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ABSTRACT
Mobile devicesprovide peoplewith disabilities new opportunities
to act independentlyn the world However, these empowering (a)

devices have their own accessibility challengediVe present a

formative study that examines how p&with visual and motor | @
disabilities select, adapt, and use mobile devices in their daily (b) “
lives. We interviewed 20 participants wh visual and motor - )
disabilitiesand askedabout their current use of mobile devices,
including how they seledhem how they usethem while away
from home, and how they adapt to accessibility challenges when
on the go Following the interviews19 participants completed a
diary study in which they recorded their experiences using mobile
devices for one week. Our results show that people vidthal

and motor disabilities use a varietyof strategies to adapt

(c)

inaccessible mobile devices asgccessfly usethemto perform Figure 1. The devices a visually impaired participant carries
everyday tasks and navigate independentiiWe provide with her frequently: (a) signature stamp, (b) water-level
guidelines for more accessibnd empoweringmobile device sensor, (¢) CCTV magnifier, and (d) mobile phone.
design

For people with disabilities andlder users, mobile phonesd
other mobile devicesan provide increased freedom by allowing
users to act independently while remaining in contact with friends,
family, and caregiver$l]. Mobile devices can also be used to
implementassistivesoftware for people witepecial needgl4].

Categories and Subject  Descriptors:
H.5.2 [nformation Interfaces and Presentation]: User
Interfaces B input devices and strategies, voice I/O.
K.4.2 [Computers and society]: Social issuesb assistive

technologies for persons with disabilities. However, mobile device intates are often inaccessible to
G IT . . people with visual and motalisabilitiesdue to problems such as
eneral lerms: Design, Human Factors. small form factorssmall or undifferentiatedeys, andtiny on-

K ds: A ibili blind | - ¢ screen text[7,10,11,28] Despite having awareness of hese
eywords: Accessibility, blindness, low vision, motor — ,ohjems mobile device manufacturers continue to develop

impairment, mobile phonesjobile devices, diary study. smaller and thinner devicesid to adopt new interaction methods
without considering accessibility problems. While companies
L. INTRODUCT,ION . have attempted to fill this void through the creation of specialized
Mobile phonesincreasingly play a central role in the everyday technologiedor blind users (e.g., the PAC Mate accessible note
lives of people around the world Whereas mobile phone taker! Mobile Speak screen reademnd older users (e.gthe
ownership wasonce a luxury, mobile phorehae become a  jiterhug phor, suchtechnologieshave their own limitations,
neocessnyfor most adults A recent Pew studyB] showedthat including increased price and reduced feat{Be&1]. Faced with
75% of adults in the United States currently have a cell phone g0 proplems, people with disabilities continue to use both these

and mostof those feelthat it would be very difficult to give up specialized devices and general purpose deyidas Examples
their phone. Mobile phones are increasingly used to keep families;re shown in Figure 1.

in touch[7,18] and to access information while on the[#8].
Although the accessibility problems of mobile deviaes known,
less is known about how people with disabilities choose mobile
. . . . devices, adapt them to their needs, and use them in their everyday
Permission to make digital or hard copies of all or part of this wor . .
personal or classroom use is granted without fee provided that cop lives outside the home. To better understand thetalapy
not made or distributed for profit or commercial advantage and problems of mobile device users with disabilitiesd beir

copies bear this notice and the fullation on the first page. To coj

otherwise, or republish, to post on servers or to redistribute to 1 http://www.freedomscientific.com/products/pacmbtgasp
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strategies for working withmobile devices,we interviewed 20
people with visual and motaiisabilitiesabout their use of mobile
devices and conducted a diary study in whict® participants
recorded accessibility problems that they experienced whieig
their mobile devices outside their home.

We found that people used both mainstream mobile devices an

devices designed specifically for people with disabilities, often in
combination. Most participants encountered accessibility
problems with these deéces, and theseproblems were

Prior research has usetiary studies to better understatite
activities that mobile device users perform whiletioa go. Sohn
et al. [25] conduted a study in which participants used text
messages to record information needed while on théirgbng
that participants@hformation needs were strongly influenced by
heir location and activityOther research has used voicerfid]

r combined text messaging with web survéqk to capture
mobile experiences. This studdopts these methods to capture
accessibilityproblemsexperienced on the go.

exacerbated when using the devices in certain environments3, STUDY METHODS
Participants used a variety of adaptation strategies to OVercomery \nderstanchow people with motoand visualdisabilitiesuse

mobile device accessibilityproblems including memorizing
device functions, customizing their dees; and using multiple
devices in concert to overcontee limitationsof a single device.

mobile devicesOin the wildDwe interviewed 2Qpeople about
their use of mobile devices. Followgnthis, 19 participants
completeda diary study in whichthey reported accessibility

From these findings, we present recommendations for increasingyroplemshat theyexperienced Wwen usingheir mobile devices.

the accessibility of mobile devices, including increasing the
options for device customization and autdically adapting user
interfaces to environmental changes.

2. RELATED WORK

We drawon prior research on the accessibility of mobile devices
for people with a variety of disabilities. In additiome draw on
research methods used in prior studies of mabftemation use

Prior studies have examined accessibility problemswith the
design of current mobile phone hardware aoftware Bhachuet

3.1 Interview

3.1.1 Participants

We recruited 20 subjects (13 female, 7 male) between the ages of
19 and 66(average ag&4.9). We recruited participants using e
mail lists for people with disabilities, by contacting local disability
service organizations, and by contacting participants from prior
studies who were interested in participating in additional relsearc
All participants useé personaimobile devices daily. We recruited
participants with a range of abilities, includitigpse withtotal

al. [3] asked elders in a focus group to examine a variety of blindness, low vision, and motor impairments. Information about
mobile devices and consider their usefulness for health careour participants is summarized in Table 1.

applications. Massimi et gJ15] asked seniors to critique current

smartphones, and to redesign existing smartphones to meet thei

needs. Leonard et a12] asked sighted and visually impaired

We interviewel participants withdifferent types ofdisabilitiesto
hform the universal desigaf future mobile devicesAlthough it
is important to identify accessibility issues within specific

participants to perform tasks with a mobile device, and a“a|yzedpopulations, such as blind users, our research shows that people

differences in performance between the two groups. Plos an
Buisine [22] surveyed users with visual or hearing impairments
about their mobile phone accessibilitgeds.Tomioka et al[27]
asked focus groups with visual and modisabilitiesto identify
accessibility problems with current mobile phone hardware.
Watanabe et al[28] surveyed blind mobile phone users about
acessibility problemswith current mobile phones. These studies
identified many overlapping concerns, including small device
size small buttons, screens with text that is difficult to read, and
complicateddevicemenus. These studies largely focused on the
design of mobile phone hardware asmdftware and did not
considemobile deviceuse in everyday life, as we do here.

Other studies have examined how people with disabilities
currently use mobile phones. Kurniaw@drl] performed a muki

method study that explored older peopleOs use of mobile phone

their concerns with current mobile phodesignsand their desire
for future devicesShefound that users were most interested in
mobile phones dr handling emergencies, and experienced
difficulties with the form factor of existing phones. Dayg
interviewed young people with cognitive impairments and their

ith visual impairments, motor impairments, and multiple
impairments often use devices designed for the general
population.

3.1.2 Procedure

Each participanipartookin a 60 to 90 minute serstructured
interview. The interview coverefbur topics: (1) mobile devices
usa by the participant, including how they acquired the device,
what they used the device for, and any accessilpititplemsthey
encounteredwhen using the devicg2) how participants used
thesedevices in their everyday activitiesutside the home(3)
participants® information needs while on the god @)
participants® wishes for improving their current mobile devices
andfor future devices. Interviews were conducted either in person
or via telephone. When possible, we obtained photographs of

Yarticipants® devicesdeFigure 1).

3.1.3 Analysis

We analyzedtranscribedinterviews and our notesto identify
mobile device accessibility problems, adaptation strategsexf
mobile devices to access information, and wishes for future

families about their current and desired use of mobile phones,devices We used opeand axialcoding to analyze responq@$)].

finding that these young people could use their mobile phones to

act more independently, but struggled with the complexity of
current mobile devices. In a prior study], we interviewed blind

3.2 Diary Study

Following the interview, we conducted a diary study to capture

smartphone users about their use of mobile devices, and foundiccessibility problems that occurred in the daily lives of our

that users chasdevices with familiar layouts, tactile buttons, and
speech.This papercombines interviewsand diary studies to

participants, but that wemot captured during the interviewor
example, one participant reported difficulty typing on her laptop

extend our understanding of how people with visual and motor due to fatigue felt during the busy week after her interview

disabilitiesuse their mobile devisan everyday life.



Table 1.

Participants and the mobile devices that they carried at least once per week.

# | Sex | Age | Disability | Mobile devices # | Sex | Age | Disability | Mobile devices
1 F 57 | MI* phone, papercalendar, papeg 13| F 37 | LV smartphone, music gyer, game
address book console, magnifier
F 41 | LVv* phone 14 b | LV, Ml phone, music player
M 52 | Mi phone, music player, GPS, ta] 15 23 | Blind smartphone, laptop, note taks
recorder scanner, music player, GPS, ca
4 F 36 | LV phone, CCTV, water sensq I1 F 24 | LV phone, magnifier
musicplayer, cane
M 25 | Mi phone 12 34 | MI phone
M 52 | Blind smartphone, laptop, book read{ 13 24 | Blind smartphone, laptop, book read
music player, compass, cane note taker, cane
M 47 | LV, Ml phone, audio recorder, cane 14 M 66 | LV, HI smartphone, cane
M 25 | Blind smartphone, laptop, aud] I5 M 19 | Blind phone, note taker, music plays
recorder, cane cane
9 F 34 | Blind phone, note taker, music playd D1 | M 24 | Blind smartphone, laptop, note takd
scanner, pedometer, audio Bib musicplayer,audiorecordercane
10] F 24 | Blind smartphone, laptop, book read{ D2 | M 26 | Mi smartphone, laptop, music playe
cane
111 F 20 | LV, HI* phone, laptop, note taker, Ff D3| F 21 | Blind phone, laptop, note taker, mus
transmitter, cane player, cane
121 F 23 | MI phone, laptop, music player D4 F 47 | LV phone, laptop, magnifier, cane

*LV = Low vision, HI = hearing impaired, Ml = motor impaireBarticipants I415: Interview only. DiD4: Diary study only.

3.2.1 Participants

Nineteenpeople(7 male,12 femalg betwea the ages 020 and
52 (average age@4.l) participatel in the diary study (Table 1)
Fifteen participants (1-15) were recruitedfrom the interview
study, and founD1-D4) were recruited separately.

3.2.2 Procedure

Participantsmade a series of diary entries about their daily
experiences with mobile devicdarticipants were asked to report
the following eventsas often as they occurre(ll) accessibility
problems when using a mobile device; (2) accessilplioblems
related to treel and transportation; (3) informatidhey accessed
using a mobile devigg4) information that would be useful in a
situation, but that wasunavailable to themand (5) other
accessibility problems experienced while away from home.

Participantssubmittel diary entries by email, text message, voice
mail, or via a web survey. Participants were asked to complete
diary entries for7 days, and were given additional incentive for
submitting at leas? diary entries during the week. Participants
were able to damit entries anonymously.

3.2.3 Analysis
We received a total of33diary entries (63 web reports3 email,
and4 voicemail). We copied diary entries into a single table, and

4.1.1 Researching and Acquiring Mobile Devices
Participants used a variety of strategies l&arning about new
mobile devices including askng friends and family discussing
devices onmailing lists, performing web research, listening to
podcasts, and trying out devices in stores.

As expected, participants used a combinatiospefcializedand
commodity devices.Only six interview participants used mobile
phones that providedaccessibility featuresThose whoused
commodity deviceswere typically aware that more accessible
devices gisted, but thought that they were too expensive. Five
participantscited cost as a reason for choosing@nmodity
device over a specialized deviceEven more teclkavvy
participants sometimes chose lesshanoptimal solutions to
reduce cost. For exampleyo of the sevensmartphone users in
our interview study did not have a roaming data plan, allowing
them to use the Internet only when near a wireless access point.

4.1.2 Frequently Carried Devices

In all, 24 participants described a total @ mobile deviceghat
they carried with them at least once per we€bmmonly carried
devices include phonesor smartphoneg4), music players12),
laptops (1), and GPS devices (2Participants alsocarried
portableaccessibility devices such aane (13), magnifies (3),
portableCCTVs (1), and Braille compass(1).

analyzed them along with the interview data to create a single list4,2 Mobile Device Accessibility Challenges

of mobile device aessibility problems.
4. RESULTS
4.1 Choosing and Using Mobile Devices

Participantsshared their strategies fahoosingmobile devices
and described their frequently carried devices

Participants reported that they experienced a variety of
accessibility and usability issues with their devices.

4.2.1 Findings from Prior Research
Prior researchhas identified many accessibility problems in
current mobile devicelg,10,11,28] Our interviews confirmed the



continued existence of thesproblems Seven participants
mentioned issues with estreen text that was temnall or had too

low contrast. In some cases, text on a mobile device was partially-l-

visible, but was not visible on all screens or in all applications.
Twelve prticipants also identified key size anthe participants
identified overall device size asproblems Five participants
complained about thjrflip-type phones that had recessed buttons,
rather than exposed tactile buttg@4].

Three participantsnoted that, rather than becoming more
accessibletheir newer phones were less accessible than previous
modelsthey had used-or example, one participant had chosen a
phone because it was easy to grasp. However, when she purchas
an upgradedrersionof the phone she found that it was thinner
and made of different material, making it more difficult to grasp.

4.2.2 Situational Effects on Use

Mobile device use can be affected by environmental conditions in
thar varied usage contexts. These stalled situational
impairments [23,29] have been shown to impair performance
when using a mobile devic,13,16,17] Participants reported

several situational factors that had a negative effect on their ability

to use their mobile devices

Crowded Spaces. Five participantsdescribed difficulties when

using mobile devices in crowded areas, such as on the street or o

a bus. One participant mentioned that it was difficult to physically
interact with a device when on a moving vehicknother
patticipant with low vision had difficulties navigating crowded
spaces, and could not use a mobile device while doing so.

Lighting and Weather. Environmental factors such as daylight
and weather also had a negative effect on participantsO ability t
use mobié devicesFive low vision participants mentioned that
their mobile device screens were readable under ideal lighting
conditions, but not in very bright or very dim lighOne
participant noted in a diary entry thiatwas difficult to hold her
phone on @old day:

It was difficult using my phone with gloves on to keep
my hands warm enough to not hurt (hard to hold it
and the keys were too small to move easily).

Use while Walking. Using a mobile device while walking
presented a challenge to some participaeither by reducing
their motor control ortheir situatioral awarenesstor blind and
visually impaired participants, using a talking device or phone
while walking made it difficult or impossible to hear sounds in the
environment.One blindparticipant stated that she would use the
phone while walking, but woulchute the phonhile she crossed
the streetAnotherblind participant stated that she would use the
phone when walkingout only wherin a familiar area

[If someone called] I would probably ignore the call,
or I would wait until I got somewhere that I wouldn't
be worried about losing direction, and then I would
call them back ... I don't want to have anything
impeding my ability to know where T am.

Interruptions. Exacerbatingthe dfficulties of using mobile
devices while moving aroungarticipantswere prompted to use
their mobile devicesvhenreceiving phone calls or text messages.
Attempting torespond to these messagésle on the go coulde
difficult and could reduce situatial awareness. Stopping to

mentioned that he sometimes stopped to answer a calbfteat
blockedthe sidewalk while doing so.

hese examples show that using a mobile device while moving
can present considerable challenges to people with disabilities.
While prior research has shown that using while moving can
reduce performance, these effects may be more drastic for people
with disabilities by making it impossible to use a devighkile
walking, or by reducing theisituationalawareness

4.2.3 Fatigue and Changing Abilities
In addition to environmental effects, some participants described

&tjanges in their health cambilities that affected their ability to

use a mobile device. These changes typically took two forms:
temporary changes in ability andbility changes from
degenerative conditions.

Four participantsdescribed having conditions for which their
visual or moor skills varied over time, based on stress, fatigue,
weather, medation, or other factors. Two participants
experienced variable pain in their hands, which occasionally made
it difficult to use a mobile device.

Four participantsalso had progressive conditions that reduced
their visual or motor abilities over time. Of thesthree
Earticipantsdescribed how they could no longer use some mobile

evice that they previously used. For example, one participant
previously enjoyed takin photographs with her camera, but no
longer could due to her reduced motor control. Another
participant became too weak to carry his laptop, and thus was no
longer able to use it in mobile settings and instesetlan audio
recording deviceo take notes.

%.2.4 Device Failure and Maintenance

Five participantsalso mentioned having significauliifficulties

with mobile device reliability, including device failures. These
difficulties included softwarebugs affecting a specific device
feature, device lockips or estarts, or permanent device failures.
For example, one participant experienced a software bug on her
Braille note taker that caused the device to lockvhipnever she
edited multiple documents simultaneoudio fix was available

for the bug, and so theagicipant had to remember not to edit
multiple documentsit onceon the device.

Minor problemscould often be addressed by restarting the device.
In case of a complete device failure, participants eééal repair

or replace the device. For more expensiems, participants had

to sendtheir devices away for repair. Devices designed for people
with disabilities weretypically more expensive, and were thus
more likdy to be repaired than replaced

4.3 Adaptive Strategies

Despite the accessibilitproblems that they eoountered, our
participants were quite successful at performing tasks with
devices that wereften ill-matched to their abilitieRarticipants
revealed multiple strategies for working witardto-usedevices.

4.3.1 Modifying Devices

When possibleparticipants adjusted the settings of their device to
make it more accessibl&even of our low vision participants
reported increasing the text size of their screerat least one of
their devices However, even then, participants reported that the
settngs did notusually provide enough flexibilityto meettheir
needs.

answer a phone call could address these issues, but could cause

other difficulties. For example,ne participant in a wheelchair

Other participants installecdccesssoftware on their mobile
devices.Sevenparticipants installed screen reader software on a



laptop or smartphoneThirteenof the interviewparticipantshad If something happens to my phone, I'd still want to be
mobile phones thatlid not allowthe userto install additional able to have my [GPS]. If my [GPS] breaks, I still want
applications, such as a screen reaff&ren participants who had to be able to have my phone.

compatible devices sometimes could not affacdesssoftware.
However,some noraccessibility features could be approfath

to overcomeaccessibilityproblems For example, one participant . . . e ;
could not see thedler ID information on her phone screen, and suited fora certain functionFor exampletwo participantsarried

so used a customized ringtone for each person who frequently? separate talking book reader device, even though their laptop or
. mobile phone could play audimmoks.
calledso she would know who was trying to reach her

Particpants did not typically modify their mobile device hardware Flgally, participants sometimes .ubs.'?d T)ultlple ]Ezlewc(:jesf togetherlln
to improve accessibilitybut it did happenOne participant witta grv(iar toF orver)::orrﬁel anrtiaiccis{& V{/;:y arrtl)ﬁr ?]”rr‘] Ir(]ji: nsTg e
motorimpairmenthad installed a wrist strap on her mobile phone, evice. or exampigyarticipants Whosenoblie pnones 0

and two participants with low vision used magnifiers thachtd provide accessible anress t.)(?OkS useitier devices tostore
to their mobile phor@ Another two participantswith motor phone numbersTwo blind participans stored phone numbers on

h . ; . ' their accessible note taker device, and referenced them tivbgn
Lrggg'rrgenr;%ili'lzd l:)?g:]: hveilf;ﬁ]r’ tr):agér? r (()gljgerzc;arrﬁgg gt?:g(r:e to wished to make a phone callnother participant carried a paper

- - o . . . address book (Figur8). Three participantgarried no ddress
Sg\r/tig:;ps)ants used accessibility modifications with their mobile book and instead memorized numbers they frequently called.

4.3.2 Adapting to Devices

Some participants were able to ukeir phones successfullyonly
by holding the device inraunconventionapose. For example,
one participant witta motorimpairmentwas capable of using his
mobile phone by placing it in his lagFigure 2). While this
allowed him to use the phone effectively, it required hinsttp
moving and plac¢éhe phone on his lap useit.

Two visually impaired participantsaidthat they sometimes used
a mobile device while walking by wearing a headphonenly
one ear, keeping the other ear clear to sesits®tional cues

As shown in our previous studi0], mobile device useralso
carry devices with redundant functiowkenone device is better

Another participant usedher phoneOs speakerphoieature to Figure 3. A participant augments her mobile phone with a
maintain situatioal awarenessvhile walking, but stated that this paper calendar and address book.
was not always possible due to privacy concerns 4.3.4 Learning a Device Offline

An additional strategy that our participants used to work with
inaccessible devices was to practice using a device at home in
order to learn how to use ifTwo participantsused a large
magnifier or CCTV atheirhome to practice using a new device

One ofthese participantsvho had low vision, described in detail
how shelearned to use her nemobile phone. The text on the
phonésscreen was difficult to read, and so she practiced using
the device at home using a magnifier, and memorized the button
presse needed to perform tasks

When I got the phone, I would just use my magnifying
glass, and then I could see everything on the phone ...

Figure 2. (left) Participant with motor impairment carries his So then I would just read it, read everything I need to
phone on a hip holster; (right) Participant holds phone in his read, and memorize it. So that way, if I'm out

lap to dial. somewhere and I need to look up a phone number or
4.3.3 Using Multiple Devices something, I would know how to do it just by

Several participants described using multiple mobile devices to memory.

resolve potential accessibilifgroblems Using multiple devices . .
protected against failurenaximized usability, andcompensated 4.4 Aggessmg Ipformatlop on the GO, .
for inaccessible features on a single device. Onesignificantbenefit ofusingmobile technology ishe abilityto

) ) ) ) ) accesdnformation while on the gdRarticipants sharekdow they
Owning multiple devices with redundant features provided some cyrrently used their mobile devices to access information while
security inthe eventa device failedFour particpants stated that away from home. Participants also described how thegd
they owned backup versions of their devices in case of failure. jhformation to makelansbefore leaving home.

These were typically devices that they previously used, although . .

one participantpurchased several copies of a device she liked 4.4.1 Calling Others for Assistance

when she found out that it was being discam¢h One blind Seventeerparticipants described instances which they used
participant carried both a mobile phone wittegratedGPS and a their mobile device to coordinate with others, such as to arrange a
dedicated GPS deviceand justified this based on reliability —meeting, or to request a ridéhree participants reported calling
concerns ahead to a restaurant or store to enquire about accessibility.



Two participantsecountectalling a family member by pine and mentioned some reliability problems with theseides andone
asking thatfamily memberto look up information on the Internet  saidhe no longewishedto rely onthese specializedevices:
relevant to their current situation, such as directions or nearby
attractions. In onease the participant was visiting a new place,
and the participantOs family member had found p ofiahat
location in cas¢he participantalled for navigation assiste®

I wanted to dispense with a lot of the proprietary
blindness devices. You are completely reliant on the
manufacturers to come out with new software ... I
wanted something that I could use ... if I'm giving a
All of our visually impaired and blind participants encountered presentation, I want to be able to hook my device up

somedif‘ficulties_ in Uavigating and finding itgm_s while running to the projector and show what I'm doing, and I just

errands, especially in new places. If alone, pipdiuts most often want it to be more commercial than adaptive.

asked strangers or store clerks for assistaBeeauseasking for o ) ) ) )

help was not alwaygasy seven participants statedhat they ~ None of the participantsiith motor impairmentsused mobile

preferred to perform errands with a sighted friend or family devices speciially designed for people witdisabilities One

member. reason for this is a mismatch between available devices and the
abilities of our participants. One participant, who had trouble

4.4.2 Using Automated Services typing accurately on her PC with a standard keyhdauhd that

Although only five of our interview participants used a mobile  she could typeaccurately using a keyboard designed for children.

device with a roaming data plafive additional participants This participant was aware of more accessible phones, but was not

described usng their mobile devices to access information interested in mobile devices marketed to children or the elderly.
services on the gihirough voicebased services or text messaging. .
4.5.2 Privacy

The most commomformation accessed using these services were || of our participantssometimes usetheir mobile devices in

phone numbers of local businesses, bus schedules, and weath%bnc spaces. In some cases, using the device in pateited
information. Seven participants also reported using a GPS device o <ionbetween accessibility needs and perceived privacy.
either on foot or in the car, to discover nearby points of interest. o ; ]

Our blind paticipants were particularly fond of this kind of ~Participants who used talking devices speakerphonenode to

locationbased service, as it provided them with increased increase accessibility found that they could not easily use these

awareness of their surroundinge participanstated featues in publicdue to environmental noise or privacy concerns:
With the GPS, you can just strike out and go. I need I would be in a setting that_ is a little !oud ... like ona
that GPS to give me a little bit of assurance. Without bus or something. And it would just be a little
GPS, I'd travel a lot less. awkward to be yelling into your phone. So I usually

443 Plannine Tri just use the speed dial.
4. anning Trips . . .
When visiting a place fothe first time, participants often made qggﬁkzzﬂﬁéﬁsgtsgsﬁd prl:%rlicp%%r::zuvsvghit%jrrc)ac\j\;t?g(l)e mﬂiﬁnglt?erh tﬁ)”;
plans at home before leaving the house. This preparation include iy )
looking up directions, printing out maps, checking bus schedules, nstead, she tended to use the magnifier at home only, and so was

and calling ahead to ask about accessibility features. This taslé"mable to fully read text on her phone screen when in public

often required pullingtogether various pieces of information Sometimes it's a little socially awkward to, you know,
before leaving. For example, one participant, when visiting our  use my magnifying glass with my cell phone. I'm sure
researchab for her interview printed outwo maps an accessible it looks a little odd ... People are always like, "What is

route map and a largegasier to read copy of the standard campus  that girl doing?"
map. Because theceesthle map was not easily readable when
printed, the participant was required to correlate the information 4.5.3 Independence

between the maps to navigate to her destination. Participants expressed both positive and negative viewstab
. . . how their mobile devicesaffect their independenceOn the
4.5 Attitudes about Mobile Device Use positive side, mobile devicdacreasedridependence and safety.

During interviews, participants offered many strong opinions One participant referred to her mobile phone as a Osecurity
about the mobile devices they use. Although these attitudes cannoblanket.O Another participant, who was blind, believed that his use
be describedully here, we present some of the strongest themes of a mobile phone significantly increased his independence:

that emergedrom these discussions. It's a whole different world for a blind person. A cell

4.5.1 Use of Mass-Market vs. Specialized Devices phone is not a necessity at this point in society, but for

In total nine of our interview participantsfrequently used a a blind person it really is. Because for safety alone, it
specialized mobile device that was specifically designed for gives you more options. You don't have to worry

people with disabilities. The most commonly used devices in this  about being completely stranded out there.

category were accessible note takers and talking book readers. However, this increased independence from other people could
Participants offered a number of reasons both dod against  also create dependence on the mobile devices themselves. If a
using devices designed for people with disabilit®sch devices mobile device failed, the user could be strand&then asked

are typically more usable_ and acce_ssitﬂm_e participam_also ~ whatmight happen if she lost her phone, one participant said:
praised a devicdecause it was designed in collaboration with I wouldn't have my calendar or any way to call people

people with disabilities. Sometimes, however, participants \
gravitatednsteadowardcommoditydevices designed for a mass when I, was out, SO.I wouldn't travel as much. I
wouldn't have entertainment when I was on the road,

market audience. Five participants noted that devices designed for .
people with disabilities could be expensiéve participants I wouldn't be able to text... It would not be good.



4.6 Desired Features interface complexity, we found that our participants were willing

We asked participants about how their mobile devices could be!® SPend time configuring a device at home befoseng it,
improved to better support their needs. As expected, participantsSUggesting thizsome configuration can occur offlinéth the help
requested a variety of features. Many of the features requested bf the userOs PCamthermore accessibldevice.
participantswere availableon othe mobile devices, butvere too 5.3 Contextual Adaptation
expensiveTable 2 contains the featurgswhich theparticipants Many of our participants described experiences in which their
were most interestedlessfrequently requested features included devices became more difficult or impossible to use under certain
automatic volume and brightness adjustment, touch screens, g ironmental conditions. These environmental effesse not
barcode reader, a currency rgoizer, and facial recognition, each only detrimenal to performance, but could make a device
requested bynly oneparticipant. unusable or place the user in an unsafe situafibis problem
Table 2. Most commonly requested device features. could be addressed by using a mobile device®eand sensors to
detect a userOs location and actiaity adapt the user interface to
increase aassibility [9]. In particular, these interfaces should
Screen reader 9 provide the ability to switch between different input and output
methods, or should provide a Ominimal attentionO 26fidor

Feature # Participants

Voice input 8 . o . -
use in cases where maintaining situaiawareness is important.
Large buttons 7 Since situational impairments affect users of all abilities, mobile
Screen magnification 5 devices that can adaptdontexual effects can benefit all users.
Smaller device 5 5.4 Integrating Assistive Devices
Ootical oh n o 3 In addition to their mobile devicegwelve of our interview
ptical characterecognition participants carried singleuse accessibility devices, sudis
Improved screegontrast 3 magnifiers, water level sensors, and compasses. As mobile
Backiik > devices gain increased sensing capability, they present the
ackiit keys opportunity to replicate many of these features on a single device.
Music player 2 For example, a mobile device camera can be used to magnify text
2

or identify colors in an image, while an integrated GPS can
provide navgational support.

We also asked participants about the types of additional 6., FUTURE WORK
information that they would like to access from their mobile This investigation illustrates how some people witbual and
devices. Participants were most interested in accessing motor disabilities use mobile devices in their everyday lives.

information about local resources, such as restaurants andyaturally, the studywaslimited in both population size and scope.
landmarks, and information about accessible routes in their area. |t would be beneficial to extend this investigation to include

5. IMPLICATIONS FOR DESIGN additional participants, and to increase the diversity of participants

) - . in terms of age, disability, technology use, and geograpiion
Although this study has focused largely on existing agenobile J - :
devices, our findings provide insightfor the design of future Although we found the interview methods useful for this early

accessible mobile devices. In additionotr participantsteature ~ Stageresearchon improving accessools with a broader reach,

requests we have identified additional opportunities for such as surveysnay also be beneficial.
increasing the overall accessibility of mokdievices Another opportunityis to extend the diary study used héoe

. . addiional participants The diary stdy was useful in revealing
S.1 Access Me_thOds_ on CommOdlty Devices ] additional mobile accessibility problems in the lives of our
Many of the participants in our study usetssmarketmobile participants. Howeverall but one of the participants recorded
devices, either in addition to or instead of devices designed fordiary entries at home, and not while .outhen asked why they
people with disabilities. Therefore, increasing the accessibility of did not submit more diary entries whilen ahe go, twelve
existing mobile device hardware platformsing software should  participants stated that using the web or email from home was
remain a highpriority. While many of the current entfgvel more accessibleExtending these methods, either by providing
devices do not permit usérstallable software, we expect that more accessible diary techniques, or by incorporating new
entry-level mobile devices will allow this feature in the future. methods such as experience samplijgwould allow us tdetter

Even now, many personal digital assista(RDAs) and other  observe accessibility issues in everyday life.
portable devices allow for userstallable applications, and can

Userinstallable applications

connect to wireless networks without a monthly service fee. 7. CONCLUSION

ops We have presented a qualitativeo-method study of how people
5-2. Increased C.O.nfigurablllty. _ . with visual and motodisabilitiescurrently acquire, adapt, and use
While all of our participants used devices wibmeadjustable  mobije devices.Confirming prior research, we found thasers

settings, the allowableanges for these settings were often limited. with visual and motordisabilities experience a variety of
For example, some devices allowed sserincrease the text size,  accessibility problemswhen using mobile devices. Our results
but only to a certain point. Mobile devices should be designed toshow that many of theseproblems persis and, perhaps
be configurable to arbitrary settings. Thusr instance, text  surprisingly, that people with disabilities continue to choose
should be salable to an arbitrary size, activating scrolling commodity phones, even when they are awarespécialized
zooming or rapid serial visual presentati¢sO] as necessary.  accessoptions. Despite these barriers, our participants were
AlthOUgh increasedconfigurability can result in additional Capab|e of using their mobile devices for a Variety of usedof



supporing their activities outside the home. Combining interview [13] Lin, M., Goldman, R., Price, K. J., Sears, A. andkdad.
techniques with a diary study about mobile use has allowed us to (2007) How do people tap when walking? An empirical

gain an understandingof how people withvisual and motor investigation of nomadic data entfyernational Journal of
disabilitiesuse mobile devices in their everyday lives. Human-Computer Studies, 65 (9), 759769.
It is clear that mobile devices present opportunit@speople [14] Manduchi, R. and Coughlan, J. (2008) Portable and mobile

systems in assistive technolog§roc. ICCHP ’08. Berlin:

with disabilities tolive more independently. While we have seen SpringerVerlag, 10781080.

advances both in commercial accessible mobile devices and in th I .
research community, accessibility barriers are likely to nenij 6[15] Mas_S|_m|, M., B_a_e_cker, . R. an_d Wu, M (2007)_ Using
better understanding the everyday experigrafemobile device participatory activities with seniors to critique, build, and

users, we campproach the difficult research goal of improving evaluate mobile phoneBroc. ASSETS '07. New York: ACM

mobile deviceaccestbility for all users on the go. Pr_ess;LSEr_162. i .
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