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Purpose

Assistive technology for way nding will signi cantly impr ove the quality of life
for many individuals with cognitive impairments. The user interface of such a
system is as crucial as the underlying implementation and loalisation technol-
ogy. We studied the user interface of an indoor navigation sgtem for individuals
with cognitive impairments.

Method

We built a system using the Wizard-of-Oz technique that let us experiment
with many guidance strategies and interface modalities. Though user stud-
ies, we evaluated various con gurations of the user interfae for accuracy of
route completion, time to completion, and user preferencesWe used a counter-
balanced design that included di erent modalities (images audio, and text) and
di erent routes.



Results

We found that although users were able to use all types of moddies to nd
their way indoors, they varied signi cantly in their prefer red modalities. We
also found that timing of directions requires careful attertion, as does providing
users with con rmation messages at appropriate times.

Conclusions

Our ndings suggest that the ability to adapt indoor way ndi ng devices for
speci c users' preferences and needs will be particularlymportant.

1 Introduction

This paper describes the insights and feedback received fo a user study of
a way nding system prototype that is designed for individuals with cognitive
impairments, such as traumatic brain injury, cerebral palsy, mental retardation,
and Alzheimer's disease. We are targeting users who are mdbiand need to
travel through both indoor and outdoor environments for work, shopping, so-
cialising, therapy, and other purposes [1]. The results frm our study begin to
address the question of what kinds of modalities and directin-giving strategies
[11, 20] are e ective for individuals with cognitive impair ments.

We developed a Wizard-of-Oz infrastructure so that potential users could
walk through a realistic experience of using a way nding sysem without all
parts of the system being fully implemented. This prototyping approach is
particularly important in collaborative, iterative desig n with individuals with
cognitive impairments, because simply “thinking through' designs on paper is
rarely e ective [8].

Di culties in way nding diminish the quality of life of many individuals with
cognitive impairments who are otherwise physically mobile For example, an
adult with mental retardation may be capable of holding a regular job, but may
have di culty in taking public transit to and from work. Rema ining oriented
in indoor spaces may also be a challenge, for example, in an e@e building, a
shopping mall, or a hospital. Current methods for aiding pegle with way nding
are labour-intensive. For example, a job coach from an emplgment agency, who
works with individuals with cognitive impairments to suppo rt them in learning
new jobs and maintaining paid employment, may work for months helping a
person learn how to travel to and from work, and even then, theindividual
may at times still require assistance. As a result, the majoity of otherwise-
employable persons with cognitive impairments remain unemloyed [4], rarely
access appropriate community services, and are sociallyatated [18].

The growing recognition that assistive technology can be deeloped for cog-
nitive as well as physical impairments [12] has led severalesearch groups to
prototype way nding systems. The Nursebot project [16] denonstrated a robot
that would physically guide an elderly person within an asssted living home.
Researchers at the University of Colorado have designed anrehitecture for



delivering just-in-time transit directions to a PDA carrie d by bus users, using
GPS and wireless technology installed on the buses [3]. Thegsisted Cognition
Project at the University of Washington has developed algoithms that learn a
user model in order to infer when the user needs help [9]. A ptotype system,
Opportunity Knocks, demonstrated the feasibility of using machine learning in
an assisted cognition system, but the parts of the user intdiace that involved
delivering prompts were not well developed [15]. The currenpaper presents one
step in creating a truly usable interface for a system like Oportunity Knocks.

Our system's design draws upon psychological models of spgat navigation
[6, 13], usability studies of interfaces by people with cogitive impairments [19],
and interviews we conducted with individuals with impairments and their care-
givers regarding way nding [1]. We have also adapted ideasrbm commercial
automobile navigation systems, such as displaying arrowsni perspective view
(e.g. products by Garmin or Magellan), and GPS systems for kihd users that
employ voice prompts (e.g. products by VisuAid or Pulse Datg. Although this
paper focuses on a system for people with cognitive impairnmgs, it is likely
that a design that requires low cognitive overhead will alsobe attractive to
many users without impairments. The lessons learned from oustudy may well
be useful, for example, in tour guide systems [5] and generé&dcation-aware ap-
plications [7]. The results from our study were summarisedn [10] and presented
here in detail.

2 Prototype design

We designed an interface suitable for use on a handheld dew¢csuch as a PDA,
to send directions and prompts to the user. We will use the tem messages
to describe any information that the interface intends to convey to the user,
directions to describe messages that guide the user through some pathnd the
term prompts to describe messages that are triggered in order to help theser
return to a path.

Both directions and prompts consist of a subset of images, alio, and text
messages. The design was a result of several rounds of pilasting involving
members of our research group and job coaches from a commuypibased reha-
bilitation program. Job coaches were able to consider the neds of their clients
when evaluating the system. Based on the pilot tests, we re ed the types of
images presented and the wording of the audio and text messag.

Images: We use four types of images: photos, arrows and other generic
symbols, photos with overlaid arrows, and photos with an outined area (See
Figure 1). Photos are of landmarks and other interesting fetures. Arrows and
other generic symbols are used to tell a user to turn or stop ath can be used at
times when appropriate photos are not available or distinctve enough. Overlaid
arrows on photos are intended to disambiguate where to go asell as provide
additional indication of where a user should go next. Some pbtos contain a
highlighted area (e.g. a room number or elevator button). The need to include
arrows and outlines became clear as a result of our pilot tegtg. In particular,




Figure 1. Sample images used in the interface. Clockwise fno top-left: plain
photographs, directional symbols, photographs with highlghted areas (e.g.
room number), and photographs with overlaid arrows.

with small images of indoor landmarks, it can be di cult for a user to know
where to focus.

Audio and text messagesText messages are brief messages displayed in large
font. The text and audio messages have the same wording, in der to minimise
the complexity of directions with both text and audio. See Figure 2 for an
example direction.

New message alertAn alert chime precedes new messages and prompts to
get the user's attention, alerting the user that a next step was being indicated.

Acknowledgement messageBesides directions and prompts, the interface
also has a simple message “Good', which is intended to tell ¢huser when a
prior direction is completed successfully and has been clead from the screen.
The device does not play an alert chime before this message teuse there is
no need for participants to switch their focus to the device. This addressed an
issue in our pilot testing where users would check their dislay and see prior,
irrelevant messages that they had already followed.

2.1 Prototype implementation

Our prototype is implemented in Java and SWT and runs under Windows
Pocket PC 2003 on a HP iPAQ handheld with a 802.11 (WiFi) adaptor. The
software supports display of images up to 240x320 resolutio We use images
with 240x180 resolution in order to leave room for text to be dsplayed as well.
Users can choose to use headphones or the built-in speaker bear the audio.
Figure 2 shows the device displaying a sample direction witimage and text.
Arrows and highlighted regions are overlaid on the photos maually. One
could imagine automating this process but we wanted to rst understand which



Stop at room 522 on
our right.

Figure 2: Sample iPAQ display. Participants get a combination of image, text,
and audio directions to follow when navigating a route.

modalities would work best for directions before tackling tis complex image
processing problem.

The device acts as a client to a remote server controlled by th navigation wizard,
a person who sends instructions to the client on what to disphy and play based
on the participant's location and heading. To gather location and orientation
information, we use a_location wizard a person who follows study participants
and transmits their location and orientation to the navigat ion wizard in real-
time using a simple map-based GUI that runs on a Tablet PC. Figire 3 shows
the system diagram. Current WiFi-based localisation systens are close to pro-
viding the resolution that we need [7], but we also require oientation, which
would necessitate a separate sensor. Therefore, we choseuse a location wiz-
ard as a substitute for now. Figure 4 shows the server controprogram and
Figure 5 shows the map GUI. We divide study responsibilitiesbetween two wiz-
ards (in addition to other observers) in order to more e ectively operate our
multi-modal simulations [17].

We preloaded all images and audio on the client device to mariise respon-
siveness of our initial prototype. With the high bandwidth o f WiFi connectivity,
these objects could be easily transferred in real-time froma locally-deployed
server with negligible latency. However, we also want to suport caching on the
client for those situations where WiFi is not available. Audio messages were
pre-recorded to match text directions although, in the future, audio could be
automatically generated using text-to-speech converters




Figure 3: System interaction diagram. Location wizard provides location infor-
mation on the participant (x, y, oor, and orientation) (1) s ent over WiFi (2),
while the navigation wizard uses that location information to decide which mes-
sages to send (3). Messages (to display images, text, and plaudio) are sent
to the client device over WiFi and acknowledged for robustnas (4). Participant
then follows the direction or prompt displayed on device (5)

3 Evaluation
3.1 Objective

The aim of our study was to gather qualitative feedback regading the design
of our indoor way nding system from members of our target use-base. We
wanted to learn whether the system as designed can provide stient direction

to guide users, how useful di erent message modalities aregand whether there
are individual preferences and expectations for how such aystem should work.

3.2 Method

We used a within-subjects, counterbalanced study design wére the interface
guided every participant through three routes of di ering c omplexity using three
di erent subsets of modalities. We varied the order of both routes and mod-
alities presented to each participant in order to minimise adering e ects. The
studies were done in our Computer Science and Engineering bding, which
was unfamiliar to all participants. Two of our researchers fom the Department
of Rehabilitation Medicine followed each participant in order to take notes, get
feedback from the participant, and provide assistance in cae the participant
became confused or uncomfortable. All participants gave penission to au-
dio record their session. Our procedures were in accordaneeth institutional
guidelines.

At the end of each study, we asked participants what they thowght of the
interface and how they navigate when in unfamiliar locatiors. We also asked
them to look at alternative interfaces that displayed maps with arrows, identify
where they would be, according to the map, (e.g. in a room or a &llway),



Figure 4: Screen shot of the navigation wizard GUI running ona desktop. Green
marks on the map show where pictures were taken from, and aresed to send
prompts to client. Solid red mark shows information from location wizard.

and explain what the map was telling them to do (e.g. move forvard and turn
right). Speci cally, we asked each participant the following questions:

1.

2
3.
4

0 N o O

3.3

Please rate your modality preferences (text, audio, piare)

. Was the chime helpful?

Were the arrows helpful?

. How do you typically get directions and nd your way around (e.g. using

a map, asking someone)?

. Do you have a preference between a cell phone or PDA form faar?
. Did you like using the earbuds?
. Can you identify areas on this map (when shown map on compur)?

. Is there anything else we should know about using the devior usefulness

of this device?

Routes and modalities

Participants were shown the device and given examples of eaof the subset of
modalities. They were led to the starting location of each raite by the location
wizard and given the task of following the device's directims to a set destination.
Participants were told their destination and what modaliti es would be used for
that route.



Figure 5: Location wizard GUI running on a tablet PC. Red mark shows par-
ticipant location and orientation.

Table 1. Route features. Turns:intersections along the route where participants
had to change their heading._Intersectionsall intersections along path.

Route 1a | Route 1b | Route 2 | Route 3
Multi- oor? none none elevator | stairs
Turns 5 5 5 5
2-way 0 0 1 0
Intersections |_>-W&Y > 4 4 3
4-way 2 2 0 3
Total 7 6 5 6

Routes: We chose three routes that traversed through di erent parts of the
building in order to minimise any learned familiarity. Rout e 1 (Figure 6) in-
volved no oor changes, while Route 2 (Figure 7) involved using an elevator, and
Route 3 (Figure 8) involved taking the stairs down one ight. Each route in-
volved ve turns, but di ered in the number and type of inters ections along the
route. Route 1 had two variations, 1a and 1b, which were funcionally identical
except they traversed di erent oors. Most participants we re given Route 1a,
but two participants traversed Route 1b because they did Rode 2 rst, which
would have given them the opportunity to familiarise themsdves with Route
la's destination. See Table 1 for a breakdown of route featuss.

Modalities: We used three combinations of modalities to get feedback on
which combinations participants preferred and to gain insght into how e ective
they were for navigation. Combination 1 used all three modaities for messages
(all). Combination 2 used only text and audio (-imaged. Combination 3 used
text and images (-audio.



Figure 6: Route la and 1b. The two routes are almost identicalexcept they are located on dierent oors.
Participants who did Route 2 rst did Route 1b (in order to min imise their familiarity with the destination),
while all other participants did Route 1a. Intersections are denoted by shadows around the path. Both routes
had ve turns across a single oor of the building. Route 1b had one fewer 3-way intersection.

Figure 7: Route 2. Intersections are denoted by shadows arau the path. This route had ve turns across two
di erent oors, which involved using the elevator.



Figure 8: Route 3. Intersections are denoted by shadows araul the path. This route had ve turns across two
di erent oors, which involved using the stairs.

3.4 Participants

The selection criterion for participants was purposive. We recruited a pool
of adults with cognitive impairments who were receiving empoyment services
from a community-based rehabilitation provider. From the pool of interested
participants, we selected two individuals whose primary dsability is traumatic
brain injury (TBI), two participants whose primary disabil ity is mental retarda-
tion (Downs Syndrome), two diagnosed with Pervasive Develpmental Disorder
(PDD), and one with cerebral palsy (CP) with cognitive impact, ranging in age
from 26 to 46. See Table 2 for more participant demographics.

4 Results

All participants were able to follow the directions to their destinations. Ta-
ble 3 summarises the performance of each participant and Tdb 4 summarises
each participant's modality preferences. Since the intentof our study was to
learn how suitable the directions were for our target user-lase, we encouraged
feedback from participants as they were following the diretions. Thus, the
measured time includes the time when participants were shoimg researchers
what was on their screen, and are provided only to give a genaf idea of the
how long each participant took. We brie y summarise participant experiences
and issues here, then present a detailed examination of eagtudy session with
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Table 2: Participant demographics. CP: cerebral palsy, TBI: traumatic brain
injury, DS: Downs Syndrome, PDD: pervasive developmental disorder.

- Primary | Computer
Participant | Gender | Age Disability Use
1 Male 32 CP none
2 Male 40 TBI email
3 Female | 29 DS rare
4 Female | 36 DS rare
5 Male 26 PDD extensive
6 Male 36 PDD none
7 Male 46 TBI extensive

individual feedback.

4.1 Summary of results

System usage. Our pool of participants had three general ways that they
used the device. The most common was to keep the device visilat chest
level for the whole session, and switch their attention betveen the device and
their surroundings as needed, walking at a consistent pacena only altering
course when they received directions. To keep the screen at\asible angle for
Participant 1, who uses a powered wheelchair, we attached th device dock to
his wheelchair tray. Participant 2 kept the device at his side the majority of the
time, and only look at the screen occasionally.

Direction clarity. Participants liked directions that communicated a sense
of responsiveness by the system. The system needed accuradteation infor-
mation in order to send directions at appropriate times. Those directions also
needed to convey a sense of how long they were applicable, etlwise partici-
pants could get confused.

Directions containing more information would have been bee cial to our
participants in some situations. A challenge would be simpfying longer di-
rections containing both the turn and the destination. We tried an alterna-
tive method for informing participants when to expect additional directions by
adding a message to wait (see Figure 10, right). Some partipants commented
that it was helpful to them. However, some participants did not wait and began
walking or looking around after exiting the elevator. Some mrticipants also
wanted to know when to expect subsequent directions when gen directions
such as "Walk down' or "Walk to the end of' a hallway or walkway When
given the latter, some participants were unsure whether thg should walk past
intermediate intersections.

Preferred modalities. Participants varied widely in their preferences of
modalities, but found the combination of modalities useful Some participants
found text most useful, while others found images more helpfl. Participants
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gave di erent reasons for their rankings. Text was highly rated because it let
participants process messages at their own pace, and referabk to them as
necessary. Some participants said audio was useful in comiztion with other

modalities, but audio by itself was not preferred (probably due to its eeting

nature), although all participants said the audio was of goal quality and clear.
Images were reviewed positively because they also gave thanticipants more
time to consider the message and make the visual associatisn Several partic-
ipants noted the arrows overlaid on the images were helpful écause they ‘tell
you where you're going' (Participant 7), but arrows that had multiple joints or

were at atypical orientations caused some confusion. Only &ticipant 2 stated

he preferred images the least.

4.2 Detailed participant experiences and comments

What follows are details of each participant's experience ad comments with
the device during their session. While we presented routesral modalities in
di erent order to participants, we order each participant' s account by route so
comparisons can be made more easily.

4.2.1 Participant 1

Participant 1 is a 32 year old male with cerebral palsy. He hasa mobility
impairment requiring the use of a power wheelchair. He uses mobile phone on
occasion, but does not own or use a computer.

At rst, we laid the device on his wheelchair tray, but the scr een was di cult
to see. We resolved this by docking the device to its chargenyhich tilted the
device to an angle that made it more visible to the participart.

Route 1a: all modalities. Participant 1 had no di culty with Route 1a.
The directions were “really precise', he said.

Route 2: no audio. Participant 1 reached the destination in Route 2
without the need for any route corrections, but reported that ‘it was a little
bit harder without the audio'. When asked why, he mentioned that the "Good'
messages were useful in letting him know when he'd gone in theorrect way.

At the end of the route, Participant 1 mentioned that the last overlaid arrow
“zig-zags' and gave him some trouble (see Figure 9, left).

Route 3: no images. Participant 1 was unable to completely go through
Route 3, as it involved stairs. We modi ed his route to begin a the stairway
landing on the fth oor.

Without images, the complex direction to travel from the stairs to the appro-
priate intersection (Figure 10, left) could not be used, so he navigation wizard
had to send two consecutive “Turn right' directions, with con rmations after
each so the participant would not be confused and think he waseceiving the
same direction twice.

The participant went past the destination room after being given the di-
rection “Stop at room 522 on your right', because he thoughtti meant that he
should go to the end of the hall and turn right to nd it (see Fig ure 8, D).
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Figure 9: Left: Direction telling users to proceed to their destination and stop.
This direction very closely followed the direction to turn right, and sometimes
came late. In addition, Participant 1 thought the skewed arrow was confusing.
Right: Map showing spacing of turns and the path of a participant with di culty
locating the destination. Small yellow dots indicate participant's path, red dot
indicates the nal destination reached.

Figure 10: Left: A detailed but complex arrow guiding the participant o the
staircase (see also Figure 8, C). This confused participast more than simple
directional arrows. Right: Direction telling the participant to exit the elevator
and wait for the next direction. This helped overcome confugon from delays in
WiFi outages in the elevator.
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Table 3: User study results. Modalities are the subset of image, audio, and
text used for that route. Time is duration of task with elevator wait times
omitted. Errors are situations when participant took a wrong turn or passed
their destination. Directions, Prompts, and Good are the types of messages as
described in Section 2. Routes are ordered consistently fahe table, although
participants did not perform them in the same order. See Sedbn 4.2 for details
on participants and special cases marked with asterisks (*)

Participant | Route | Modalities | Time | Errors | Directions | Prompts | Good
la all 2:23 0 10 0 2
1 2 -audio 2:05 0 11 0 0
3* -images | 2:34 1 11 3 4
1b -audio 1:33 0 10 0 2
2 2 -images 1:46 2 15 3 2
3 all 3:37 1 17 3 4
la -images 1:56 0 9 0 3
3 2 all 1:54 2 15 4 2
3 -audio 3:28 2 14 3 5
4 la all 2:16 0 10 0 3
2 -audio* 3:05 1 15 4 2
la -audio 1:56 0 11 0 1
5 2 all 1:21 0 12 0 1
3 -images | 3:06 0 13 0 3
1b -images | 2:45 0 12 2 4
6 2 all 3:13 0 17 4 4
3 -audio 4:18 0 14 1 4
la all 1:10 0 9 0 0
7 2 -audio 1:14 1 13 2 0
3 -images | 2:13 0 12 0 3
Debrie ng comments. Participant 1 preferred images the most, followed

by audio and then text. He said that the images made directiors easier to follow
because they showed hallways and rooms. He also preferrecetsize of the iPAQ
to that of mobile phones with smaller screens, because the satier screen might
make it harder to read the text. Although he elected to not wea the earbuds
during the study, he would use them if he were in a noisy enviroment.

*I think this would be a very good device for anybody that's lost or doesn't
really know how to get to a place... People would go out more beause they can
nd their way"'.
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Table 4: Modality preference by participant.

Participant First Second Third
Preference| Preference| Preference
1 Images Audio Text
2 Text and Audio (tie) Images
3 Text Images Audio
4 Images Audio Text
5 Text Images Audio
6 Text Images Audio
7 Images Text Audio

4.2.2 Participant 2

Participant 2 is a 40 year old male with traumatic brain injur y. He uses a mobile
phone with preprogrammed numbers and has a computer at homehiat he uses
for email.

Route 1b: no audio. Participant 2 completed Route 1b without any
corrections. During Route 1b, he was focused on the devicegkping it in hand
the whole time. When asked why, he explained that the brightress of the light
made the screen harder to see, so while he could see the imagt® text gave
him some trouble.

Route 2: no images. Participant 2 would put the device down by his side
and appeared to have di culty paying attention to the device . He turned to
his right after exiting the elevator rather than left and had to be corrected. He
walked past the destination room, possibly because he did ndear the direction
to stop there (see Figure 7, B). He said that he listens rst, then looks down on
the screen to double-check the direction.

Route 3: all modalities.  After receiving the rst direction to walk down
the hallway, Participant 2 put the device by his side and missd the second
direction, which was to turn right. He had some trouble at the stairway landing
on the fth oor with the complex arrow (see Figure 10, left), and later hesitated
even after being given a direction to turn right with a photo of the hallway and
overlaid arrow. He had no other problems with this route and reached the
destination room.

Debrie ng comments. Participant 2 preferred text and audio equally,
and then images. He said that the images used in the study werevery good',
but had concerns that in a real system, the possibility of thesystem choosing
a confusing image would be more likely and be problematic. Heever, if that
could be overcome, he thought the combination of all modalites would be best.

Participant 2 chose not to wear earbuds during the study becase he was
concerned about ear damage, but said that if the environmentvere noisy, then
using earbuds would be appropriate.

Because he tended to put the device by his side and would sonistes miss
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directions, he agreed that it would be useful if the device wee to vibrate to
alert when there was new direction. While such a feature is wdespread on the
mobile phone platform, he also expressed reservations thahe text might be
too small.

He did not think that the "Good' con rmation messages were vey useful,
because he would think, "OK, what's the next direction'?

"What | see and what | experienced, | think it is a very well desgned and
well planned instrument... Really bene cial for everybody'.

4.2.3 Participant 3

Participant 3 is a 29 year old female with Downs Syndrome. Sheccasionally
uses a computer at the library for email, and does not have a migile phone.

Route la: no images. Participant 3 had no problems with this route.
She walked quickly after receiving each direction, but slowd down by stairs
and intersections instead of maintaining her pace. When thenavigation wizard
sent the message "Keep walking ahead', she said, "Oh nice'.

Route 2: all modalities. Participant 3 attempted to exit the elevator on
the wrong oor because other people were exiting, and had to b reminded to
exit on the sixth oor. After exiting the elevator, she start ed looking around and
turned just as the navigation wizard sent a “Turn left' direction, which causes
her to start walking the wrong way. After following correcti on prompts to turn
around, the navigation wizard sent the "Take the rst left down this hallway'
direction, but possibly because she was walking the other wawhen given “Turn
left' before, she turned around again. After a second round bcorrections, she
turned correctly and reached the destination.

Route 3: no audio. Participant 3 stalled when given the “Keep walking
to the end of the hallway' direction, saying, "How do | do that?" The simpler
"Walk forward' prompt was sent to her and she laughed, saying’l like that'.

The arrow at the stairs caused another stall (see Figure 10gift). She started
to walk down the walkway before the direction “Turn right' caused her to realise
that she should walk the other way.

When she received a "Good' con rmation message, she said, KDnow what?
Come on'.

When given the direction to "Stop at room 522 on your right', she began
reading the o ce numbers and stopped at the correct room.

Debrie ng comments. Participant 3 preferred text the most, then images
and then audio. She felt that the new message alert chime didhhelp because
she was looking at the device already. She said she expecteetdevice to give
her directions at each intersection, so she would stop and wa

Participant 3 preferred the iPAQ form factor to that of a mobi le phone.

'| want to keep [the device]'.
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4.2.4 Participant 4

Participant 4 is a 36 year old female with Downs Syndrome. Shearely uses
a computer and does not use a mobile phone. Participant 4 has &earing
impairment and prefers not to use hearing aids. In addition, she could not
reliably distinguish right from left, so we taped a small note to her right hand
as a reminder. However, she still asked the researchers foor rmation of left
and right turns.

Route 1a: all modalities.  Participant 4 was able to reach the destination
with some help from the researchers on left and right turns. 8&e proceeded
slowly and looked around a lot.

Route 2: no images, then no audio. Participant 4 struggled with
the audio and text modality set during Route 2, so we switchedto using text
and images in the middle of the route. After missing the turn when exiting
the elevator, she was given a direction to turn around, whichincluded a U-
turn symbol (see Figure 1, directional symbols). She was u@fmiliar with this
symbol, but gured it out and reached the destination.

Debrie ng comments. Participant 4 stated that she preferred images the
most, then audio, and then text. She preferred the larger s@en on the iPAQ
to that of a mobile phone. She was unable to give further commes or answer
other debrie ng questions.

4.2.5 Participant 5

Participant 5 is a 26 year old male with pervasive developmetal disorder. He
has experience using devices similar to ours, as he uses a stnghone and a
computer at work and home on a regular basis. He uses the comprr to plan
routes prior to making trips into the community. He elected to wear earbuds
and mentioned that he would prefer foam covers on them.

Route la: no audio. Participant 5 had no problems with the route. He
tended to make a turn and then wait for the next direction. The navigation
wizard misinterpreted this behaviour as waiting for con rm ation. When given
the "Good' con rmation prompt, though, he said, “of course.

Route 2: all modalities. Participant 5 had no problems with the route,
but because of a slight o set between his actual location andthe location the
navigation wizard saw from his wizard Ul, the navigation wizard did not send the
stop direction at the correct time. Participant 5 was therefore unsure whether
he had reached the destination, and said, | don't know, it oty says to go there
[to room 674]'".

Route 3: noimages. Participant5 had no problems with the route. When
given directions such as "Walk down the hallway', he wondereé aloud, "How far'?

Debrie ng comments. Overall, Participant 5 looked for lots of feedback
and reassurance from the observing researchers, but had ¢ trouble following
the directions. His preference of modalities was text, imags, and then audio,
in that order. He did not nd the new message alert helpful beause he was
accustomed to that sound from his computer, and was looking tathe device
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during a large portion of the study.

Participant 5 had experience using GPS navigation systemsand is com-
fortable with using maps, so he suggested the inclusion of a ap view. As
his preferred method of navigation involves using landmark for reference, he
thought the inclusion of more of them would also be bene cial Participant 5
also suggested a silent mode and vibrate alert, because thesvould be useful in
situations such as in school.

4.2.6 Participant 6

Participant 6 is a 36 year old male with pervasive developmetal disorder. He
uses a computer on a regular basis at work and at home for emadind is familiar
with several search engines, but does not use a computer foadigation purposes.

Route 1b: no images. Participant 6 was confused by the use of the term
‘walkway' (see Figure 6, A). He asked, ’Is that the walkway'? He seemed to
stall when the left/right directions were more complex, sud as "Take the rst
right' instead of simply “turn right'.

Route 2: all modalities. Participant 6 had trouble interpreting the di-
rection “Take the rst left', so he stopped in the intersection, moving once given
the “Turn left' prompt. "It was confusing which left to do’, h e said when asked.

Route 3: no audio. Participant 6 chose to try this route without wearing
earbuds, and tended to ignore the device. He reached the désation room
without making any errors. He noticed a painting in one of the directions and
stated that “the painting helps a little bit' in recognising which hallway to take.

Debrie ng comments. Participant 6's modality preference was text, im-
ages, and audio, in that order. He said the audio directionswent a little too
fast'. He was not sure whether a smaller screen would be as usa.

Participant 6 suggested that he would like a device that coutl “tell you when
to pull the bus cord and how much to pay'. and “Tell you which bus route to
take and which bay to go to at the transit centre'.

4.2.7 Participant 7

Participant 7 is a 46 year old male with traumatic brain injur y. He does not
use a mobile phone or a computer. When shown the system befoleeginning
routes, he mentioned that “the visual is probably far more usful'.

Route la: all modalities.  Participant 7 had no problems with the route.
He walked quickly, so the navigation wizard's timing was moe important. The
participant said about the timing, “Some of these instructions are coming a little
too slowly, other ones right on time'.

Route 2: no audio. Participant 7 wanted directions that gave more infor-
mation. When given a direction to make a turn, he asked, "Pasthe elevators
perhaps'? After next direction to take the elevator, he said "Oh, to the eleva-
tors'.

During the elevator ride, he commented on the direction tellng him to wait
after exiting. He said, "This is good, telling me how to prepae for the next
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step'.

Participant 7 walked past the destination room. He suggestd that the
direction for the turn could be “‘maybe turn corner and go to 64’ (see Figure 8,
B).

Route 3: no images. Participant 7 had no problems with this route. He
did mention that he felt some of the wording in the directions were not clear to
him. For the direction "Walk down this hallway', he said, "All of the way, part
of the way? \Walk down to the end of this hallway", perhaps'.

For the direction to walk down to the fth oor, he said, "It wo uld be helpful
to tell me what oor I'm on, and then tell me where oor 5 [is]'.

Debrie ng comments. Participant 7 preferred the images most because
‘I'm a visual person'. His second most preferred modality wa text, because he
could read it at his own pace. His least preferred was audio. &l considered the
new message alert only a “background thing'. The biggest is® he had with
the directions were their timing. Some came on time, some toearly or late,
and “some [came] right after the last prompt'. Also, directions “could have been
more speci ¢ at times, have more detail'.

Participant 7 also expressed preference for a device that wabd be less notice-
able. He wondered if there would be a smaller unit with wirelas headphones,
“otherwise | might be self-conscious about walking aroundqith it]. In addition,
the felt that “this device is heavy, or will soon feel heavy'.

He also mentioned that he often used landmarks to navigate,sch as pur-
posely parking his car near them to help remember the locatin. Indoors, he
would focus on large, colourful objects, such as bright red reboxes. Some other
suggestions he had were to incorporate a compass for outdoase, although he
admitted that he sometimes mixes up south and north.

“This will be very, very helpful to people'.

5 Discussion

Many factors come into play when evaluating appropriate interface modalities
for individuals with cognitive impairments. In this usabil ity study employing
qualitative methodology we have studied the experiences o$even individuals
with disabilities as they use interfaces for way nding devices to better under-
stand their preferences. Because individuals with disabities in general, even
with similar disabilities, may have signi cant dierences in their preferences
and functional abilities and limitations, we cannot draw conclusions here about
the potential match between disability and interface. Rather, we propose issues
that may guide such a discussion for future research.

Individual skills, experience, and comorbid impairments. Cogni-
tive impairments are not a uniform construct. For example, individuals with
acquired brain injury may have patterns of specic and globd de cits based
on their speci c type of injury and very speci c cognitive lo sses related to the
location of trauma, whereas individuals with mental retardation will commonly
have more generalised de cits. As a result of the di ering eiologies of cogni-
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tive impairments and varying functional limitations, we assume individuals will
possess di erent prerequisite skills and knowledge that nght impact the use of
assisted cognition devices. For example, individuals withacquired brain injury
may have been pro cient technology users prior to the onset btheir condition
and may be able to learn to use new technology with more ease &m individuals
with mental retardation who might not have previous experience.

Developers must also consider comorbid impairments. For eemple, two of
our study participants had other impairments that impacted their ability to
use the system. One participant used a wheelchair and was uibée to hold
the device. The other user had a hearing impairment and prefeed to not use
hearing aids, thus making the auditory prompting more di cu It to use.

Cognitive load and environmental e ects. Participants' executive
function, receptive language, attention to detail, and menory capacity no doubt
impact their performance with our system. In addition, participant's perfor-
mance will di er based upon the cognitive demand of the task keing attempted
and individuals who function quite well under some conditicns will function
less well when the demands of the task or environment changeCognitive load
theory acknowledges that the “cognitive architecture' of tie brain (e.g. working
and long-term memory, attention) has limits that can be overloaded [14]. For
example, working memory can handle only a small humber of irgractions at
one time. When cognitive limits are reached, an individual kecomes overloaded
and unable to process more information.

Individual expectations and preferences. We found di erences in how
individuals used and reacted to the system. Some users wergstematic in their
use of the device. They followed each direction, and then h#&d waiting for
the next direction. Sometimes these individuals indicatedfrustration when the
system prompted too slowly. For example, Participant 3 said Come on now'
to the device when it failed to give a prompt at the expected time. Other
individuals were less systematic, more distractible, anddst focus on the device
and its directions.

Individuals had de nite preferences about the modalities through which they
wanted to receive information, as shown by the lack of consesus among their
ratings. Preferences are likely a result of the issues disssed above, but may
be a result of familiarity with a modality as well. In other wo rds, text may be
a more common form of receiving directions for some of our p#éicipants. And
it should be noted that all participants were at least basic readers.

6 Future Work

Our future work will pursue four main directions:

User interface improvements. We will investigate a greater use of visu-
ally distinct landmarks for giving directions, particular ly for outdoor navigation.
Psychological evidence suggests that landmarks play a crial role in spatial un-
derstanding [13].

We will study the e ectiveness of maps for conveying complexoutes to more
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spatially-aware individuals. In our study, when asked to interpret a map shown
on the iPAQ screen, four of the seven participants were able d successfully
complete the task. A participant with acquired brain injury particularly liked
the map, because he felt that it gave him more information aboit where he was
going and a greater sense of independence.

Our next user interface will support greater interactivity . This will include
methods for the user or caregivers to input destinations in asimple manner
as, for example, using the method proposed in [15], where thgystem displays
photographs of the most likely destinations based on a leared model of the
user's day-to-day movements, and asks the user to con rm thecorrect choice.
The user interface will also include methods for user-initated feedback to the
system, including explicitly asking for the instruction, i ndicating that the user
does not understand the system, or requires more time.

Further user studies. We will expand our user studies in several ways.
First, we believe it is important to more accurately measure “baseline' perfor-
mance, that is, non-assisted way nding. Baseline informaton is useful both for
evaluating the impact of the system and for determining the knds of individuals
who could potentially bene t from automated way nding tech nology. Second,
we will study a wider variety of more realistic, purposeful tasks. For example, a
task may be to enter a building, nd a particular o ce, and del iver a package.
By implementing more naturalistic routes, we expect partidpants to be more
active and intentional in route- nding, and expect to learn more about how
individuals might use the system in their daily lives. Third, the studies will
include outdoor routes. Outdoor challenges include the di culty of viewing the
screen in bright sun, hearing the audio in a noisy environmet) the distraction
and danger of pedestrian and automobile tra ¢, and using public transit. On
the other hand, participants in our pre-study interviews have indicated that out-
door navigation can be easier than indoor navigation when ditinctive outdoor
landmarks are visible [1].

Better correction strategies. We will investigate improved ways of deter-
mining when the user should be corrected, as well as how the oective prompts
should be delivered. It is not always easy to determine whenhe user actually
needs help; for example, the user may stop moving because slkseconfused, or
because she is carefully looking around to orient herselfnithe latter case, a pre-
mature prompt may actually create confusion. This suggestghat the system be
designed to adapt to the user. Our earlier work [15] argued tat confusion is of-
ten signalled when the user's behaviour does not t with her hormal' pattern.
Such methods for automatically inferring the need for help @an be combined
with explicit user feedback about the need for help (and wheher the system's
prompts are understandable) as described above. We will ats systematically
examine a range of correction strategies. For example, the izard in our study
most commonly prompted users to retrace their steps when thg missed a turn.
Retracing, however, can be slow; in some cases it was much nge ective to
send directions that were speci ¢ to the user's new location

Implementation issues.  We will be working to reimplement our system
on a mobile phone. Today's mobile phones have enough computanal power
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and bandwidth (including WiFi) to implement all of our funct ions. In addition,

they can be easily connected (over Bluetooth) to wireless tasets and external
sensors carried by the person (e.g. barometer). We also plato integrate a
WiFi-based location system on that platform and augment it with a digital

compass to provide approximate location and orientation (we will need 3-4m
resolution with 30-45 angle accuracy) [2, 7].

7 Conclusions

We believe that assistive technology for way nding can and wil signi cantly im-
prove the quality of life for many individuals with cognitiv e impairments. The
user interface of such a system is as crucial as the underlygnimplementation
and localisation technology. To this end we built a sophisttated system using
the Wizard-of-Oz technique that let us experiment with many guidance strate-
gies and interface modalities. After several iterations ofuser-centred design,
we evaluated several con gurations of the user interface wh a group of users
who had various kinds cognitive impairments { including mertal retardation,
acquired brain injury, and cerebral palsy { on indoor navigation tasks. This
small study has laid the groundwork for future studies we wil perform with
larger groups of users on both indoor and outdoor navigatiorproblems.

Our study showed that there is no “one size ts all' solution, and that ar-
guably the most important aspect of a guidance system for pegons with cogni-
tive impairments is that it be widely customisable and adaptive. More speci -
cally, our results indicate that an e ective user interface should support multiple
modalities (text, audio, graphics, and photographs), becase no one modality
or set of modalities was best for all users; that timeliness oprompts is cru-
cial, as well as providing appropriate con rmations to the user; and that the
way a user carries a way nding system has a signi cant e ect m how such a
system is used. Finally, our experiments suggested importa directions for fu-
ture work on improvements to the user interface, estimatingthe cognitive state
of the user, adaptive correction strategies, and the physial form factor of the
guidance system.
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