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ABSTRACT

Two dimensional windows based interfaces may not
be gpropriate for weaable computers. In this paper
we draw on established virtual redity techniques to
design and evaluate several aternate methods for
information presentation in a weaable environment.
We find simple body-spatialised displays provide
benefits over traditional head-stabilised dsplays.
Users found the body-stabili sed displays easier to use,
more enjoyable and more intuitive, and were le to
perform significantly better on a seach task. Spatia
audio and visual cues further enhanced performance

KEYWORDS
Augmented Redity, Weaable Computing, 3D
Interfaces, Spatial Information Display

INTRODUCTION

One of the broad trends emerging in advanced
human-computer interadion is the increaing
portability of computing power. Weaable mmputers
are the next generation of portable machines. Worn
on the body they provide mnstant access to
computing and communications resources. However,
for weaable computing to be widely adopted there
are unique interface allenges that need to be solved.
One of the most important issues is how to present
and interad with information in a weaable
environment. In this paper we gply traditional virtual
redity techniques to develop and evaluate spatiali sed
interffaces for weaables and present results
comparing wser performance with these interfaceto a
more traditional weaable interface

BACKGROUND

The field of weaable computing encompasses a very
wide range of devices. In genera, a weaable
computer may be defined as a computer that is
subsumed into the personal space of the user,
controlled by the wearer and has both operational and
interactiona constancy, i.e. is aways on and aways
accesshle [1]. Weaables are typicdly compaosed of a
belt or badk padk PC, head mounted display (HMD),
wireless communicaions hardware axd an input
device such as touchpad o chording keyboard. This
configuration has been demonstrated in a number of
red world appli caions including aircraft mantainence
[2], navigational asdstance [3] and vehicle medchanics

[4]. In such applications weaables have dramaticdly
improved user performance reducing task time by
half in the case of vehicle inspedion [4].

There ae unique dcalenges in designing interfaces
for weaable @mputers. Although most current
weaable gplicaions use traditi onal two-dimensional
GUI's, these interfaces have been optimised for
desktop use ad are lessthan ided for the weaable
platform, both because of the nature of the tasks
weaables are used for and the unique input and
output devices weaables have. For example,
weaable input devices must be @le to be used with
one hand, when out of view, and at an arbitrary
orientation. Previous reseachers have used speed
[2], one handed twiddlers [5], half keyboards [6] and
dials [4] in weaable interfaces. Lesswork has been
done on the graphicd interfface Weaables
predominantly have small monoscopic head mounted
displays with limited resolution and a narrow field of
view. We ae interested in developing interface
metaphors that are idedly suited for head mounted
displays on a weaable mputer. Weaables are
currently most commonly used for data accss and
display so we have initially focussed on the problem
of 2D information presentation using a monoscopic
display. In this paper we show how spatial display
techniques can be used to improve the display of 2D
informaiton in aweaable computing environment.

SPATIAL INFORMATION DISPLAY
Information presentation using a head mounted
display has been well studied in the virtual redity
arena. Since most weaable displays are seethrough
or seearound displays, augmented redity interfaces
are most relevant to our work. In this tting
information can be presented in a mmbination of
threeways:
Head-stabilised - information is fixed to the
users viewpoint and daesn't change & the user
changes viewpoint orientation or positi on.
Body-stabili sed - information is fixed relative to
the users body position and varies as the user
changes viewpoint orientation, but not as they
change positi on.
World-stahilised - information is fixed to red
world locaions and varies as the user changes
viewpoint orientation and pasition.



Each of these presentation methods require
increasingly complex head trading technologies, as
shown in table 1.0. The registration requirements also
become more difficult progressng from heal to
world stabilised images; no registration is required
for head stahili sed images, while mmplex cdibration
techniques are required to achieve good world
stabili sation [7].

Information Presentation Tradking Required

head stabili sed None

body stabili sed Orientation

world stabili sed Position and Orientation

Table 1.0 Tracking Techndogies

Body and World stabilised information display is
attradive for a number of reasons. As Reichlen[8]
demonstrates, a body-stabili sed information space ca
overcome the resolution limitations of head mounted
displays. In his work a user weas a head mounted
display while seded on arotatable chair. By tradking
head arientation the user experiences a hemispherica
information surround - in effed a “hurdred milli on
pixel display”. World-stabilised information allows
annotating the red world with context dependent data
and creding information enriched environments [9].
This increases the intuitiveness of red world tasks.
For example, Rekimoto uses world-stabili sed virtual
tags to label parts of red world ojeds [10] while
reseachers at the University of North Carolina
register virtual fetal ultrasound views on the
womb[11]. In general spatial information displays
enable humans to use their innate spatial abiliti es to
retrieve and locdise information. They aso alow
other cues suich as spatidised audio, virtua
annotations and stereopsis to aid performance.

In a weaable setting, spatial information display can
be used to overcome the resolution and field of view
limitations of the HMD and provide information
overlay on the surrounding environment. This is
important because the information presented on a
weaable is often intimately linked to the users red
world locaion and task. Despite these alvantages,
most weaables only use head-stabili sed information
display. A notable exception to this is the work of
Feiner et. a. [3] who have developed a weaable
campus havigation aid that displays world-stabili sed
virtual labels on surrounding buildings. Although rot
in a weaable environment, Feiner et. al. [12] have
aso demonstrated 2D head-, body- and world-
stabilised windows in an augmented redity
environment. This extended their previous work
which the combined a head-stabili sed virtual display
with a laptop screen to overcome the size limitations
of the screen [13].

To date there have been no usability studies sowing
the usefulnessof spatialised information display on a

weaable computer. In this paper we provide an
empiricd comparison between information display
types and compare user task performance on the same
task with different display styles. We focus on
comparing body-stabilised to heal-stabili sed
information presentation and aso examine how
audio-visual spatial cues can be alded to bod/-
stabili sed spaces to further improve performance.

A WEARABLE INFORMATION SPACE

In our work we have cosen to begin with the
simplest form of body-stabilised display; one which
uses one degree of orientational freedom to give the
user the impresson they are surrounded by a virtual
cylinder of information. Figure 1.0 contrasts this with
the traditional heal stabilised weaable information
presentation.

Head-Stabili sed

Body-Stabili sed

Figure 1.0 Head Sabili sed vs. One Degreeof
Freedom Body-Sabili sed Display

A one degreeof freedom spatial display has a number
of advantages:
*  Userscannot become eaily disoriented
* No additional input devices are needed
* Itisnatura to use since most head and body
motion is about the verticd axis.

A head mounted display allows only the portion of
the information spacein it's field of view to be seen.
Thus, there ae two ways the data can be viewed in a
cylindricd body-stabilised space by rotating the
information space #out the users heal, or traking
the users head as they look about the space The first
requires no additiona hardware and can be done by
mapping mouse, switch or voice input to dredion
and angle of rotation, while the second reguires only
a simple one degree of freedom tracker. The minimal
hardware requirements make olindricd spatial
information displays particularly attradive. In this
paper we mmpare both interadions methods to eadh
other and to information presented in a hea
stabili sed manner. The gylindricd display space &so
allows us to use audio and visual spatial cues to aid
performance which we describe in the later half of the

paper.

IMPLEMENTATION

This reseach was conducted on a austom built 586
weagable PC with 20mb of RAM runring Windows
‘95. A hand held Logitech wireless radio tradkball



with three buttons was used as the primary input
device Thedisplay was a pair of Virtual i-O iglasss!

converted into a monoscopic display by the removal

of the left eyepiece The Virtual i-O head mounted
display can either be used in seethrough or ocduded
mode, has a resolution of 262 by 200 pxels and a 30
degree field of view. The iglases! also have a
sourceless inertial and gyroscopic three degree of
freedom orientation tradker. Figure 2.0 shows a user
weaing the display and wearable computer.

F A
Figure 2.0 The Wearable Interface

For the purpose of our user studies, a simulated bod/-
stabilised information space was creaed by texture
mapping images to pdygons placal in a ¢/linder
around the wusers viewpoint. Heal-stabilised
information was diown as a stadk of texture maps
attached to the user's view point. The Dired3D
graphics library was used and the interface was
deliberately kept simple becaise the weaable has no
graphics accéeration hardware. With eight sample
images the simulation ran at over 15 frames a seand.

SPATIAL DISPLAY EXPERIMENTS

In the following sedions we describe two
experiments with our weaable interface The first
examines display performance dfeds and the second
the benefit of spatial cues.

Expt 1: Display Performance Effects

In the first experiment we mmpare how easily users
can find information from eight pages of data
displayed in the foll owing conditi ons:

A) Multiple head-stabilised pages: All the pages are
stacked on top d one awother so that only the top
most page is visible. When the user holds the right
trackball button down and rolls the tracball in the
positive or negative Y diredion they scroll forwards
and badkwards at a mnstant rate through the stad of
pages. The pages are dtached to the users viewpoint
so changing head orientation hes no effed on page
shown.

B) Cylindrical with trackball control: Pages are
spacel equally about the surfaceof a body-stabili sed

cylinder with the user at the cettre. Holding the right
tradkball button down and rolli ng the tradball in the
positive or negative X diredion rotates the o/linder
clockwise or counter clockwise & a @nstant rate
about the users heal. The heal tradker is not used so
head rotation has no effed on viewpaint.

C) Cylindrical with head tracking: Pages are
displayed on the surface of a g/lindricd space &
above. When the right trackball button is held down,
the yaw angle of the user head motion is measured by
the head tradker and used to set the camera viewpoint
rotation about the verticd axis. Head motions in other
diredions (pitch and roll) have no effed on the
viewpoint.

Condition A simulates how data is displayed in most
current weaable gplicaions. In all conditions the
pages are eadly the same size A snap-to function
was used in the g/lindricad conditions (B and C) so
that when the user released the right button the view
would snap to the page taking yp most of the visual
field. This was to ensure that when the user stopped
manipulating the o/lindrica spacethey could only see
one page, just as in the head-stabili sed condition.

Experimental Task

Since many weaable gplicaions involve data
display and retrieval, the subjed’s task was to find
which page ontained a cetain target icon. Eight
pages of unique graphicd icons were used with five
icons gown on ead page. A heal-stabili sed target
icon was shown in the upper right hand corner of the
users display and was visible & all times. Figure 4.0
shows a sample page with target icon.

Figure 4.0 Sanple Page with Target Image

In al conditions the trackball buttons were used to
start and stop user interadion. When the user released
the right trackball button and clicked the midde
button the target icon was compared to those on the
currently visible page. If there was a match a new
target icon was automaticdly displayed, otherwise the
current icon remained. A set of eight target icons



were used for ead condition and time measurements
were taken between button presses to measure seach
time.

Twelve subjeds took part in the experiment, seven
males and five females aged between 19 and 35
Some of the subjeds had experience of virtual
environments, but none had used a weaable
computer before. Subjeds were given a standardised
test of spatial ability [14] and all had normal natural
or correded eyesight and normal heaing. Subjeds
were dso al right-eye dominant, the eye covered by
the monoscopic display. To begin the eperiment
they were given several minutes training with ead
condition urtil they felt comfortable with the
interface While training, a cdibration routine
measured the anount of time it took ead subjed to
view al the pages under ead condition. A Latin
squares design was then uwsed; al subjeds
experienced al three onditions, but in a different
order to minimise order effeds. Three sets of eight
target icons and corresponding pages were aeded
and eadt subjed used the same set of icons. Although
the image sets were different, the target icons
occurred inthe same order in al image sets.

For eat display conditi on subjeds were given a total
of three minutes to complete two tasks. First they
were to find ead of the aght targets as quickly as
possble ad time to complete eab seach was
measured. After completing the search they were to
use the remainder of the time to remember the order
of the pages in the information space Following eah
conditi on subjeds were tested on the workload of the
task using a the NASA standardised workload
assessment battery which asked questions about
mental, physicd, temporal and emotional effort
during the task [15]. They were dso tested on their
recdl of the information spaceby giving them a set of
paper images of the pages they had just seen and
asking them to placethe pages in either a stadk or
cylinder corresponding to the space they had just
experienced. After completing all three trials users
were given a post experiment and asked to rate eat
condition acording to ease of use and understanding
of where the information was. The cmplete post
experiment questionnaire is iown in appendix A.

Results

Performance

The threedisplay conditions had dfferent amounts of
inherent system delays, for example ondition C
required pdling the heal tracker. A simple
normalisation technique was used to produce
performance values that could be mmpared aaoss
conditions. The average time it took ead subjed to
view the aentire information spaceunder ead display
condition was measured during the training and pre-
experiment cdibration period. After the experiment,

the subjed’s performancetime for ead condition was
then divided by this normalising fador. In cdculating
the average search time, the first result from ead trial
was also dscaded to ensure that subjeds were
always gdarting their seach from the same point; the
locaion of thefirst target objed.

Users performed significantly faster in the two body-
stabilised display conditions (B and C). Table 2.0
shows the resulting original average seach times,
cdibration values and normalised vaues for ead
condition. Although subjeds performed cuicker in
the heal stabilised condition (condition A), there
were lessinherent delays in this condition, shown by
the cdibration times. Thus the normali sed values give
a better indication of relative performance A one
fador ANOVA on the normalised result found these
to be significantly different aaoss conditions (F =
4.88, df = (2,24), p=0.016, Fcrit = 3.40). If the system
delays in ead condition had been the same then
subjeds would have performed one and a half times
faster with body-stabilised information spaces that
with atraditional head-stabili sed interface There was
no dfferencein performance between body-stabili sed
conditions and no significant correlation between
spatial ability and search times or normali sed values.

Display Condition
Results A B ©
Avge. Search Time 6.07 8.33 8.06
Avge. Calibration Time 7.18 | 14.31 134
Normalised Result 0.91 0.59 0.68

Table 2.0 Average original search times
(semnds) and namalised values.

Information Recall

Subjeds found it easier to recdl the information
spacein the head-tradked condition than in the other
conditions. Only two out of the twelve page layouts
for this condition were incorred, as oppcsed to five
ead for the non-heal tracked spatial display and the
head-stabilised display. Subjeds commented that it
was easy to remember the page ordering in the head
tracked condition becaise the pages always dayed in
a fixed pasition with resped to their body. In some
cases they used red world oljeds which could be
seen through the display to help them remember the
locdion of the virtual pages.

Workload

Subjeds felt the head tradked condition involved
significantly more physicd work than the other
display conditions. In response to the question, “How
much physicd adivity was involved?’, on a scde of
1 to 9 (1=low, 9=high) subjeds gave the average
scores sown in table 5.0. As expeded subjeds found
the heal tradked condition more physicdly
demanding, a one fador ANOVA finds a highly
significant difference between conditions, [F = 8.70,



df = (2,33), p < 0.0001, Fcrit = 3.28]. There was no
significant difference acoss any of the other
workload survey questions.

A B C
Physical Work 2.44 2.0 4.67
Table 5.0 Average Physical Workload

Subjedive Impressons

Users felt the gpatialised conditions more enjoyable,
intuitive and easier to find the target objeds with.
Table 6.0 summarises the aserage values given for
the first four post experiment survey questions. In
these questions aibjeds were aked to score
conditions on how easy it was to find the target, to
remember where dl the information was, how
enjoyable it was, and how intuitive the interfacewas.
They were asked to score the answers on Likert scdes
with anchors of 1 at the negative end and 7 at the
positive end. The @mplete survey is down in
appendix A. There was a significant difference acoss
conditions for responses to questions on how easy is
was to find the target, how enjoyable it was, and how
intuitive it was. Comparing between body stabili sed
conditions, a one-tail ed ttest finds that subjeds felt it
eaier to find target with the tradkball control than
head tracing (t = 1.83, df = 16, p=0.043 tcrit =
1.75). There were no other significant differences
between spatiali sed conditi ons.

Conditions ANOVA
Questions A B C P value
Find Target* 3.6 5| 43 p<0.01
Remember 38| 47| 46 p=0.32
Enjoyable* 33| 48| 44 p<0.05
Intuitive* 43| 49| 55 p<0.025

Table 6.0 Resporsesto SuveyQuestions 1-4.
For the ANOVA, in dl casesthe df = (2,33)
andFcrit = 3.28. Sarred values are significant.

Subjeds were dso asked to rank ead condition in
order for the same questions, where the best condition
was ranked first and the worst last. Subjeds rankings
were significantly different acossconditions for how
easy it was to find the target, whether they understood
where dl the information was, and how intuitive the
interface was. In al cases subjeds ranked the
spatialised conditions (B and C) better than the head-
stabilised condition (A). Table 7.0 summaries the
average rankings, the asociated Kruskal-Wallis
scores (K values) and significancelevels.

Rank Display Condition| K P
Questions A B C | Value | Values
Easiest* 2.75| 15| 1.75| 10.5|p<0.01
Liked Best 2.50| 1.75| 1.75 4.5|p<0.20
Understanding* | 2.97| 1.75[ 1.33] 16.2|p<0.001
Intuitive* 2.67| 2.08| 1.25| 12.2|p<0.005

Table 7.0 Average Condtion Rankings, asciated
Kruskal-Walli s Scores and significancelevds.
The significant values are starred.

As with the first set of questions, subjeds found the
head-tradked condition most intuitive. They also felt
the body-stabilized conditions gave a better
understanding of where dl the information was in the

display space

Discussion

In thisfirst experiment we explored user performance
on a seach task within head-stabilised and bod/-
stabilised information displays. Users performed
better in the body-stabili sed conditi ons (taking system
delays into acount), and also perceved that it was
easier to find the target information in such
conditions. This performance improvement happened
becaise users had a better understanding of where
pages were and also could see upcoming pages as
they rotated their viewpoint.

Although there was no performance difference
between body-stabilised conditions, many users
commented that they found the head-tradked
condition more intuitive axd natural to use. Hea
tradking was particularly valuable for recdl becaise
users could remember where the information was
located relative to their bodes. Severa users
commented on how the heal trading all owed them to
asciate pages with red world ohjeds. However
users found it more physicdly demanding and some
commented on the social acceptability of using read
motionsin public spaces.

Expt 2: Spatial Display Enhancements

An advantage of using spatiaised dsplays is that
additional audio and visual spatiad cues can be
presented to aid performance [16], [17], [18]. In this
seoond experiment we examined how spatial cues
could affea performance in a heal-tracked body-
stabilised dsplay. In addition to the head tradker
body-stabili sed condition (condition A) described in
experiment 1, threeother conditi ons were tested:

B) Spdialised audo: A hea tradked cylindricd
body-stabilised dsplay with a three dimensional
spatialised audio cue played at the location of the
target page. The audio cue wmnsisted of a sample of
white noise. The egual frequency distribution of white
noise makes it easy to locdise[19].

C) Visual cues: A hea tracked cylindricd body-
stabili sed display with head-stabili sed arrows overlaid
on the users field of view to show them which way
they should turn their heads. When the target is closer
in the dockwise diredion, the right arrow is sown,
and the left when it is closer in the counter clockwise
diredion. A square between the arows changes
colour when the user is looking diredly at the target.
Figure 5.0 shows the visual cues.

D) Visual cues and spatialised audo: A hea tracked
cylindricd body-stabilised display with the adition



of bath head-stabili sed arrows and spatialised audio
cues described above.

* BN A

= @

Figure 5.0 Additiond Visual Cues

A

Head tracking was used in al four conditions, but the
same spatial cues could have been applied to a non-
head tracked bod/-stabilised dsplay such as
condition B in the last experiment.

Red time audio spatiali sation was performed entirely
on the weaable's CPU, causing a significant drop in
graphics performance To remove frame rate dfeds,
gpatialised audio was played in al conditions, but the
head mount spekers were disconneded for the non-
audio conditions. This ensured a @nstant frame rate
aaossall conditions.

The same set of subjeds used in the first experiment
was used in the second and the task was the same,
although rew sets of target icons and pages were
used. Once aain, after the etire experiment they
answered the same survey questions listed in
appendix A, modified to have four conditions for
ead question. Subjeds were not asked to reaede the
information space & in the first experiment.

Results

Performance

Adding spatial cues sgnificantly aided performance
Figure 6.0 shows the arerage seach times are 35
percent faster with ead of the audio and visua cue
conditions than with no additional cues. A one-fador
ANOVA finds a dignificant difference between
conditions (F = 8.05, df = (3,44), p < 0.000%, Fcrit =
2.81), but there was no dfference in performance
between spatial cues (conditions B, C and D), (F =
0.03, df = (2,44), p =0.96, Fcrit = 3.28). Subjeds
took the same amount of time regardlessof the spatial
cue used.

Effect of Spatial Cues
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Figure 6.0 The Effed of Spdial Cues
on Performance Times.

There was a significant correlation between spatial
ability and performance when using audio-only cues
(R = -0.61, df = 12, p<0.05). Subjeds with higher
gpatial ability completed the task in less time.
However there was no correlation between spatial
ability and performance on any of the other
conditions. This may be because aspatial audio cue
reguires the user to form an acarrate mental model of
the information spacerelative to the audio source A
visual annotation provides a more immediate ae
which reguires fewer mental spatial manipulations.

Subjedive Impressons

Users felt that spatial cues made significantly easier
to find the target, and made the interface more
intuitive to use. Table 8.0 summarises the average
scores from the first four questions of the post
experiment survey and the crresponding one fador
ANOVA values. For the question on how easy it was
to find the target, there was aso a significant
difference between spatial cue mnditions, (F = 4.13,
df = (2,33), p = 0.025, Fcrit = 32.8). Subjeds felt it
easier to find the target when there were spatial audio
cues, even though there was no dfference in
performance between cue nditions.

Cue Conditions ANOVA
Questions A B © D P value
Find Target* 33| 54| 45| 5.8 | p<0.001
Remember 40| 33| 31| 32| p=0.22
Enjoyable 38| 48| 46| 49| p=0.16
Intuitive* 41| 53] 45| 54| p<0.05

Table 8.0 Resporsesto SuveyQuestions 1-4. For
the ANOVA, in dl casesthe df = (3,44) and
Ferit = 2.81. Sarred values are significant.

Subjeds also ranked the aue mnditions in order for
the same questions. Rankings were only significantly
different aaoss conditions for the question of how
easy it was to find the target. In all cases subjeds
ranked the spatialised audio conditions better than the
other conditions, but not significantly so. Table 8.0



summarises the average rankings and the a&ciated
Kruskal-Walli sK scores and significancelevels.

Rank Condition K P
Questions A | B | C | D|Value|Value
Easiest* 3.3] 21| 2.7/1.9| 8.9 |p<0.05
Liked Best 3.1 21| 2.8/21] 4.6 |p<0.20
Understanding | 2.5| 2.2| 2.7|{2.6] 0.8 |p<0.9
Intuitive 3.3] 19| 2.7/2.2| 7.5 |p<0.1

Table 8.0 Average Condtion Rankings, associated
Kruskal-Walli s Scores and Sgnificance Levds.
Sgnificant values are starr ed.

Discussion

As expeded spatial cues sgnificantly helped task
performance More interestingy there was no
difference in performance despite the dissmilar
nature of the aies. The audio cues gave asolute
target location information, telling the user which
diredion they needed to rotate their head and by how
much. In contrast, the visual annotations only gave
relative information about target locaion, showing
the user which way they needed to rotate axd when
they had arrived at the target page. Audio cues aso
rely on a different sense than the visual cues, and
some users commented on the etra visud
overloading that the visual cues caused. This may
explain why users felt they performed better in the
conditions using audio cues (B and D). Several users
also mentioned that they found it difficult when both
visual and auditory cues were used together and often
concentrated on only one of the aues.

However, the aldition of spatial cues didn’t increase
the understanding that users had of the information
space Users commented on how they attended to the
spatial cues rather than the pages when seaching for
targets, affeding krowledge of the space

CONCLUSIONS

In this paper we aldressed the problem of weaable
information displays and have shown how even
simple spatiaised dsplays provide benefits over
traditional head-stabili sed displays. Users found the
body-stabili sed displays easier to use, more enjoyable
and more intuitive, and were le to perform
significantly better on a seach task. The fad that
there was no dfference in results between the heal-
tradked and non-head tradked methods of viewing the
display spaceimply that these benefits come from the
spatialisation of the information itself and can be
achieved with no additional head tradking hardware.
However user preferences and information recdl
results suggest that there may be types of spatial
interfaces and tasks where head trading is desirable.
This warrants further investigation.

Adding spatial cues to the body-stabilised display
dramaticdly improved performance. Audio or visual
spatial cues bath gve the same performance benefit,

although spatialised audio caused a significant
graphics performance deaease due to increased CPU
load, suggesting that visual cues may be more
pradicd for current weaable gplications.

These results are only the first in a series of
explorations on weaable information displays. In the
future we plan to implement some red applicaionsin
a body-stahili sed space ad look at long term use. We
will also explore spaces with additional degrees of
freedom and different forms of visual and audio cues,
including adding absolute information to visual cues
and varying sound sources for audio cues. Finaly, we
will investigate how visual and audio cues can be
combined in a more intuitive manner, such as using
audio for coarse periphera navigation and visual cues
for seledion among objedsin thefield of view.
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APPENDIX A: POST EXPERIMENT SURVEY
After the two experiments subjed were given the
following post experiment survey.

For experiment two the conditi ons were modified to:
A - head tradked information display

B - heal tradked information display with audio cues
C - hed tradked information display with visual cues
D - hed traded information display with audio and
visual cues.

The questions were dso modified to score answers
for ead of the four conditi ons.

You have just finished an experiment on weaable
information displays with three onditions:

A - head stahili sed information display
B - cylindricd information display with mouse input
C - cylindricd information display with head tracking

For eat of these conditions please aswer the
foll owing questions:

1) How easy wasit to find the target?
1 2 3 4 5 6 7
1=not very easy 7=very essy

For the head stabili sed condition (A):
For the g/lindricd condition with mouse input (B):
For the head tradked condition (C):

2) How easy was it to remember where all the
information was in the information space?

1 2 3 4 5 6 7

1=not very easy 7=very essy

For the head stabili sed condition (A):
For the g/lindricd condition with mouse input (B):
For the head tradked condition (C):

3) How enjoyable was this condtion?
1 2 3 4 5 6 7
1=not very enjoyable 7=very enjoyable

For the head stabili sed condition (A):
For the g/lindricad condition with mouse input (B):
For the head tradked condition (C):

4) How intuitivewas the interfaceto use?
1 2 3 4 5 6 7
1=not very intuitive 7=very intuitive

For the head stabili sed condition (A):
For the g/lindricad condition with mouse input (B):
For the head tradked condition (C):

PART B

For the foll owing questions you will be asked to rank
al the conditions in order on a scde of one to three
and give abrief explanation for the ranking. The three
conditi ons were;

A - head stahili sed information display
B - cylindricd information display with mouse input
C - cylindricd information display with head tracking

1) Which condition was easiest to find target (1 =
eaiest, 3 = hardest)
A: B: C:
2) Which condition did you like the best (1 = most
enjoyable, 3 = least enjoyable
A: B: C:

3) Which condition did you fed like you had the most
understanding of where dl the information was (1 =
most understanding, 3 = least understanding)

A: B: C:
4) Which condition had most intuitive interface(1 =
most intuitive, 3 = least intuitive)

A: B: C:



