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Figure 3: The experiment setup for the haptic belt condition. Participants wore a video see-through HMD
and were tracked with a Flock of Birds magnetic tracker.

The user’s head orientation and the haptic belt were tracked
with a Flock of Birds magnetic tracker with a resolution of
0.1! and an accuracy of 0.5!. Only yaw information was
used to overlay AR content onto the HMD.

4.3 Participants
We had 14 participants ranging from 20 to 45 years, all
students at the University of Canterbury. 11 were male, 3
were female. 3 of them had used VR systems before, and
none of them had experienced AR before.

4.4 Results
The two circular compasses performed best of all the inter-
faces. They were faster, resulted in fewer overshootings and
were preferred by the participants.

4.4.1 Task Completion Time
The fastest interface was the HUD compass, closely followed
by the perspective compass. As expected, the “no help”
condition showed the slowest performance. An analysis of
variance shows a significant di!erence between the interfaces
(F (6, 90) = 10.44, p < 0.001). Figure 4(a) shows the average
turning speed for each interface in milliseconds per degree.

The average task completion times split up by target dis-
tance and interface are plotted in figure 4(d). We can see
that the two compass interfaces both performed about a
second faster for each target direction than the “no help”
condition. Linear regression can show for 4 of the interfaces
that they have linear performance, as shown in table 1.

4.4.2 Overshooting
The results were even more dramatic for overshooting. Again,
the two circular compasses performed best, and there was
a significant di!erence between the interfaces (F (6, 90) =
5.11, p < 0.001) (see figure 4(b)). These results mean that a
user would overshoot once in 100 tasks when using the HUD
compass compared to 27 times in 100 when using left/right
arrows.

While overshooting is not a problem for target acquisition
using a mouse or a similar interface, it is desirable to min-
imize unnecessary head movement. To stay focused and
avoid disorientation – especially with a significantly reduced

field of view – the AR system needs to guide the user in
such a way as to avoid unnecessary head movement. The
two circular compasses achieve near-perfect performance for
this.

As opposed to the two circular compasses, there was high
variance across the other interfaces.

4.4.3 Subjective Measures
The subjective measures generally agreed with the objective
results that we have just described. We asked our partici-
pants to rank the interfaces from 1 (“liked best”) to 7 (“liked
least”). A Friedman test showed that there was a significant
di!erence between the interfaces (!2

r = 47.18, df = 6, N =
13, p < 0.001), again, with the two circular compasses per-
forming best (see figure 4(c)).

We asked the participants four questions for each interface
which they answered on a Likert scale from 1 (“disagree”) to
7 (“agree”). Friedman tests showed that there was a signif-
icant di!erence between the interfaces for each of the ques-
tions, with the HUD compass always rated best and the per-
spective compass always rated second best. The questions
were “I performed well” (!2

r = 39.24, df = 6, N = 13, p <
0.0001), “I found the task easy to complete with this inter-
face.” (!2

r = 40.45, df = 6, N = 12, p < 0.0001), “It was
always easy to understand and follow the directions from
the interface.” (!2

r = 32.74, df = 6, N = 12, p < 0.0001) and
“I felt comfortable using the interface.” (!2

r = 26.49, df =
6, N = 12, p < 0.0001).

The comments participants made also agreed with the sta-
tistical data. Several users commented on the sudden ease of
direction finding when switching to one of the circular com-
passes for the first time, saying “oh, this is much better” and
so on. The circular compasses received overwhelmingly pos-
itive comments such as “[it] tells you exactly where to turn
before you turn”, “[it was] very easy to follow”, “perfect” and
so on. The markings on the circular compasses were also well
received with several comments such as “the FOV [marking]
was very helpful and stopped me from overshooting” and
“having the 90! and 180! markers were helpful”. Some par-
ticipants also highlighted issues with the perspective com-
pass as compared to the HUD version with comments such
as“it was distorted a bit, so I found it harder to tell the exact



(a) Normalized means for millisec-
onds per degree for each interface.

(b) Average number of overshoot-
ings per task for each interface.

(c) Ranking from 1 “liked best” to 7
“liked least”.

(d) A time/degree diagram for the interfaces. Only some interfaces have error bars to avoid clutter.

Figure 4: The quantitative measures

point I was turning to” and “had to ‘read’ the perspective a
little more”. One participant noted that the HUD compass
took up a lot of screen real estate as compared to the other
interfaces.

The other visual interfaces did not receive such positive
comments, with several participants noting that with the
left/right arrows, they “didn’t know how far to turn”. The
horizontal compass was called“confusing”and“troublesome”
by most participants, with some noting that they “might
get better with practice” or that it was “good practice for
[their] brain”. One of the participants strongly preferred the
horizontal compass and even ranked it the highest. Coin-
cidentally, he was the second slowest participant with this
interface.

The non-visual cues also received mixed comments. Spa-
tial audio was not perceived as an e!cient interface, with
several stating that “it was hard to tell where exactly the
noise was coming from” and others making comments such
as “confusing when target is behind”. Several participants
also noted that they did not like the audio sample or that
this interface would interfere with conversations or listening

to music. However, one of the participants noted that this
was the least obtrusive interface.

Opinions on the haptic belt were more divided. While some
found the interface“fun”and“easy to follow”, several partici-
pants said that they felt “uncomfortable”or“slightly uncom-
fortable”. Others noted the problems that we encountered
while building the belt: “some parts of the body feel [the]
motor [more strongly] than others. So [the] signal is stronger
in di"erent directions.” A few participants commented on
the low resolution of the device: “it didn’t tell me exactly
where the target was, it only guided me in the general direc-
tion.” and “ambiguous vibrations when the target is close”.

5. DISCUSSION
The two circular compasses are the obvious winners of this
formal comparison. They have not only been shown to per-
form significantly better than most of the other interfaces,
but they have also been rated best by the participants. The
results from these conditions also have relatively small vari-
ance, showing that most participants were equally able to
use them.



Table 1: Regression Analysis results
interface R2 p a b

HUD compass 0.97 < 0.05 5.08 690.00
perspective compass 0.98 < 0.01 4.88 802.85

left/right arrows 0.94 < 0.05 10.17 798.41
haptic 0.91 < 0.05 7.03 1150.87

5.1 Haptic Belt
It is notable that the haptic belt showed relatively large
variance in its performance. We believe that there are four
possible main reasons for this. Firstly, the belt had by far
the lowest resolution of the interfaces that provided angu-
lar information. Compared to the belt’s six actuators, the
horizontal compass, for example, had a 133 times better res-
olution. Considering its low resolution, the belt performed
surprisingly well. Secondly, the haptic actuators had to be
adjusted for each participant, so that they were positioned at
the same angular direction. The largest participant needed
a belt 20cm longer than the thinnest participant did. We
positioned the actuators according to the diagram shown in
figure 2(b), but did not perform accurate calibration. We
believed that this better reflects how the belt would be used
in practice. In hindsight, accurate calibration would have
been preferable. Another possible contributing factor was
the relative inexperience of the participants with such a de-
vice. Most people will not have much practice in quickly
orienting themselves towards the direction of a haptic sig-
nal. Thus, the perceived relation between their waist and the
real world coordinates might be distorted. This is a factor
that can be reduced by training. Another possible factor
is the resolution of haptic sensors in the waist area. It is
possible that we cannot physically di!erentiate well enough
between the signals, making accurate perception of the sig-
nal impossible. This is especially true for vibration, which
can be felt over a larger area than other stimuli such as taps.
While we tried to drive the actuators so that hey tap rather
than vibrate, vibration could still be felt, which may have
made perception of the stimuli less precise. Unfortunately,
although miniature vibrators are readily available – such as
the ones used in cell phones – we have not found o!-the-shelf
tapping actuators.

We believe that the performance with the haptic belt could
be improved by making the above modifications. However,
to be a practical solution, the device will need an accurate
calibration procedure that is not prohibitive in everyday use.
Based on our results and the costs incurred by the addi-
tional tracking and calibration requirements, we conclude
that the belt is not an alternative to visual directional inter-
faces. However, we were able to confirm previous findings
that haptic belts do work, and we believe that the may be
helpful to blind users or in situations where HMDs cannot
be used.

5.2 Audio Beacon
As shown in figure 4(d), the audio beacon was most e"-
cient for 90! and !90! turns, which was to be expected. In
these locations, there is the least ambiguity in audio beacons.
There was a sharp rise in task completion time for the au-
dio beacon placed at 180!, making this condition the worst

for this target. An audio beacon at this location sounds ex-
actly the same for each ear, apparently causing confusion
for our participants. We noticed during the experiment that
most of the participants initially did not turn in either direc-
tion when this stimulus was provided. Instead, they tried to
find out which side the sound was coming from before they
started to turn. Since the sound provided to each ear was
near identical, this condition proved to be somewhat like a
deadlock.

It should also be noted that the data collected for the 180!

direction may not be as reliable as for the other directions,
as the sample size here is only half the size as for the other
directions. This is because this direction was not mirrored
as the other ones.

5.3 Horizontal Compass
While the horizontal compass performed slightly worse than
most other interfaces, we believe that its performance may
be greatly improved. Our research focused on visualizing
targets outside the user’s field of view, and thus we only
concerned ourselves with the portion of the horizontal com-
pass that was outside the user’s field of view, creating an
interface that works similar to a rear-view mirror. While it
was straightforward to explain the other interfaces to our
participants, the horizontal compass was di"cult to explain
and tricky to master. We now believe that a more traditional
horizontal compass such as the one originally described by
[13] would be more e"cient. The scale could also be ex-
tended to cover all 360 degrees. Further research will be
necessary to compare the performance of this interface to
that of the circular compasses.

5.4 Future Work
As already pointed out, we would like to revisit the horizon-
tal compass.

Another important question is how directional interfaces can
be integrated in wearable outdoor AR systems. The inter-
face that showed the best performance in our experiment
occupied a rather large and obtrusive area in the centre of
the screen. This is not ideal for regular use. We will have to
find out how small the compass can be made, if it has to be
centered horizontally, and if it should be on the screen all
the time or only when the target is not in view. If the re-
vised horizontal compass performs comparably, then we will
investigate its performance for everyday use, as its shape
allows for better integration into screen-based interfaces.

While this question is outside the scope of our work, it would
also be important to investigate how a directional interface
can be integrated with a contextual interface such as a map.
This would allow us to explore which interface would allow



users to understand the direction of more than one target,
and how many targets each interface could support.

6. CONCLUSION
We have surveyed directional interfaces for wearable Aug-
mented Reality and found a variety of directional cues in the
research literature. No comprehensive comparative study
had been undertaken before.

We have developed and formally compared six directional in-
terfaces for target searching in AR, and we have found that a
solution using a circular compass is significantly better than
the other interfaces. We have found that it is necessary to
add a visualisation of the user’s field of view to the compass
to make it an e!cient cue.

We have developed and tested a haptic belt as a directional
interface. While the belt did not perform as well as the
circular compass, it performed as well as the other interfaces,
and we believe it may be a viable option for systems that
require non-visual interfaces, such as systems for the blind.

In conclusion, this paper o"ers a comprehensive formal com-
parison of a variety of directional interfaces. Developers of
wearable AR systems will be able to use this study as a
guideline when choosing an interface that suits their need.
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