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Abstract

Aphasia is a cognitive disorder that impairs speech and
language. From interviews with aphasic individuas, their
caregivers, and speech-language pathologists, the need was
identified for a daily planner that allows aphasic users to
independently manage their appointments. We used a par-
ticipatory design approach to develop ESI Planner (the En-
hanced with Sound and Images Planner) for use on a PDA
and subsequently evaluated it in a lab study. This method-
ology was used in order to achieve both usable and adopt-
able technology. In addition to describing our experience in
designing ESI Planner, two main contributions are pro-
vided: general guidelines for working with special popula-
tions in the development of technology, and design guide-
lines for accessible handheld technology.

Categories & Subject Descriptors: K.4.2 [Computers
and Society]: Socia Issues — Assistive technologies for per-
sonswith disabilities; H.5.2 [Information I nterfaces and
Presentation]: User Interfaces - Evaluation/ methodol ogy,
graphical user interfaces, prototyping, user-centered design

General Terms: Human factors, experimentation, design.

Keywords: Assistive technology, universal usability,
multi-modal interaction, participatory design, handheld
devices, cognitive disabilities.

INTRODUCTION

Aphasia is a cognitive disorder that affects about 1 million
people in the United States [2] and 100,000 people in Can-
ada [1]. Aphasia is usually acquired as a result of stroke,
brain tumor, or other brain injury, and results in an impair-
ment of language, that is, to the production and/or compre-
hension of speech and/or written language. Rehabilitation
can reduce the level of impairment, but a significant number
of individuals are left with a life-long chronic disability that
influences a wide range of activities and prevents full re-
engagement in life.

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercia advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or afee.

CHI 2004, April 24-29, 2004, Vienna, Austria.

Copyright 2004 ACM 1-58113-702-8/04/0004...$5.00.

Engineering and Applied Sciences”
Princeton University, Princeton, NJ, USA
aphasia-ubc@cs.ubc.ca

There is great variability of language abilities and impair-
ments across individuals with aphasia. This variability re-
sults both from differences in severity and relative impair-
ment of language modalities [6]. For example, some apha-
sic individuals have relatively good auditory and reading
comprehension but very limited output in either speech or
written language. Others may have fairly fluent speech,
albeit with numerous semantic errors, accompanied by rela-
tively poor comprehension of both spoken and written lan-
guage. In addition, there can be accompanying deficits,
depending on the site of lesion in the brain, including right
visual field deficits and right hemiparesis and hemiplegia,
which affect limb function [6].

By harnessing advances in computer technology and hand-
held devices, and building on the computer literacy of an
ever increasing number of aphasic individuas, it seems
feasible today to create assistive technologies that permit
individuals with aphasia to re-engage in life, and to aug-
ment their autonomy and quality of life. A wide variety of
assistive technologies are aready available, mainly to fa-
cilitate therapeutic efforts and the recovery and mainte-
nance of basic language functions, yet the number of re-
ports of successful applications for people with aphasia
remains quite limited. This observation contrasts with the
successful harnessing of computer technology in the service
of communication for non-aphasic, speech-impaired indi-
viduals, such as Stephen Hawking.

One reason for the lack of previous success may be that
efforts have tended to focus on individuals with severe or
profound aphasia, for whom efforts to develop effective
aternative communication strategies have failed, rather
than attempting to leverage the skills of those with some
retained communicative ability [7]. Another reason that
may have thwarted previous efforts is that they have fo-
cused on technologies that support basic communication
functions rather than higher-level goals, that is, the specific
communication activities for daily living that occur for
aphasic individuals after hospital/therapy discharge. In a
1988 survey, 72% of individuals with aphasia who re-
sponded reported that they could not return to work, despite
50% of them having received over a year of speech-
language therapy [2]. The long-term goal of the Aphasia
Project is to fill this niche by creating and evolving high-
level applications that meet specific needs of aphasic indi-
viduals with residual communication abilities.



The research documented in this paper investigates the de-
sign of a specific high-level computer application for peo-
ple with aphasia. The application, identified through inter-
views with aphasic persons, is a multi-modal daily planner.
The Enhanced with Sound and Images Planner, or ES|
Planner, uses triplets of images, sound, and text to redun-
dantly encode information for the user. The research was
conducted in two phases: a participatory design phase
where ES| Planner was iteratively developed with input
from aphasic participants, and an evaluation phase where an
experimental study was performed to assess the effective-
ness of the resulting design. Several guidelines emerged
from this work that are relevant to other researchers work-
ing with special populations.

RELATED WORK

Two general areas that are relevant to our work are the de-
sign of technology for people with aphasia, and the evalua-
tion of assistive technology. Research in the development of
technology for people with aphasia has focused predomi-
nantly on devices to assist in communicative exchanges.
While this is an obvious need for people with aphasia, it is
not the only way that technology can support their daily
activities. Nonetheless, much can be learned from the work
done on development of communication devices.

To date, essentialy all assistive technology proposed for
persons with aphasia has been in the form of augmentative
and aternative communication devices (AAC devices).
Aphasic individuals tend to retain the ability to recognize
image-based representations of objects, so various devices
have been developed that build on this remaining ability. In
these systems, each word/concept has a tri-modal represen-
tation, consisting of an image form, a sound form, and a
visual-letter form. The user is able to search through the
image library to retrieve a desired item, and once selected,
its letter and sound forms are made available for use in
communicating with others. These types of AAC devices
may assist aphasic individuals who have few, if any, other
communication options to express basic needs. However,
they do little to leverage the skills of aphasic individuals
who have some communicative ability [3].

In recent years, severa investigators have applied computer
technology to meet specific needs of aphasic individuas
with some retained communicative ability. While in some
instances such work has been undertaken in the context of
individualized rehabilitation programs [5], others have de-
veloped and tested systems across users. For example, a
prototype e-mail system using four different interfaces was
tested with severa cognitively disabled users, including
individuals with aphasia [10]. In contrast, the TalksBac
system [12] and arelated system, PROSE [13], were devel-
oped specifically for persons with aphasia, in order to lev-
erage their abilities to participate in conversation. TalksBac
guides users through a continually updated selection of
short sentences and phrases that can be read aoud via a
speech synthesizer during conversation. PROSE, designed

to be used in conjunction with TalksBac, allows the aphasic
user to introduce pre-recorded stories into conversations.
Both systems rely heavily on the availability and willing-
ness of familiar partners, or caregivers, to manage and up-
date entriesin the system on an ongoing basis.

TaksBac was evaluated by four aphasic individuas for
nine months. It was found to be helpful for two of the four
participants; this success was attributed to its ability to fill a
need that had not already been filled by the development of
effective alternative communication strategies [12]. PROSE
was compared for one individual against two other strate-
gies and found to be effective in augmenting her conversa-
tional participation [13]. These findings, though limited,
suggest the potential of computer technology to address
specific needs of people with aphasia.

Stevens and Edwards discuss the difficulties in working
with special populationsin their evaluation of Mathtalk [9].
They highlighted several challenges in evaluating assistive
technology including the inappropriateness of controlled
laboratory experiments for highly heterogeneous popula-
tions, the difficulty of acquiring a sufficient sample of the
population, and the unavailability of appropriate control
conditions. Each of these challenges, athough especialy
the first two, has also been a challenge inherent in our work.

PHASE |: PARTICIPATORY DESIGN

Most people with aphasia have difficulty reading and writ-
ing. ESI Planner is a multi-modal daily planner designed to
enable individuals with aphasia to independently manage
their schedules. It incorporates triplets of images, sound,
and text to represent appointment data. We hypothesized
that these triplets would make it easier for people with
aphasia to comprehend the information presented within a
daily planner. This hypothesis was based on knowledge that
people with aphasia generally retain their ability to recog-
nize images [11], and anecdotal evidence from our partici-
pants suggesting that reading may be easier when the text is
concurrently read aloud to them.

The first phase of the research used participatory design
methodology, a process that uses early and continual par-
ticipation of the intended users to produce a technology that
will realize better acceptance and better suit the needs of its
users. Figure 1 shows a timeline for this phase and high-
lights the iterative nature of this work. Although we did not
follow a strictly sequential process, for the purposes of clar-
ity we describe this phase in four steps: brainstorming, low-
fidelity paper prototyping, medium-fidelity software proto-
typing, and high fidelity software prototyping.

Ideally, the participants in this phase of the research would
have remained constant throughout the work. Unfortu-
nately, our initial participant, AB, who had motivated the
ESl planner, passed away from brain cancer before the
completion of the preliminary design. Thus, three surrogate
design members, SM, SS, and MP, were recruited to fill
AB’srole and ensure continued progress.
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Due to the large variability in impairments across people
with aphasia, none of these individuals had exactly the same
difficulties as AB, athough al felt that improvements could
be made to text-only planners. In fact, one of the partici-
pants, who had initially felt he would not benefit from our
design, became enthusiastic as the research progressed and
he discovered the potential for an enhanced planner to aid
him in communicating his daily activities to others.

Brainstorming

We began by brainstorming with one aphasic individual,
AB, to identify areas where technology could be used to
support her daily activities. AB was a middle-aged profes-
sional woman who was highly computer literate. She was an
active and energetic individual both before and after she
acquired aphasia, and although she had difficulty finding
words and was largely unable to read or write, she main-
tained relatively fluent speech. One of several needs identi-
fied was for a daily planner that would allow AB to manage
her appointments. Prior to acquiring aphasia, AB had used
a PDA-based calendar to manage her busy life. However, as
AB’s aphasia, which resulted from brain cancer, pro-
gressed® she was becoming increasingly reliant on a care-
giver to manage her appointments. Because AB wished to
maintain an independent lifestyle, it was essential that she
be able to manage her planner without assistance.

AB® problem with traditional paper or electronic daily
planners was twofold. First, the input of appointment data
via writing, typing, or tapping was slow and difficult. At-
tempts often resulted in frustration and resignation. Second,
the representation of appointment data as text made it diffi-
cult for her to recognize and interpret the information. This
was true even for appointments she had entered herself, as
her language skills were inconsistent and unreliable.

Y In contrast, individuals with stroke related aphasia do not ex-
perience a further decline in their language skills after their
stroke, with rehabilitative efforts typicaly leveling off around
one year.

Low-Fidelity Paper Prototyping

Based on our brainstorming sessions with AB, we created a
series of initial low-fi paper prototypes to evauate different
design ideas (one example is shown in Figure 2a.). Standard
low-fi prototype evaluation, which includes the think-aloud
protocol, proved very difficult for AB. While her speech
remained relatively fluent, it often lacked sufficient detail
for her to give a specific account of how she would interact
with the proposed interfaces. Furthermore, she was very
concerned with her physical ability to interact with the pro-
posed device, an aspect of the design for which paper pro-
totyping provides no insight.

@ (b)

(© (d)

Figure 2: Paper prototypes: (a) initial prototype, (b) empha-
sized scroll, (c) dynamictimeline, & (d) detail in context.

Paper prototypes were, however, useful for discussing spe-
cific aspects of the design relative to AB’s abilities and for
stimulating general design discussion. For instance, with
respect to the prototype shown in Figure 2a, AB com-
mented that while text is difficult she would not have trou-
ble with the numbers used to display time. She aso noted
that while the small suns used to highlight the time of day
may be helpful, they would become a greater hindrance if
they interfered with the numeric representation, suggesting
aneed for clear separation between images and text.

Degspite its challenges, paper prototyping was used multiple
times in our design process. As explained in the subsequent
section, we found many design flaws in our first medium-
fidelity prototype that did not appear to be specific to apha-
sia. After confirming our suspicions by testing our proto-



type with one non-aphasic individual, we decided to step
back to paper prototyping, this time with non-aphasic par-
ticipants. We tested three different designs using four non-
aphasic participants (Figures 2b-2d). Our rationale for tak-
ing this course of action was that by removing general de-
sign flaws we could better use our time with aphasic par-
ticipants to focus on aphasia-specific aspects of the design.

Medium-Fidelity Software Prototyping

Our first prototype for ESI Planner had a similar design to
Microsoft Pocket Outlook in that it assigned equal screen
real estate to each hour of the day, which can require verti-
cal scrolling, even to view appointments that fall within the
6 am to 8 pm timeframe. However, in our first session, it
became clear that for browsing tasks, the combination of
searching through the days, and scrolling within a day to
find appointments that are not initially visible was very dif-
ficult. Suspecting that this difficulty had nothing to do with
aphasia, we ran the same tasks with one non-aphasic indi-
vidua and found the same problems. At this point, as pre-
viously mentioned, we went back to paper prototyping us-
ing non-aphasic individuals to test three interfaces: an em-
phasized scroll version that clearly indicated when ap-
pointments were “hidden” (Figure 2b), a dynamic timeline
version similar to that used in Palm planners that displayed
only hours for which appointments existed and thereby
minimized scrolling (Figure 2c), and a detail in context
design (Figure 2d). The detail-in-context design proved to
be the clearest design, and is therefore the one we used. As
shown in Figure 3, the left hand side of the screen sets the
context, highlighting which parts of the day are booked,
while the right hand side gives the appointment details.

High-Fidelity Software Prototyping

The participatory design phase of this research resulted in a
high-fidelity prototype of ESI Planner, which was subse-
quently evaluated in an exploratory study. Figure 3 shows
an image of the final design. Each screen displays a single
day from 6:00am to 8:00pm for which a maximum of 5
appointments can be scheduled. Although this aspect of the
design could be seen as limiting, from our discussions with
speech-language pathologists and our brainstorming ses-
sions with participants, these choices seemed to meet the
needs of our user population.

Design flaws were uncovered during the formal evaluation,
athough further studies are needed to determine whether
they are aphasia specific. Many study participants experi-
enced problems with bi-directional controls such as the
up/down arrows used for place selection in Figure 3. Seem-
ingly confused by the two options, these users would alter-
nate between the buttons, never advancing to the target.
Also, multiple participants demonstrated hesitance in ex-
ploring the interface. This obstacle could perhaps be over-
come by clearly indicating the effect of an action. For ex-
ample, adding the next day’ s date to the date forward button
could indicate more clearly the effect of tapping that button.

The date can be changed by
tapping the forward and back

buttons. Tapping the date
brings up a calendar with [ >
which a date can be selected.

Tapping on an image enlarges
it (to the size shown for the
Golden Gate Bridge Delow). f-wwweenes >
Tapping a sound icon plays
the sound dlip.

Tapping an hour opens the |- O >
time selection window. Once a
time has been spedified,
people and places are entered
as shown here for place selec-
tion.

Figure 3: The ESl Planner interface showing appoint-
mentsfor October 2, 2003.

ESI Planner was implemented in embedded Visual Basic
3.0 using the Pocket PC 2002 SDK. It uses the Pocket Out-
look Object Model as the backend for appointment data
storage. All evaluations of ESI Planner were done using an
HP iPAQ 5400 running Pocket PC 2002.

PHASE II: EXPERIMENTAL EVALUATION

An exploratory experiment was conducted to evaluate the
ESI Planner interface relative to our goals of developing a
usable high-level application that would better support the
needs of aphasic users. In order to meet the challenges in-
herent in working with this population, this was not a tradi-
tional laboratory study. Some of the constraints of a tradi-
tional laboratory study, such as maintaining a consistent
experimental environment, needed to be relaxed in order to
accommodate the special needs of this population.

Two Planner Conditions

ESI Planner was compared with an equivalent text only
electronic planner, NESI Planner (Not Enhanced with
Sound and Images Planner). In this study, we wanted to
specifically test our hypothesis that an interface using im-
ages and sound would better support aphasic individuals in
appointment management tasks. Thus, the NESI planner
interface retains as much of the ESI Planner interface as
possible while removing sound and image functionality.
Figure 4 shows the equivalent screen-capture of NESI
Planner to that of the ESI Planner in Figure 3.

Participants

Nine aphasic individuals participated in the study. Our goal
was to have eight participants complete the study, and one
of the nine participants was unable to do so. Nonetheless,
we believe his data provides valuable insights into the
evaluation process, and thus we include it in our discussion.
Participants ranged in age from 47 to 86. They had a range
of educational backgrounds from high school completion
up to post-graduate education. There were 1 female and



Figure 4: The NESI Planner interface showing the same
data view as ES| Planner in Figure 3.

8 male participants. None of the 9 participants were part of
the participatory design phase of the ESI Planner.

Participants were selected to be at least one year post onset
to ensure a minimum level of stability had been reached in
health and rehabilitation. Most had some experience with
computers; only one had not used a computer previoudly.
All possessed an interest and willingness to learn. While
nine participants would be considered small in a traditional
user study, it is a sizeable number for this population. The
study was conducted in a location that was convenient to
each participant, most often at a stroke or aphasia club to
which they belonged. Two individuals, however, preferred
to come to the university. While working with the planners,
only the researchers and the participant were present. The
ESlI Planner was designed to be used independently, and
therefore caregivers were not involved in the evaluation.

Methodology

Given the extensive individual differences inherent in our
population, a within subjects design was chosen. We coun-
terbalanced the order in which participants viewed the inter-
faces to control for learning effects. Based on recommen-
dations from speech-language pathologists, we included
two sessions, neither of which lasted more than 90 minutes.
The first session, conducted by a computer science re-
searcher, was the planner evaluation session; participants
performed a set of tasks with one planner, took a break, and
then completed an isomorphic set of tasks with the second
planner. The second session comprised a speech and lan-
guage assessment conducted by a certified speech-language
pathol ogist.

A 90 minute evaluation session alowed participants to
spend at most 30 minutes with each interface, with the re-
maining 30 minutes for interviews, and administrative de-
tails. The study design was piloted with SS from the par-
ticipatory design phase, reveding that at most 10 tasks
could be completed in a 30 minute trial.

One challenge was determining appropriate task scenarios.
It would not have been redlistic to test participants on the
management of appointments with people and places they
had never seen before, nor was it practical to create fully
customized databases for each participant. We chose a
compromise and constructed databases of 15 famous people
and 15 famous places. At the start of the session, partici-
pants were given the opportunity to go through the data-
bases and eliminate up to 5 unfamiliar faces and 5 unfamil-
iar places (No participant selected the maximum 5 unfamil-
iar entriesin either category).

The 10 tasks were broken into three primary categories:
retrieval, creation, and modification. In addition there was
one compound task where the participant was asked to
count the number of appointments matching a specific crite-
rion (e.g., appointments with Marilyn Monroe) over a pe-
riod of time. For each of the three categories, the participant
was first given a demonstration of the task by the researcher
and then given three similar tasks to perform. The first two
of these tasks were presented in written form, but read
aoud if necessary. The second task was considered to be a
more reliable indication of the participant’s ability to com-
plete the task, as any misunderstandings could be clarified
during the first task. The third task was given verbally with
written cues if necessary and was designed to evaluate the
participant’s ability to manage the planner with auditory
instructions only. Given the individual differences in par-
ticipants' language abilities, these different task presenta-
tions were used in order to evaluate the effect of task pres-
entation on participant response. Figure 5 shows an exam-
ple appointment creation task. Pictures were used where
possible to highlight information, and information was
chunked so asto facilitate reading comprehension.

Create an appointment 4A
With % Person: Marilyn Monroe
At Place: Eiffel Tower
When?
Date: September 14, 2003
Start Time:  4:00pm
End Time: 5:15pm

Figure5: Example of awritten task used in the evalua-
tion of ESI Planner.

Designing tasks such that the time for the participant to
communicate the result would not dominate the task time
was particularly challenging. For example, to test appoint-
ment retrieval the participant might be asked to find out
with whom a particular appointment is scheduled. The de-
sired measure in such a task is the time it takes the partici-
pant to determine with whom the appointment is schedul ed,
and thus should not include the time taken to communicate



the result, which could vary significantly among partici-
pants and even among tasks for any one participant. There-
fore, to assess task success we relied on self-assessment.
Participants were instructed to take time before beginning
each task to ensure that they understood the task. When
they felt they understood, they were to begin by tapping a
start button. This button switched the display to the planner
interface and started the task timer. A done button was
added to the interface for our study as shown in the upper
right hand corner of the screen in Figures 3 and 4. When
participants felt they had completed the task, they were to
tap the done button. This stopped the timer, and hid the
planner interface between tasks.

The 10 tasks were given to the participant one at a time.
When 30 minutes had expired, the researcher indicated to
the participant that it was time to stop and move on to the
next part of the study.

Video recordings were used to capture interactions between
the participant and the system, including unsuccessful
screen taps that could not be captured in a system event log,
and verbal interactions between the participant and the re-
searcher. A listing of all commands issued and task times
was recorded in atime-stamped file.

After both interfaces had been evaluated, the researcher
conducted a structured interview to capture information
which included participants computer experience, daily
planner usage, and interface preferences.

Dependent Measures
The following quantitative measures of performance were
used for each of the two planners:

Task time: sum of all task times
Tasks correct: number of tasks completed correctly
Tasks incorrect: number of tasks completed incorrectly

The qualitative self-reported measures captured in the in-
terview and used for ranking the planners were as follows:

Fastest: which planner was fastest

Easiest: which planner was easiest to use

Preferred: which planner was preferred overall

Long term: which planner would be preferred if the
participant had alonger time to spend using it

Individual Differences

Participants©language abilities were assessed using the
Western Aphasia Battery [8], a standardized battery that is
widely used to assess language impairments in aphasia. On
the basis of assessment results, participantsCabilities in the
areas of speech, auditory comprehension, reading, and writ-
ing are described in terms of severity (seetop of Table 1).

Results

On average, participants spent 17 minutes and 12 seconds
doing tasks with ESI Planner, compared to 15 minutes and
47 seconds with NESI Planner (These figures include par-
ticipants who reached the 30 minute time limit, however,

the same number of participants reached the limit in each
condition - 3 ESI, 3 NESI). While the task time comparison
is not statistically significant, it may suggest that ESI Plan-
ner takes longer to learn.

Participants did, however, complete significantly more
tasks correctly with ESI Planner (F(1,7) = 10.3, p<.02). On
average they correctly completed 7.9 tasks with ESI Plan-
ner, and only 6.8 tasks in the NESI Planner. So athough
ESI Planner may not be faster than NESI Planner, it does
result in more accurate performance. Figure 6 shows a chart
of the individual scores for tasks correct. In line with the
finding that participants completed more tasks correctly
with ESI Planner than with NESI Planner, participants
completed fewer tasks incorrectly with ESlI Planner, com-
pleting on average 0.9 and 1.1 tasks incorrectly with ESI
Planner and NESI Planner respectively. However, this re-
sult is not statistically significant.

Total Tasks Correct by Participant

O ESI mNESI

12
10

Total Tasks Correct

o N A O

SR Cw CB WwWv JP GP NF MM

Participant

Figure 6: Number of tasks completed correctly in each
interface by participant. (N=8)

We further analyzed the results to see if the format in which
atask was presented (written vs. auditory) had an effect on
task success. For this comparison, we considered the three
auditory tasks given, and the second three of the six corre-
sponding written tasks. However, as each of our partici-
pants was equally impaired in reading and auditory com-
prehension no conclusions could be drawn from this data.
Our belief is that presentation format needs to be custom-
ized to ensure that each participant’s strengths are lever-
aged. However, further studies with participants specifically
chosen to differ in reading and auditory comprehension
would be needed in order to verify this.

Qualitatively, participants were asked to rank the planners
in four categories: fastest, easiest, preferred, and long term.
The results of these questions are shown in the bottom of
Table 1. They are shown with the results of the language
assessments as the combination of the two measures reveal
some interesting results.

In general, participants were evenly divided in their prefer-
ences. However, when language assessments are taken into
account, trends emerge that suggest a higher preference for
ESI Planner for certain types of users. The 3 participants
who consistently ranked NESI Planner higher had mostly
mild deficits (WV, JP, GP). Of the 5 participants who



Table 1: Top- speech and language classificationsreflecting WAB scor es as follows: mild (8-10), moder ate (4-7),
and severe (0-3). Bottom — self reported planner preferences. (N=9)

Measure SR CWwW CB \AY JP GP NF MM ET
Speech mild severe moderate mild mild mild severe mild severe
Auditory moderate  moderate mild mild mild mild moderate mild severe
Reading moderate  moderate mild mild mild mild moderate mild moderate
Writing severe severe severe mild moderate mild severe mild moderate
Fastest Neither ESI ESI NESI NESI NESI ESI ESI n/a
Easiest Neither ES ES NESI NESI NESI NESI ESI n/a
Preferred ESI ES ES NESI NESI NESI ESI ESI n/a
Long Term ESI ES NESI NESI NESI NESI ESI ESI n/a

"As ET did not complete the evaluation session his data is provided here for observational purposes only

preferred ESI Planner, 4 had two or more moderate or se-
vere classifications (SR, CW, CB, NF). Although we cannot
conclusively say anything about the influence of any one of
the language ratings, we believe reading is most likely the
predominate factor in influencing this split. For participants
with only mild reading deficits, navigating NESI Planner
was relatively easy; however, when reading is at least mod-
erately impaired?, the image and sound support ESI Planner
provides became important for task success.

A final observation refers to participant ET, who was un-
able to complete the study. ET had a severe auditory com-
prehension deficit, whereas al other participants had only a
mild or moderate deficit in this category. This, combined
with his severe or moderate deficits in al other areas, may
have made it difficult for ET to communicate with the re-
searcher and to understand the tasks presented. Based on a
conversation with ET’s caregiver after the session, we
strongly suspect that his difficulties with the experimental
evaluation do not reflect his actual ability to learn or use the
interfaces presented. Rather, we believe ET required more
time to acclimatize himself to the device and the tasks, and
more support from the researchers. This finding highlights
the limitations of experimental evaluation and reinforces the
need for alternative evaluation techniques.

The results presented here reflect a preliminary analysis of
the data. Ongoing analyses of the video data and log files
are under way.

IMPLICATIONS

The implications of this work have been divided into two
broad categories: guidelines for working with specia popu-
lations, and guidelines for designing accessible handheld
technology. Each of these topicsis discussed in turn.

2 There were no participants in this study with severe reading
impairments; we predict that for such individuas, preferences
would be the same or stronger as for those with moderate read-
ing impairments

Guidelines for working with Special Populations
Working with special populations presents many chal-
lenges. Within our work with aphasic persons, the most
notable challenges included interpreting data from a popu-
lation with large individual differences, recruiting sufficient
participants, addressing mobility and transportation issues,
and communicating with participants. The guidelines below
relate to methodological insights that emerged throughout
our work and that address these challenges.

Assess abilities through standardized tests

Speech and language assessments proved invaluable. They
provided insights into the results that would not otherwise
have been apparent. It is important to note that these as-
sessments provided more than mere confirmation of the
researchers informal intuition. In many situations, the re-
searchers were surprised by the results of the assessment;
many aphasic individuals have developed sufficient com-
pensatory skills to mask the extent of their deficits.

Connect with existing groups and organizations

The cooperation and assistance of aphasia and stroke clubs
aided immeasurably in the execution of this research. They
facilitated recruitment by helping us contact participants
and mitigated transportation needs by allowing us to use
their facilities as a common place where we could meet
with several participants in one visit. It isimportant to note,
however, that this was not a perfect solution. Performing
the research off-site meant giving up most of the benefits of
acontrolled laboratory. Aphasia centers and stroke clubs do
not generally have extra resources, and thus space offered
to us was typically the personal office of one of the organ-
izers. While the club facilitators were sensitive to the needs
of the researchers, they also had their own jobs to perform.
This ultimately led to several unavoidable disturbances
throughout the course of the study.

Gain practical experience with the target population
The most difficult challenge in this work was communicat-
ing effectively with participants. Extra time had to be allot-



ted to ensure participants had sufficient time to fully under-
stand the tasks and ask questions. While this was a chal-
lenge throughout all phases of this research, it was particu-
larly significant during the experimental evaluation phase,
where timing was critical. In that stage, the sensitivity de-
veloped by the researchers during the participatory design
phase was critical to minimizing the effect of communica
tion barriers on the research outcome.

Guidelines for Accessible Handheld Technology
Modifications to increase the accessibility of the keyboard
date back to the 1980® [4]. However, similar accessibility
options are not available for handheld devices. The tap in-
teraction of the handheld is problematic for many users with
motor control impairments® as it provides no support for
targeting. With a mouse, one can carefully line up the
pointer until it overlaps with the desired target, and then
push the mouse button, but with tapping thisis not possible.
Some of our participants managed to work around this
problem by using inactive space around buttons as a “land-
ing zone” from which they could drag the stylus to the tar-
get. Thus it is important to ensure that accessible stylus-
based technology is designed with sufficient inactive space
available to permit targeting.

Another problem identified with the handheld device was
tap sensitivity. Motor control limitations caused some indi-
viduals to tap repeatedly, causing unexpected behavior in
the system. Unlike on the desktop, where accessibility op-
tions allow users to customize the sensitivity of key input,
there is no such functionality on the Pocket PC operating
system. Such functionality is required if these systems are
to be used for assistive technologies.

CONCLUSIONS AND FUTURE WORK

We have presented a description of the process used to de-
sign an accessible multi-modal daily planner for people
with aphasia. Participatory design followed by a formal
evaluation was central to ensuring that the resulting tech-
nology was usable by the target population. The exploratory
evaluation revealed that the multi-modal planner did im-
prove the ability of aphasic participants to manage ap-
pointment data and was preferred by participants who had
moderate impairments.

It is not uncommon for assistive technologies to fail to be
adopted even after demonstrating success in clinical or
laboratory settings [3]. The participatory process used to
design the ESI Planner, together with our lab-style evalua-
tion, give us confidence that we are on the right path to
achieving an adoptable technology; however, more evalua-
tion is required. Our next steps will be to refine the design
based on findings from the current study and then work
towards afield evaluation. Given the wide range of abilities

3 While not strictly associated with aphasia, motor control im-
pairments are common in the elderly population.

of our target population, we expect that deep customizabil-
ity will be required in the final design.
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