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Meaning can be as important as usability
in the design of technology.

| BY KRISTEN SHINOHARA AND JOSH TENENBERG

A Blind
Person’s
Interactions
with
Technology

CURRENT PRACTICE IN computer interface design
often takes for granted the user’s sightedness. But a
blind user employs a combination of other senses in
accomplishing everyday tasks, such as having text read
aloud or using fingers along a tactile surface to read
Braille. As such, designers of assistive technologies
must pay careful attention to the alternatives to sight
to engage a blind user in completing tasks. It may be
difficult for a sighted designer to understand how
blind people mentally represent their environment or
how they apply alternative options in accomplishing a
task. Designers have responded to these challenges by
developing alternative modes of interaction, including
audible screen readers,'' external memory aids for
exploring haptic graphs,* non-speech sounds for
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navigating hypermedia,'® two-finger
haptic interfaces for touching virtual
objects,?? haptic modeling of virtual
objects,”® and multimodal (auditory,
haptic, visual) feedback for simple
computer-based tasks.’ The effective-
ness of these alternative modes of in-
teraction is studied primarily through
a usability framework, where blind and
visually impaired users interact with
specific devices in a controlled labo-
ratory environment. These develop-
ments in assistive technology make a
point to take advantage of the alterna-
tive modes of interaction available to
blind users.

Physical obstacles are not the only
considerations affecting interaction
between blind users and everyday ar-
tifacts. As we found in this study, ele-
ments of meaning, such as socializa-
tion, efficiency, flexibility, and control,
strongly influence the use of both digi-
tal and non-digital artifacts by blind
users. Taken-for-granted factors, such
as an individual’s social ties or busy
schedule, might determine whether
and how an object is used. Therefore,
designers may need to pay close atten-
tion to the external factors that influ-
ence an individual’s choice and use of
technology. Conversely, and equally as
important, designers must also con-
sider how an individual’s internal val-
ues and desires affect their technology
preferences.

The study described here is an in-
depth exploratory and descriptive case
study** of a blind individual using vari-
ous technologies in her home. Previ-
ous studies in lab settings compared
interactions against a set of heuristics
or with a control group, allowing re-
searchers to isolate events in order to
understand howusersinteractwith spe-
cific technologies on a narrow range of
tasks. We took this study out of the lab
and into the home to get a better sense
of the nuances of everyday life influ-
encing how a blind user interacts with
technology. It differs from the usability
approaches in several ways. First, we
wanted to look across a range of tech-
nologies for common kinds of task fail-
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BrailleNote from HumanWare; http://www.humanware.com/en-usa/home.

ure and workarounds, rather than on a
single technology or task. Second, be-
cause emerging technologies involve
a choice of what to place in hardware
and what to place in software, such
as whether to have physical or virtual
buttons on a cellphone, we wanted to
investigate user interaction with both
digital and physical objects to better
understand the trade-offs in hardware
vs. software design choices. Third, the
investigation was situated within the
individual’s home rather than in the
laboratory to better understand arti-
fact use in a naturalistic setting. And
fourth, our interviews concerned not
only usability but aesthetics, affect,
meaning, historical associations of use
in context, and envisioning of future
technologies. Overall, we were con-
cerned about what technologies were
most valued and used, when they were
used and for what purpose, the difficul-
ties experienced in their use, the work-
arounds employed, and the meanings

and interpretations associated with
their use.

Without careful consideration for
both the limitations in usability and
the meaning of the interactions af-
fecting blind users, sighted technol-
ogy designers may unwittingly create
interfaces with the wrong affordances
or that are dissonant with a user’s per-
sonal preferences, resulting in task
failure. Already known is that the visu-
ally impaired must make alternative
accommodations to accomplish the
same tasks day in and day out. What is
little known is how much of an influ-
ence an individual’s personal values
and surroundings have on the choice
of where, when, and how technology
is used. Observations in a user’s home
of interactions with existing technolo-
gies may provide insight into the way
surroundings and personal prefer-
ences are drawn on to help complete
daily tasks.

As we suggest in the study, the com-

bination of functionality and socially
situated meaning determines for the
user the actual usability of a technol-
ogy to accomplish specific tasks. These
technologies hold meaning that affects
the ways individuals understand them-
selves in relation to the communities
to which they belong.

Background

Developing the study, we drew on a
number of literatures, including in as-
sistive technology for people with visu-
al impairments, task breakdowns and
workarounds, and design ethnography
in the home:

Design ethnography. The study de-
sign reflects Clifford Geertz’s view that
“man is an animal suspended in webs
of significance he himself has spun.”®
Significance is constructed not only
from behavior and discourse, but in
the materials with which people inter-
act. Many are mundane objects—mea-
suring cups, cellphones, sticky notes.
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And yet, as Csikszentmihalyi and
Rochberg-Halton® wrote, these objects
become infused with meaning through
use and association. “Humans display
the intriguing characteristic of mak-
ing and using objects. The things with
which people interact are not simply
tools for survival or for making survival
easier and more comfortable. Things
embody goals, make skills manifest,
and shape the identities of their users.
Man is not only ~omo sapiens or homo
ludens, he is also homo faber, the maker
and user of objects, his self to a large
extent a reflection of things with which

he interacts. Thus objects also make
and use their makers and users.”® If,
as technology designers, we desire to
improve the human condition through
our intentional acts of design, then our
central concern should be the ways in
which technologies are woven into hu-
man webs of significance.

In order to elicit a more holistic per-
spective on the usability of artifacts
for a blind individual, we extended the
study of human-machine interaction
from the workplace into the home, as
have other recent researchers.>* Draw-
ing on traditional ethnographic meth-

Limitations and workarounds.

Object/Task Limitation Explanation Workaround Key Insight
Navigating JAWS does Other keys Keeps trying Socialization.
with JAWS something other might have been different key Negatively affects

than the intended
action.

hit by mistake.

combinations; online interactions.
satisfactory

but inefficient.

Tactile watch
lacks alarm
function.

Setting alarm
on tactile watch

Sets alarm Efficiency. More

on other efficient than using
electronic multiple other
devices. devices as alarms.

Accessing time
on Talking Watch

Watch is “clunky”
and obtrusive.

The talking
draws unwanted
attention to her
from others.

Use of tactile Socialization.

watch is Does not want
consistently to call attention
successful. to herself.

Searching She cannot quickly Labels do not fit on Mentally organize  Efficiency. Search
for aCD read CD covers; case spines. by preference, process slow

in worst case read one at a but effective.

requires linear time; efficient and

search through all reliable.

CDs.
Labeling CDs Labeler creates Sighted people do  Gives unlabeled Socialization. Wants
for sighted only Braille labels. not know how to CDs to friends. to create print labels
friends with read Braille. for CDs for friends.
labeler
Labeling CDs Creating labels is Often does not Independence.

for herself
with labeler

time consuming.

Labels allow control
of surroundings.

label discs.

Measuring water Cannot see Difficult to tell
with measuring orientation if a cup is right side
cups of the cups. up when held

by flat handle.

Uses free hand
to feel orientation
of cup before
measuring.

Cannot see where
the bowl is in
relation to the sink.

Pouring water
from cup into
bowl

Forgets location
of other utensils
on countertop.

Uses free hand to
keep cup level and
find bowl.

Receiving text Unable to access

Text messages

Finds a friend to Control. Prefers

messages and read messages available only via  read messages calling others to

by cellphone received. visual screen. to her; inefficient  getting help for
and unsatisfactory. text messages.

Taking notes Cannot jot Cannot read print ~ Uses her Independence.

on BrailleNote things down with  even if she can BrailleNote as a Saves notes and

paper/pencil. write print. notebook to store  phone numbers and

data. helps plan the day.

Transferring Lacks ready Only other data Uses floppy drive;  Efficiency.

data from access to access device
BrailleNote to transfer files. is external
computer floppy drive.

This inefficient
method highlights
unnecessary
frustration.

reliable but slow
and inefficient.
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ods used in the social sciences,®'® this
research examines the situated, physi-
cal interactions between people and ar-
tifacts, as well as the meanings people
attribute to specific technologies and
the personal perspectives they bring to
their interactions. As Bell et al.”> note:
“The potential situated meanings of
domestic technology are fluid and
multiple, connecting with a range of
discourses, such as work, leisure, class,
religion, age, ethnicity, sex, identity,
success. Meaning may also be embod-
ied in artifacts through the historical
contexts of use.”

Though undertaking this investiga-
tion from the comfort of our university
lab would have been convenient for us
as researchers, doing so would have
undervalued the importance of place
in evoking the meaning of everyday
things. Homes are not just shelter, but
places where people dwell, where one
finds the “lived relationships’ that
people maintain with places.”” Our
intention was that by observing and
interviewing in our informant’s place
of dwelling, deeper associations of
significance would be evoked related
to the objects found there. As the eth-
nographer Keith Basso' points out,
“places possess a marked capacity for
triggering acts of self-reflection, inspir-
ing thoughts about who one presently
is, or memories of who one used to be,
or musings on who one might become.
That is not all. Place-based thoughts
about the self lead commonly to
thoughts of other things—other plac-
es, other people, other times, whole
networks of associations that ramify
unaccountably within the expanding
spheres of awareness that they them-
selves engender.”

Breakdowns and workarounds. We
are interested in both the success and
failure a nonsighted person experienc-
es in interaction with technological ar-
tifacts. We are particularly interested in
understanding the task failures, what
Winograd and Flores?! called “break-
downs” in that they reveal what is often
invisible during successful artifact use.
Task failures are unsurprising, given
that many of the artifacts used daily by
people who are blind have been con-
structed in a coevolved biological and
social world in which sight is the norm.
Task failures are also not failures in the
sense that they are merely the stopping



point at which the user has implement-
ed an alternative means of continu-
ing the task. This alternative includes
other methods of task completion,
receiving outside help, or choosing to
discontinue the task entirely. We are in-
terested in the reasons for breakdowns
and in the adaptive strategies, or work-
arounds, that are developed to carry
out necessary tasks. “New design can
be created and implemented only in
the space that emerges in the recurrent
structure of breakdown.”?' By focusing
on the point at which a blind user de-
tours from the designer’s intended in-
teraction, we begin to understand what
motivates each workaround. We thus
focus our data collection and analysis
on the kinds of workarounds a non-
sighted person adopts in carrying out
everyday tasks and their implications
for design.

Assistive technology. General guide-
lines exist for providing universal ac-
cess to computing technology. One of
the most influential is the W3C’s Web
Accessibility Guidelines (WCAG) 1.0,%
which includes “Provide equivalent
alternatives to auditory and visual con-
tent” and “Ensure user control of time-
sensitive content changes.” They sen-
sitize designers to the fact that people
interacting with their Web sites might
not all have the same physical and cog-
nitive abilities. Still, universal guide-
lines can easily obscure differences be-
tween people with different abilities,
providing little guidance for designing
for different interactional needs. For
example, the guideline “Don’t rely on
color alone” from WCAG 1.0 is of little
use in designing Web sites for people
with total blindness.

Research focused on people with
visual impairments has yielded a
number of guidelines tailored more
specifically to this population, such as
“Non-speech sounds should be used
to provide information and feedback
about commands or events rather
than verbal message”'® and “[provide]
multimodal feedback as a means of
improving task performance, especial-
ly for individuals with visual impair-
ments.”'® By employing a more eth-
nographically centered approach, we
expand on previous studies, building
on and complementing that research.
Doing so, we hope to further under-
stand how a blind user’s experience

Our interviews
concerned not

only usability

but also aesthetics,
affect, meaning,
historical
associations of

use in context,

and envisioning of
future technologies.
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and social context in addition to phys-
ical limitations affect the use of tech-
nology. Moreover, by more narrowly
focusing on a computer user among
the 0.03% of people in the U.S. with
congenital blindness® (as opposed to,
say, someone from among the 3.33%
of the U.S. population with age-related
macular degeneration'®*?), we hoped
to develop insights more specific to
this smaller population. This is con-
sistent with Newell and Gregor’s con-
cern' that “...except for a very limited
range of products, ‘design for all’ is a
very difficult, if not often impossible
task” since “[pJroviding access to peo-
ple with certain types of disability can
make the product significantly more
difficult to use by people without dis-
abilities, and often impossible to use
by people with a different type of dis-
ability.”

We focused on someone with con-
genital blindness for two reasons: The
first was personal, since the first au-
thor has a close friend with congenital
blindness, and the project was inspired
by informal discussion and interac-
tion with this friend. The second was
our belief that working with someone
who had never had even residual sight
would help highlight our taken-for-
granted knowledge as researchers.
Moggridge'® captures this perspective
when he wrote, “When we want to learn
about people, it is important to include
some who represent critical extreme
values of the relevant characteristics,
to avoid the trap of designing only for
the average.”'* We undertook this re-
search as sighted “outsiders,” not as
members of a blind community. In this
regard, our perspective in relation to
the research subject is much like that
in a contextual inquiry,® where the de-
sign researcher seeks to understand
the situated work practices in a partic-
ular setting through observation and
discussion during the performance of
the practices in situ.

Method

This case study of a congenitally blind
college student, Sara (name changed to
maintain confidentiality) took place in
six sessions of approximately two hours
each over a four-week time period in
February and March 2006. The first au-
thor conducted all interviews, which
were tape-recorded during each meet-
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ing as cotemporaneous notes were tak-
en. These sessions were conducted in
Sara’s home, where she demonstrated
tasks and shared her feelings about
the artifacts used. Adapting Blythe
et al.’s “Technology Biographies” in
these sessions, particularly “Technol-
ogy Tours,” “Personal History,” and
“Guided Speculation,” we asked Sara
to choose software and non-software
artifacts to demonstrate and discuss.

She shared her BrailleNote, a chord-
al keyboard combined with refresh-
able Braille display and voice output,
and demonstrated how she reads and
writes using the device. She showed
how she uses her cellphone to send
and receive phone calls. She demon-
strated her use of a Braille labeler to
create embossed Braille tape she used
to label the buttons on a microwave.
She showed how she uses her Lan-
guage Master (a voice-output electron-
ic dictionary), including how she uses
it as a thesaurus, to play games, and to
look up words. She discussed her CD
collection and demonstrated how she
searches for and plays CDs. She dem-
onstrated her screen-reading software
(Job Access With Speech, or JAWS) by
navigating a class-discussion Web site.
She demonstrated how she uses plastic
measuring cups for everyday cooking
tasks and how she tells time using her
tactile wristwatch.

We applied the Technology Tours,
which involves asking how these items
are used (“How would you go to a link
in a Web page using JAWS?)” and ob-
serving her use of the object while con-
currently listening to (and recording)
her descriptions of her own actions.
Using Personal History questions, we
asked her to recall early memories
about each object, as well as how she
felt when she used it. Finally, using
Guided Speculation, we asked her to
describe any desire she had for each
object or task in the future. Adapting
Technology Biographies to our set-
ting, we borrowed a protocol suited to
a context-specific elicitation of tech-
nologies-in-use that are part of Sara’s
everyday world.

Sara demonstrated and discussed
a variety of digital and non-digital ar-
tifacts she selected herself. We asked
her to select them for two reasons:
First, it allowed her to choose those
she felt comfortable with and that

We focus our
data collection
and analysis
on the kinds of
workarounds
a nonsighted
person adopts
in carrying out
everyday
tasks and their
implications
for design.
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were personally important to share
in the context of the study. Second,
allowing this breadth of artifacts ex-
tended the range of observations and
topics discussed, contributing to the
depth of the analysis of her interac-
tions overall. In this sense, we can be
confident that insights we draw across
these digital and non-digital artifacts
are representative of Sara’s character
and intentions.

Analysis

Throughout our note-taking and de-
briefings of interview sessions, we
worked iteratively to capture our in-
sights about limitations and work-
arounds, validating early conjectures
with the subsequent data we collected.
We shared our insights with Sara in
subsequent interviews, soliciting her
feedback and asking for additional
clarification. We provide a brief ex-
ample of this type of analysis for both
a digital and a non-digital object in the
remainder of this section.

We also summarize a sample of
the data and insights from Sara’s in-
teractions in the table here. For most
of the actions demonstrated, Sara
had a workaround in situations where
the default method failed her. For in-
stance, with JAWS, Sara implemented
a method of retracing her steps again
until she was able to accomplish her
task. Similarly, she navigated her ex-
tensive CD collection through a mix
of spatially memorized locations and
linear search. In each interaction, she
negotiates efficient ways to accomplish
her tasks. Other objects, such as tactile
watch, cellphone, and labeler, reflect
the importance of social context and
independence on her choice of object
and task or as a cause of frustration.

Tactile watch. Sara’s tactile watch
has Braille-like dots to mark the time
on a clock face and a clear glass cover
over it to protect the dots and watch
hands. She easily flips open the lid to
feel the time the hands point to. In-
terviews revealed her desire to avoid
the kind of attention a talking digital
watch might attract.

Sara: “I have a couple of talking
watches, too. I just feel, I don’t know
like, I have a weird thing, I don’t want
to say that it’s a bad thing or in any way
put those things down, but I personally
feel sort of embarrassed when I have to
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push a button and then people hear it
and they’re all like ‘What is that?’ and
it just kind of draws attention to me, I
feel like, in the wrong way—in a way I
don’t want attention drawn to me. So I
just kind of try to avoid that as much as
possible.”

Unlike her talking watches, Sara
found her tactile watch to be quiet,
unobtrusive, and efficient at helping
her tell the time. She also said that
while the tactile watch was convenient
and discreet enough for telling time,
it lacked a built-in alarm function; in-
stead, she relied on other electronic
timekeeping devices for her morning
alarm. She also described the delicate
nature of the watch’s physical makeup,
sharing anecdotes of how easily the
glass cover cracked or how frequently
the batteries died and the inconve-
nience it caused. She also talked about
preferring the aesthetic appeal and
comfort of the tactile watch compared
to her talking watches:

Interviewer: “Are there other prefer-
ences you have to your [tactile] watch,
as opposed to the talking watches?”

Sara: “It’s more comfortable... The
other ones kind of look like big clunky
sports watches. Sort of chunky. I just
feel like it’s more comfortable.”

JAWS screen reader. Sara’s JAWS
screen reader works alongside her
Windows operating system. She uses
it to read aloud the text in the appli-
cations on her monitor by controlling
an on-screen cursor through a series
of hotkeys. Sara uses JAWS as a means
to use her software applications: in-
stant messaging, email, browsing the
Internet, word processing, and back-
ing up CDs.

Although JAWS increases her access
to her computer, many interaction is-
sues remain. For example, because
JAWS is a text screen reader, it does
not recognize pictures and graphics
(ranging from chat emoticons to navi-
gation tools on Web sites) and often
gives vague feedback in describing
where a graphic is placed in a docu-
ment or Web page. One of the biggest
challenges of using a screen reader
is orientation and navigation. If Sara
moves to another task or accidentally
hits the wrong hot key, she might find
herself in an unfamiliar virtual setting
that requires her to suspend the cur-
rent task, reorient herself, then resume

Braille watch with retractable glass cover
and tactile numbers and hands.

where she left off. Her tenacity in the
face of these obstacles is illustrated
in the following transcript segment in
which she is trying to navigate through
frames on a course home page to get to
a discussion board.

Sara: “...I'm going to go back into
the links list [JAWS speaks through the
links in order: “communication, as-
signments, rules, contacts...”]no,silly, I
wanted to go to discussion board. [tries
afewmore links, and the computer says
them outloud] okay, it’s not in the right
place where I thought it was. Let me try
that again, I'm sorry. [starts through
the links list again] Okay, discussion
board, I'm tabbing through this time
and not going through the links [the
computer talks] I'm on there, c’mon go
back to the discussion board [silence,
then the computer speaks] come on...
Go to the discussion board. Now. [the
computer speaks again] okay, let’s try
this again. I'm going to right-click it. I
press the right mouse button, which is
this one... Okay, press Enter and see if I
go anywhere. Why is it misbehaving?”

At this point, having tried all that
she could think to do, Sara is frustrated
and anxious to move on. It is only on
starting over by reentering the URL of
the Web page and carefully stepping
through each action that she finally is
able to find the discussion board.

Sara: “Okay, now it’s taking me back
to the home page. So let’s try this again.
Okay, I'm going back into the links list.
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Pressing Enter. Come on... [quiet for
some time; the computer appears to be
opening the link and suddenly speaks
again] Oh, here we go. [the links list ap-
pears on the screen] Okay, now let’s go
to the discussion board. ‘D’ for discus-
sionboard.[the computer goes through
the details for the page, a heading, the
number of links, and more].”

Sara employs two specific, strate-
gic workarounds here. First, she tries
all the options available to her. When
none lead to the expected outcome,
she aborts the original operation and
begins again. Both tactics are brute-
force, when-all-else-fails solutions that
are time-consuming and sometimes
frustrating but that are most likely to
yield desired results. As multiple pro-
grams are always running on the com-
puter, just making a diagnostic check
of where things are “located” can be
time-consuming and difficult. This
sometimes poses limitations on the
usability of JAWS; Sara’s workaround
here is to repeatedly try different opera-
tions until her intentions are fulfilled.
From this experimentation and prac-
tice, she is able to learn pragmatically
what works and what doesn’t.

Though the quotes indicate the
considerable usability problems Sara
encounters in using JAWS, they also
affect issues of socially situated mean-
ing. As a student, she relies on the
computer and Internet for social con-
nections and course-related commu-
nication. Raising the cost of perform-
ing relatively simple operations that
are error-prone and resistant to effi-
cient workarounds affects Sara’s abil-
ity to access the information required
to be a full participant in courses and
engage in social interaction online.

Insights

Having understood limitations and
workarounds in isolation, we identi-
fied recurrent themes common across
objects and tasks. Sara’s actions and
associations with objects and tasks
were guided by both the usability of the
object and the meaning she accorded
to the task. A stronger personal prefer-
ence or significant item or task often
motivated her to overcome physical ob-
stacles at almost any cost. In the table,
the “Workaround” column lists the al-
ternatives Sara employed to get around
limitations. Additionally, we added
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personal assessments Sara might have
developed on each workaround, show-
ing her distaste for very inconvenient
workarounds, such as getting a friend
to help. Often these unsatisfactory
workarounds were avoided, generally
indicating the task was also avoided.
When Sara was required to type in the
letters shown in a picture to gain access
to a Web site, her frustration with the
workarounds (call tech support or get
sighted help) led her to drop any Web
site that required such actions. Items
or actions that held little personal sig-
nificance were easier to pass up if the
physical interaction was too time-con-
suming or made her uncomfortable.

Our focus on usability and socially
situated meaning generated several
insights based on Sara’s workarounds
into what motivates her use of an ar-
tifact. The following sections provide
a general classification of the issues
Sara faced when interacting with arti-
facts and technology. Specific, person-
al preferences included her motivation
to seamlessly engage with her environ-
ment, a world often contextualized for
sighted people. Facets of design in-
cluded those areas of interaction that
caused her frustration, such as lack of
control, or that created or eliminated
barriers to content, such as tactile
feedback.

Socialization within a predominant-

—_—
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Braille labels help identify objects and content.
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ly sighted community. Several of Sara’s
decisions reflect her desire to be in-
cluded in her community of sighted
friends and family and to include oth-
ers in her life as smoothly as possible.
Some choices she makes include us-
ing a tactile watch and prominently
displaying a bulletin board of print-
labeled photographs on her wall.
Asked why she had these labeled pho-
tographs, she said it was as a conver-
sation piece for when sighted friends
visit. She also said “I’'m the only blind
person on campus and I don’t know,
I just try to integrate myself into the
world and in that sense, you know, as
much as possible.” It is important to
consider design ideas supporting co-
hesive socialization with the people
within Sara’s social sphere. Showing
off her BrailleNote, she said she pre-
fers reading Braille, as opposed to lis-
tening to talking software, because it
is quiet.

She also said that carrying around
her awkwardly shaped labeler makes
her feel self-conscious and expressed
frustration when she is not acknowl-
edged in casual social situations due
to her blindness. A concrete design
modification she suggested is to allow
a Braille labeler to make print labels.
A dual print labeler would allow her to
create labels so she could better share
mixed CDs she makes for friends.
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Independence. Sara is independent
and tackles issues from multiple sides
until she reaches a solution. Object de-
sign should support her ability to be
independent and not require sighted
help. Sara’s independence was high-
lighted when she talked about taking
a cab when needed, rather than relying
on friends and relatives for transporta-
tion. She relishes the freedom her cell-
phone gives her, providing easy access
to others only if in need.

Control. For Sara to be able to main-
tain her independence, she must be
able to control significant factors that
ultimately help her accomplish her
tasks. Design should grant the user full
control of as many functions as possi-
ble and allow switching between inter-
action modes in different contexts. Evi-
dence of Sara’s desire to be in control
came from her tendency to stick with
tasks and objects she finds comfort-
able, avoiding things she can’t do, such
as going to Web sites with special ac-
cessibility pages. In working with JAWS
software, she showed tenacity in trying
all possible options before asking for
sighted help.

Efficiency. Compensating for sight is
often time-consuming; for example, if
Sara does not remember where she has
placed a CD, she must carry outalinear
search—pulling out a single disc case
from its position on her CD shelf, read-
ing the Braille label on the case, replac-
ing the CD, and moving on to the next.
For enhanced usability, efficiency is an
important factor to consider in an ob-
ject’s design. Sara’s accurate memory
and learned procedures help her use
certain items quickly. This efficiency
allows her to focus on the enjoyment
of certain items and tasks, such as us-
ing her CD player, rather than on the
mechanics of carrying out the tasks.
Conversely, inefficiency increased her
frustration and time to completion,
such as when she had to reorient her-
self while using JAWS.

Portability. Sara’s strong ties to her
cellphone can be attributed, in part,
to its small, easy-to-carry size. In con-
trast, she expressed annoyance toward
objects that were not as easily porta-
ble, such as her large and awkwardly
shaped Braille labeler. Object porta-
bility increases efficiency, supports
independence, and eases integration
within Sara’s social world.
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Distinguishability of similars. Usabil-
ity increases when Sara is able to dis-
tinguish among similar item features.
Where a sighted user distinguishes
similar features, such as among the
buttons on a CD player or CD cases in
a collection, due to written labels on
the items or by seeing each item’s po-
sition in a larger spatial context, Sara
had much more difficulty. She labeled
items in Braille that were otherwise
difficult to distinguish and used her
hands, fingers, feet, nose, and ears to
see what her eyes could not. Each op-
portunity for sensing and distinguish-
ing can be exploited by technology
designers. Design that aids identifica-
tion and distinguishability of other-
wise similar features, such as CD cases
with preprinted Braille identifiers and
cellphone keys with textured surfaces,
enhances ease of use, flexibility, and
efficiency. Sara showed how, with deft
fingers, she is able to distinguish differ-
ent-size measuring cups held together
by a common ring. She complained
that some cellphones lacked keys she
could identify by touch.

Brute-force backup. One fallback
problem-solving technique is to ex-
haustively try all possibilities. When
Sara became disoriented while dem-
onstrating her Language Master and
JAWS software, she tried all possible
options as much as possible. Due to
her self-described disorganization, her
linear search method for CDs is the
most effective tactic, but also very time-
consuming.

Flexibility and interoperability. Sara
took notes and read books on her
BrailleNote, but her model lacks exter-
nal storage, except for a floppy drive,
and does not include access to the In-
ternet. By considering how people will
use particular devices when carrying
out larger task landscapes,' such as
that Sara might not only want to take
class notes but share these notes with
friends using the Internet, designers
increase opportunities for use. De-
spite the many uses of her BrailleNote,
Sara wanted a laptop computer due to
its flexibility for Internet access, com-
munication, and storage.

Conclusion

We draw two main conclusions from
the study. The first is methodological.
We used an ethnographically inspired

Simply replacing
one interaction
mode, such as
the display of text
on a screen with
a functionally
equivalent mode,
as in speaking
the text aloud, is
not necessarily
equivalent from
the point of view
of user experience.
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investigation of a single, nonsighted
individual interactions with a vari-
ety of artifacts in her own home. Our
concern with not only usability but so-
cially situated meaning contrasts with
experimental designs focused on mea-
surement and control and with lab-
based usability studies. Although we
can state our conclusions as principles
associated with this individual’s pref-
erences and beliefs, such statements
are animated in the ways in which we
observed them. We are unsurprised
that, for instance, Sara’s sense of self
is intimately tied to her relationships
in her social network. How could it
not be? We are, however, surprised in
the specific ways in which this was em-
bedded in her choices about artifacts
and interactions. Such surprise—in
her wall of textually labeled photo-
graphs as conversation pieces for her
sighted friends, her preference for a
tactile watch because of how it looks
and feels, and the use, when she was
a child, of her talking dictionary as
an ice-breaker with friends—un-
doubtedly reflects our situatedness
(as researchers and as people) within
our own social worlds, the taken-for-
granted assumptions we carry with us
as sighted people.

To what extent are we able to gen-
eralize these results to other contexts
and other people? Though single-per-
son case studies are rare in human-
computer interaction, they have along
history in the social and behavioral
sciences. For example, studies with
single participants that have been in-
fluential were undertaken by Freud in
psychoanalysis,” Harper in sociology,’
and Luria in brain/mind studies.'? One
goal of case-study research is to devel-
op theoretical propositions that can
be used to guide subsequent research
studies and design efforts. However,
it is important to understand the dif-
ference between these analytic gen-
eralizations and the statistical gener-
alizations common in experimental
study designs. Emphasizing this dis-
tinction, Yin** writes, ““How can you
generalize from a single case?’... The
short answer is that case studies, like
experiments, are generalizable to the-
oretical propositions and not to popu-
lations or universes. In this sense, the
case study, like the experiment, does
not represent a ‘sample,’” and in doing
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a case study, your goal will be to ex-
pand and generalize theories (analytic
generalizations) and not to enumer-
ate frequencies (statistical general-
ization).” He further points out, “Sci-
entific facts are rarely based on single
experiments; they are usually based
on a multiple set of experiments that
have replicated the same phenome-
non under different conditions.”

We do not claim that our results gen-
eralize to all people in any particular
group, not even provisionally. Neither
do we claim that Sara is typical of any
group, such as people who are blind
or people with physical disabilities.
However, there is nothing so particular
about Sara that precludes these results
from applying to others who might be
similarly situated within their physical
and social worlds.

Our focus on a single individual
across a range of tasks and artifacts
allowed us to seek coherence in the
themes and patterns that spanned
many aspects of her life, something
we might have missed had we instead
looked at a small range of tasks and ar-
tifacts across several individuals. Also,
the range of tasks, including those in-
volving both computational and non-
computational artifacts, increases our
confidence that we captured the key is-
sues characterizing Sara’s interaction
with technology. Enabling more access
to technology may in fact require that
we look at increasingly specific popula-
tions so as to tailor technologies more
closely to people’s needs. However, our
case study, with its rich data across a
variety of interactions, provides a set of
hypotheses that can be used compara-
tively in other studies.

Our second conclusion reiterates
that it is the combination of function-
ality and socially situated meaning
that determines who will use technol-
ogy and how it will be used. Simply
replacing one interaction mode, such
as the display of text on a screen with
a functionally equivalent mode as in
speaking the text aloud, is not neces-
sarily equivalent from the point of view
of user experience. This is because
functional equivalence might not ac-
count for the meaning of the mode of
interaction for particular users in spe-
cific contexts. Efforts to provide multi-
modal support for people with percep-
tual and/or motor disabilities'** are

66 COMMUNICATIONS OF THE ACM

encouraging, not simply because of
the increased physico-cognitive sup-
port they provide. Rather, multimodal
support offers the possibility of using
different modalities on different tasks
and in different contexts, but only if
the designer allows this degree of user
control of interaction mode.

Paradoxically, increasing and uni-
versalizing access to technology might
require attending to the specific and
situated meanings of technology use
by particular populations in particu-
lar settings. Because technologies
invisibly embed taken-for-granted as-
sumptions concerning trade-offs in
functionality, usability, and situated
meaning, developing an understand-
ing of these trade-offs for particular
people and populations can improve
technology access for increasing num-
bers of people.
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