took
about 90 minutes for each participant.

4. RESULTS
All participants succeeded to reach the destination in all

three conditions. In the following we present the quantita-
tive and qualitative findings.



4.1 Quantitative Results
This section presents the quantitative results of the depen-

dent variables. The diagrams show mean value and stan-
dard deviation per condition. Statistical significance was
analyzed using ANOVA and Tukey post-hoc tests.

Navigation Performance.
Figure 6 shows the results related to the navigation per-

formance. No significant effects could be found on the com-
pletion time (F (2) = 2.93, p = .06) and the number of ori-
entation losses (F (2) = 0.47, p = .63). There was a sig-
nificant effect on the number of navigation errors (F (2) =
3.65, p < .05). In the combined condition participants took
less wrong turns than in the visual or the tactile condition
(both p < .05). Further, there was a significant effect on
the number of orientation phases (F (2) = 4.93, p < .01). In
the tactile condition the participants made more short stops
than in the visual condition (p < .01). In summary, partici-
pants stopped more often to reorient when using the tactile
feedback only. The multimodal combination of visual and
tactile led to less navigation errors.

We also found several noteworthy correlations: partici-
pants with better knowledge about the city had a higher
walking speed in the visual condition (r = .47). More
previous experience with navigation systems lead to lower
completion times (r = −.37) and fewer orientation phases
(r = −.47) in the tactile condition. In the visual condition
participants with more previous experience looked at the de-
vice less often (r = −.34). Participants who completed the
training faster performed better in terms of completion time
(r = .44, .53, .67), navigation errors (r = .55, .69, .42), dis-
orientation events (r = .50, .60, .11), and orientation phases
(r = .46, .50, .59) (for conditions visual, tactile, combined).

Figure 6: Navigation performance measures.

Cognitive Workload.
Figure 7 shows the results related to the cognitive work-

load. There was a significant effect on the participants’ walk-
ing speed (F (2) = 5.01, p < .01). Participants walked faster

in the visual condition than in the tactile condition (p < .01)
or in the combined condition (p < .05). Thus, the objective
cognitive workload was higher when the tactile feedback was
present. However, the subjective judgement of the cognitive
workload via the NasaTLX showed no significant differences
between the conditions (F (2) = 1.04, p = .36).

Figure 7: Cognitive workload measures.

Distraction.
Figure 8 shows the results related to the distraction. There

was no significant effect on the number of shops found (F (2) =
.94, p < .40). But, there was a significant effect on the
amount of interaction (F (2) = 3.41, p < .05). The inter-
action was significantly lower in the tactile and in the com-
bined condition than in the visual condition (both p < .05).
Considering only the time spent looking at the map in the
conditions where the map was available, the participants
in the visual condition looked significantly less often at the
map compared to the combined condition (p < .05). In the
two conditions where the tactile feedback was present, the
participants used the pointing gesture significantly less of-
ten in the combined condition than in the tactile condition
(p < .01). In summary, the visual feedback reduced the
amount of pointing interaction and the tactile feedback had
a positive effect on the amount of distractive interaction.

4.2 Comments and Observations
In the beginning of the experiment, many participants

were questioning whether the tactile feedback only was suf-
ficiently easy to use. During the study, however, none of the
participants failed interpreting the tactile cues. One partic-
ipant nicely summarized this by stating: when reading the
information sheets I never thought these vibration patterns
would work. But in retrospect, it was much more intuitive
than I expected.

4.2.1 Navigation Strategies

Visual Condition.
In the visual condition the predominant strategy was ”read

’n’ run”: the participants studied the map, memorized the
upcoming route segment, and then passed the memorized
part as quickly as possible without looking at the map. Par-
ticipants using this strategy were walking faster than in any
other situations we observed. Since the study took place in
summer, sunlight reflections were one of the major issues in



Figure 8: Distraction-related measures.

reading the map. Three participants reported to have major
trouble with reading the display (see Fig. 9).

Figure 9: Participant struggling to read the display
due to sunlight reflections (left). Participant scan-
ning for the next waypoint (right).

Tactile Condition.
As suggested, the participants used the pointing gestures

only when there was a specific need for more accurate in-
formation, such as when the GPS signal strength declined
or when the participants wanted to reorient themselves at
a crossing. Usually the participants pointed the device for-
ward into their walking direction. They tried to learn the
direction of the next waypoint from the pattern rather than
actively pointing the device in different directions to find the
”ahead” pattern by pointing into different direction. Thus,
the pointing interaction studied in [10, 15, 21] has rarely be
observed. Although there was no technical need, there was a
tendency that the participants stopped when doing pointing
gestures.

In the post-hoc interview many participants stated that
they found the tactile feedback surprisingly more easy to be
used than they had expected. The lack of an overview was
named five times as notable drawback. Four participants
stated that they were missing the map to understand how
the route proceeded beyond the next waypoint. However, re-
garding the tactile condition six participants expressed that
they were not missing the map at all.

Combined Condition.
The combination of tactile and visual feedback was named

most often as the preferred condition. The participants en-
joyed to have the map to get an overview and at the same
time receive constant confirmation by the tactile cues. Many
participants focused on one source of information primarily
and used the other as support. Eight participants reported
to have relied on the map and used the tactile feedback to
be reminded of an upcoming turn. Seven participants re-
ported to have primarily used the tactile feedback and used
the map only when being uncertain. Unlike the visual con-
dition, the ”read ’n’ run” strategy was hardly observed in
this condition.

4.2.2 Cognitive Workload and Distraction
Many participants stated that they were constantly mon-

itoring the tactile feedback. Three participants explicitly
mentioned that processing the constant feedback was men-
tally demanding. On the other hand, four participants ap-
preciated the continuous feedback. They felt that people
having bad sense of direction would greatly benefit from the
constant confirmation.

With respect to the distraction, participants appreciated
that the tactile feedback made it unnecessary to look at a
display. Nine participants positively mentioned the private
and eyes-free usage, in particular when the display is hard
to read due to sunlight reflections.

4.2.3 Tactile Compass Design
In order to identify areas of improvement we also collected

feedback on the design of the tactile feedback. In the ded-
icated training session the participants recognized 78.19%
(SD 14.61) of the presented patterns correctly Roughly 80%
of the errors was a confusion of neighbouring directions, e.g.
left was chosen instead of left-behind. In the post-hoc inter-
views we identified two reoccurring issues:

The first issue was the number of directions to present.
Our design cued eight directions in vibration patterns. How-
ever, seven participants stated that they mentally ignored
the intermediate directions and therefore navigated by ahead,
behind, left-hand side and right-hand side only. Addition-
ally, five participants reported to have difficulties to discrim-
inate the ahead and the two adjacent directions (ahead/right
- ahead/left). Three participants explicitly suggested reduc-
ing the number of directions to four.

The second issue was the constant presence of the tac-
tile feedback. It was explicitly appreciated by four partici-
pants who felt to have a bad sense of direction. However,
the bigger share of the participants pointed out that their
attention was drawn too much by the constantly repeated
vibration patterns. Some said that they could not stop lis-
tening for changes in the vibration signals. During the study
we observed many cases, where the participants appeared to
concentrate a lot on the tactile patterns (see e.g. Fig. 9).
Suggestions for improvement were to play the tactile pat-



terns only on the user’s request or only in situations where
it is necessary, e.g. when approaching a turn or when leaving
the route.

5. DISCUSSION
All participants were able to reach the given destinations

with the visual, the tactile, and the multimodal, combined
feedback. The multimodal feedback improved the naviga-
tion performance by reducing the number of navigation er-
rors. The tactile feedback only led to less distractive inter-
action with the handheld device. The presence of the tactile
feedback in the tactile and the combined condition led to
slower walking speeds, which we believe may be a sign for
an increased cognitive workload.

Navigation Performance.
The results support previous work showing that cueing

directions is possible with a single actuator [10, 12, 15, 21]
and can form effective navigation aids. Although no statis-
tically significant differences could be observed, there was
a tendency towards a decreased navigation performance in
the tactile condition. We did not find this surprising given
the fact that most participants had previous experience with
visual navigation systems while the tactile system was com-
pletely new to them. The time needed to get to the des-
tination increased by 15% for the tactile condition, which
may still be acceptable if reducing distraction is preferred
over efficiency. Although we included two training routes,
the question remains whether the performance would con-
verge over time as the user gains more experience in using
the tactile compass.

The combination of both modalities, in contrast, could
improve the navigation performance in terms of navigation
errors. Similar findings have been made with body centric
cues provided by tactile waist belts. In two studies [17, 13]
it was shown that cueing the location of the destination can
improve the navigation performance. However, there are
two notable advancements: (1) the work presented here is
based on abstract patterns and pointing gestures, not body
centric cues. The latter are presumably easier to interpret.
(2) in the reported studies the tactile displays were used
in combination with maps. Here we provided turn-by-turn
instructions, which are presumably more powerful. Thus,
we could show that navigation performance can still be in-
creased, even if the tactile cues are less intuitive and the
visual cues are more intuitive.

Cognitive Workload.
The results indicate that the tactile feedback induced cog-

nitive workload. The walking speed was significantly higher
in the visual condition which according to Brewster et al. [1]
is a sign of less cognitive workload. Many participants who
reported that they have been constantly feeling for vibration
patterns confirmed this. Notably, this happened in the tac-
tile and in the combined condition, although in the combined
condition the participants could have used the system as in
the visual condition by just ignoring the tactile feedback.

We are surprised that we did not observe an equivalent of
the cocktail party effect, where people selectively listen to
a single speaker while ignoring all other conversations and
background noise. Our results indicate that even in the com-
bined condition, where interpreting the tactile patterns was
not necessary at all, the participants tried to interpret them.
One explanation might be found in the work by Ho et al.

[6] who found that the sense of touch can be used to attract
and direct the human’s attention. The tactile cues could
have attracted the users’ attention even in situations where
it was unnecessary. Future design iterations could address
this issue by simplifying the tactile icons further (e.g. by re-
ducing the number of directions) and providing information
only when necessary. On the good side, these findings indi-
cate that tactile cues are well perceived on the move and do
not suffer from external interferences. So, tactile cues would
be particularly effective in drawing the user’s attention if
required.

Distraction.
The tactile feedback had a positive effect on the distrac-

tion. Complementing the visual system with tactile feedback
helped reducing the time spent interacting with the device
significantly. Compared to the visual condition the partici-
pants looked less often at the map. Compared to the tactile
condition the participants used the pointing gesture less of-
ten. Taking the overall time spent scanning & looking on
the map into account, the participants were interacting most
when having visual feedback only. These findings show that
the reduction of the user’s distraction shown for tactile belts
[2, 13, 12] also applies to the sixth sense and the magic wand
metaphors for handheld devices.

However, although the participants found most shops in
the tactile condition, no significant effect was found on the
detection rate. This can be explained by the fact that the
detection rates were generally high (between 77 % and 88
%). We therefore cannot confirm the findings by Elliott et
al. [2] where soldiers could spot most ”targets” with a tac-
tile navigation system. However, Elliott et al. compared
their tactile navigation system with a head-mounted display
and an alphanumeric handheld GPS coordinate represen-
tation. Both baseline systems presumably require more ef-
fort to interpret the navigation information compared to the
navigation system used in our study. Thus, the findings by
Elliott et al. might be confirmed when the tactile feedback
is employed with improvements with respect to the cognitive
workload and more training.

Limitations of the study.
Some participants were not completely unfamiliar with

the city centre. This could account for the ”read’n’run”
strategy we observed in the visual condition and thus have
favoured the conditions with the visual feedback. In com-
pletely unfamiliar environments the tactile feedback might
therefore have performed better in comparison. In particu-
lar, this shows that maps are distracting even though users
already have some understanding of their content. In terms
of ecological validity we do not see the results threatened, as
it is not uncommon to use navigation systems in somewhat
familiar environments.

6. CONCLUSIONS
The main contribution of this paper is the first field study

reporting from an experimental investigation of visual, tac-
tile, and multimodal (visual and tactile) feedback for provid-
ing turning instructions in a pedestrian navigation system
on handheld devices. The study provides evidence that the
tactile feedback reduces the user’s distraction while the mul-
timodal feedback improves the navigation performance. Fur-
ther, it suggests taking into account to reduce the amount



of tactile feedback to not increase the cognitive load unnec-
essarily.

These findings will allow tailoring navigation systems to-
wards the context of use, i.e. whether navigation perfor-
mance or reduced distraction is required. The findings may
also be applied to applications beyond navigation systems,
as cueing directional information is a core feature of many
location-based services. The results suggest that providing
tactile feedback will improve the user’s situation awareness
and therefore be beneficial for the safety of use.

Future works needs to address the challenge of reducing
the cognitive workload. Solutions we proposed, such as re-
ducing the complexity of the directional information and re-
ducing the amount of feedback should be subject of further
studies. Further, all studies on tactile feedback in navigation
systems studied time-limited usage only. Longitudinal stud-
ies are in order to investigate how tactile feedback performs,
once the participants get acquainted to it.
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[3] P. Fröhlich, A. Oulasvirta, M. Baldauf, and
A. Nurminen. On the move, wirelessly connected to
the world. Commun. ACM, 54:132–138, January 2011.

[4] S. Hart and L. Staveland. Human Mental Workload,
chapter Development of NASA-TLX (Task Load
Index): Results of empirical and theoretical research.
Amsterdam: North Holland, 1988.

[5] M. Hegarty, A. E. Richardson, D. R. Montello,
K. Lovelace, and I. Subbiah. Development of a
self-report measure of environmental spatial ability.
Intelligence, 30:425–447, 2002.

[6] C. Ho, H. Z. Tan, and C. Spence. Using spatial
vibrotactile cues to direct visual attention in driving
scenes. Transportation Research Part F: Psychology
and Behaviour, 8:397–412, 2005.

[7] T. Ishikawa, H. Fujiwara, O. Imai, and A. Okabe.
Wayfinding with a gps-based mobile navigation
system: A comparison with maps and direct
experience. Journal of Environmental Psychology,
28(1):74–82, 2008.

[8] M.-W. Lin, Y.-M. Cheng, W. Yu, and F. E. Sandnes.
Investigation into the feasibility of using tactons to
provide navigation cues in pedestrian situations. In
OZCHI ’08, 2008.

[9] M. Madden and L. Rainie. Adults and cell phone
distractions. Technical report, Pew Research Center,
2010.

[10] C. Magnusson, K. Rassmus-Groehn, and D. Szymczak.
The influence of angle size in navigation applications
using pointing gestures. In HAID ’10, 2010.

[11] A. Oulasvirta, S. Tamminen, V. Roto, and
J. Kuorelahti. Interaction in 4-second bursts: the
fragmented nature of attentional resources in mobile
hci. In CHI ’05, 2005.

[12] M. Pielot and S. Boll. Tactile Wayfinder: comparison
of tactile waypoint navigation with commercial
pedestrian navigation systems. In Pervasive ’10, 2010.

[13] M. Pielot, N. Henze, and S. Boll. Supporting paper
map-based navigation with tactile cues. In MobileHCI
’09, 2009.

[14] M. Pielot, B. Poppinga, J. Schang, W. Heuten, and
S. Boll. A tactile compass for eyes-free pedestrian
navigation. In INTERACT ’11: 13th IFIP TCI3
Conference on Human-Computer Interaction, 2011.

[15] S. Robinson, M. Jones, P. Eslambolchilar,
R. Murray-Smith, and M. Lindborg. ”I Did It My
Way”: Moving away from the tyranny of turn-by-turn
pedestrian navigation. In MobileHCI ’10, 2010.

[16] E. Rukzio, M. Müller, and R. Hardy. Design,
implementation and evaluation of a novel public
display for pedestrian navigation: the rotating
compass. In CHI ’09, 2009.

[17] N. J. J. M. Smets, G. M. te Brake, M. A. Neerincx,
and J. Lindenberg. Effects of mobile map orientation
and tactile feedback on navigation speed and situation
awareness. In MobileHCI ’08, 2008.

[18] H. Z. Tan and A. Pentland. Tactual displays for
wearable computing. In ISWC ’97, 1997.

[19] M. Tscheligi and R. Sefelin. Mobile navigation support
for pedestrians: can it work and does it pay off?
Interactions, 13:31–33, 2006.

[20] Tsukada and Yasumura. Activebelt: Belt-type
wearable tactile display for directional navigation. In
UbiComp ’04, 2004.

[21] J. Williamson, S. Robinson, C. Stewart,
R. Murray-Smith, M. Jones, and S. Brewster. Social
gravity: a virtual elastic tether for casual,
privacy-preserving pedestrian rendezvous. In CHI ’10,
2010.


