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Abstract - The digital divide causes democratic problems
in societies where the use of technology is neceysto
participate fully. Improvement of user accessibiliyy does
not seem to be a priority in industry, students ingeneral
have little or no systematic knowledge of principls of
universal design, and the inaccessibility of techmagical
facilities, software and web pages continues to at
barriers for many citizens. In order to study the
significance of such barriers, we have observed and
interviewed people with disabilities, in particular users
with Parkinson’s disease, whose problems are simildo
those of the elderly. The ailment leads to serioywactical
difficulties using every-day technology, and the fidings
indicate that many obstacles can be overcome by
applying principles of universal design. An aging
technology-dependent population poses many challeesg,
Universal design principles should become a standarin
the software industry and engineering education. In
Norway, there is a Government action plan designetb
increase accessibility for disabled persons. In osd to
fulfil  these recommendations, universal design
techniques must be taught systematically, and
incorporated into the engineering curriculum. Studeats
should learn to think in terms of accessibility ealy in
their studies. In this paper, we discuss the inclimn of
universal design principles in computer science coses
like programming, software engineering and HCI
(Human-computer interaction).

Index Terms— Digital Divides, HCI, Universal Design,
Universal Usability

INTRODUCTION

Technology heavily
technically unskilled may not only be excluded iocisl
relations, but also find it increasingly difficuib get a job,
and suffer relative and absolute wage loss vergilked
counterparts [1]-[2]. Such differences between pgsoare
referred to asligital divides.

In western societies today, digital divides existhim
different subgroups of the population internal digital

marginalized user groups, and develop their pradiartthe
vast majority.

Universal design aims to focus on user diversity &
an approach to systems development bridging diditédies.
An aging western population accustomed to the use o
technology in daily life, means that the need faygcally
inclusive design will only increase. By includingiversal
design perspectives in the education of systemldpees, an
awareness of the needs of marginalized user greungsthe
competence to develop including technologies wi# b
established.

PHYsICAL DIGITAL DIVIDES

A simplified definition of the terndigital divideis an uneven
balance in access to, knowledge of and use of tdabn.
Some issues related to the digital divide are dlobfien
characterized by polarization between developingntiies
and the western world, and with focus on providiegess to
computers and the Internet for marginalized useugs and
certain countries. But the digital divide also mgan
differences in “social access” [3], and within siiE@s the
term is used for a variety of dividers.

In a world where both digital inclusion and digital
knowledge bring power, digital divides create natlyo
information gaps, but also democratic and sociabfgms in
societies and situations where use of technologecessary
to participate fully. Some digital divides are clga
discriminating, such as with disability — whereiadividual
is physically prohibited from participatiofiphysical digital
divides”).

Within societies, socio-economic characteristicshsas
education, income, gender, ethnicity, age, locatimnguage
and disabilities are recognized as dividers — drabd are

influences western societies,d an often intertwined[4]-[6]. Not only lack of acceslsut also

powerful social factors such as stereotypes, coemput
anxiety, performance expectations and context o us
contribute to digital divides[7]-[8].

A positive technological determinism focusing mgrel
on universal access to technolodg\adcess strategy”)is
criticized for not taking these social factors into
considerations. However, these access strategies ge

divides Research shows that efforts to decrease physicalork well for including physically excluded groumsjch as

exclusion are far more successful than attemptsotobat
cultural and socio-economic divides [9]. At the satime, it
is very easy and common for system engineers toamle
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UNIVERSAL DESIGN

The definition of universal design created by Threnter for
Universal Design, North Carolina State University,the
following: “Universal design is design of products and
environments to be usable to the greatest extessilple,
without the need for adaptation or specialized gesfRon
Mace)"[15]. Universal design is an approach to the
development and design of technological produatsnfra
distinct vision or perspective, namely, one of extjmg and
valuing the diversity in human capabilities, teclogical
environments and contexts of use [13]. The visisntd
simplify peoples everyday life by developing protiic
environments and ways of communicating that aréuuse
as many people as possible.

Universal design is being promoted as a desireithatie
in information technology. However, few debdtew these
principles may successfully be integrated withirsteyns
development. It is argued that the methodologyirfoluding
universal design principles in system developmeunstnibe
developed from within the field of computer science

DISABLED USERS ANDOLD AGE

‘Disabled people’ denotes a large and diverse gnoitp a

variety of characteristics and problems. This hasnapact
on the planning and design of products and senfimesse
in society. May people will during their life-timexperience
longer or shorter periods of physical disabilitgr fnstance
during pregnancy, iliness, injuries or old age. gédshhave
permanently reduced faculties like sight or hearmgbility

or intellectual abilities. In fact, everybody wit some point
in life be disabled in one way or another, so ursakdesign
is truly design for all.

The Norwegian government is currently intrcidg a
new law under the anti-discrimination act that vgitbhibit
the exclusion of the disabled from society, inchgdiwork
and entertainment. The law will be implemented fre t
course of 2007, and implicates that the designndfarsally
accessible systems, products, buildings and serviuest be
taken seriously by engineers, software developerd a
learning institutions.

DESIGNING FOR INCLUSION

Changes in development, implementation, representat
[11] and modification of technologies means enactiew
social contracts, and are usually aimed at oneifgpgpe of
user: A young, English-speaking, middle-class, dluldied
man of western culture. To illustrate the stronifuence of
design, imagine using an application that cannoteoeiced
to fit a resolution less than 1280x1024, on youagsphone.
Suddenly, you would have reduced spatial visionernlh
imagine a programmer in a wheel chair, writing catdithin
this context, she is not disabled. Thus, the ideaeutral

Naslund[12] seeks a discourse on user perspectives,
introducing the concept of theyborg-user She regards the
physical and technological interaction as a mergiragess,
where technology is an extension of the user. Tdgitauch
interactions, users become more or less enableedbas
context, adaptations and surroundings such as dmsgu
skills, culture, motoric skills, vision and hearing

UNIVERSAL DESIGN IN INFORMATION SYSTEMS

The term “universal design” denotes bothniversal
accessibilityand universal usabilityalthough the latter is
sometimes overlooked. The goal of the universaligtes
strategy may be viewed as creating enabling costiextall
users.

This does not mean that total accessibility andilisa
adjustments will be included, but that one strit@slesign
for the broadest possible range of users [14]. fatagms
may complement the design, as will be suggested. |Atso,
universal design refers to tieere functionalityof a product,
and not necessarily all extensions.

Based on these perspectives, we will arrive at a
definition of universal design fitting for inforniah systems.
Applying these definitions to all devices that aint
computer software — embedded systems - it will ipisgo
create every day technological products that acessible to
users with a wide range of disabilities, charastms and
diverse needs.

THE PROJECT

The challenge is to twofold: (1) to successfullyegrate
universal, and inclusive, design in system develapimand
(2) include this knowledge in engineering education

In order to arrive at solutions for these issues,have
studied every-day technology and the problem atbas
exist for 4 physically marginalized user groupssuélly
impaired, neck injured, dyslectic, and users widhkihson’s
disease. ext, we focus on how these problems cbald
avoided, and the processes and techniques in system
development that can contribute to universal design

Then, attention is turned to strategies for stuftihe
perspectives of system developers. As mentionetl ponly
development techniques, but also the underlyingpestives
guiding development need adjustments. It is theeefo
necessary to start with students.

Methodology

The user groups in question were interviewed irugsp as a
part of the STEMINT project [17], based on similar
disability, age and computer competence. The disabi
groupings were visually impaired, dyslectics ande with
reduced physical skills. 8 group interviews weraducted
with three participants, 2 groups had two partictpaand 1
interview was conducted with only one participaithe

technologyfrom the hard systems thinking — rooted deeplyinterviews were semi-structured, with one sectioousing

within the mechanical world view of the naturalesaies —
falls. Technology is developed with specific usemsd
contexts in mind, excluding others.
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on problems with every-day technology. It is mairnhjs
information that has formed the base for this study

In addition, the user group with Parkinson was give
special attention. Parkinson’s disease leads to predlems
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similar to those commonly experienced by elderlppie:
tremor, rigidity, slowness in movements and reactiosual
disturbances, dementia, pains, weakened voice, lafck
energy and difficulties with memory and balance. oTw
participants with Parkinson’s disease from initigdoup
interviews were therefore selected for more
interviews and observations.

These interviews were open, and centered on rexgali
the source of user problems. Observations on thke afis
every-day technology; cell-phones, computer scremiosise
and keyboards, ATMs (automatic teller machines)keti
machines and cars complemented the interviews. i@agn
walkthrough was used, and observations were vigedta
[26].

PROBLEM AREAS

The interviews revealed two important factors conive
universal design of technology: flexibility and riul
modality. Input and output devices suited to défgrusers,
and adaptability of user interfaces will lessen wan
problems, also, devices with small and/or slipgerys, that
are unstable, or difficult to grip or hold.

All participants with neck injuries had problemsthwi
grip. This means they had difficulties operatingsteyns

in-dept

development is seen in all industrialized countriés, an
increasingly large part of users will need desitrad focus
on these areas.

IMPLEMENTATIONS OF UNIVERSAL DESIGN

Political Strategies

Universal design perspectives may be forced onstesy
development project through politics and standaréds.

mentioned, an anti-discrimination law demandingufoon

accessibility for otherwise marginalized users ise o
approach. Since it is not yet implemented, theltesd such

a law cannot be established.

Guidelines and Standardizations

Another approach is using guidelines and standdias.use

of guidelines has been recommended as a good, tfzesip
for integrating the needs of people with varyingitds into
design at an early phase [23]. Design guidelineagsist
computer manufacturers and software developerseatiag
products that are usable for a broad audience dvegeed for

a long time, for instance the recommendations by
Vanderheiden & Vanderheiden from 1992 [16]. Theynpo

where a certain amount of strength was needed. Thisut that core devices should be constructed soathahany

includes the Norwegian automatic teller machinelsere a
firm grip is needed to withdraw money and creditdca
Typing on a keyboard was found to be tedious, giramd
painful, and most had to use two sticks, attachedrie
finger on each hand, to reach the keys. In additiameel
chair users have physical hindrances: narrow ecgéisaand

diverse users as possible can have access to Tercore
functions of computer systems a@utput/displays which
includes all means of presenting information to tieer,
Input/controls meaning keyboards and all other means of
communication with the computeManipulations which
includes all actions that must be directly perfodney a

highly placed system interaction elements are commoperson in contact with the computer or for routine

problems [17].
Similar difficulties with the keyboard were found

amongst users with Parkinson’s disease. Obsergtion

showed that a normal mouse presented serious pneplaut

maintenance,Documentation with a focus on operating
instructions Safety including protection from harm [16].

The Center for Universal design has developed 7
principles for universal design development [18he3e are

that a heavier mouse and the software program ‘Eloussimilar to general interaction design principlead &ocus

cage’, which captures links when the mouse is ctosthe
link, can be a great help. A joystick used for gansalso
well suited, as are keyboards with soft keys —if@tance
rubber keyboards - since normal keys hit back aag cause
pain to the fingers and wrist.

The user interface is a serious challenge, espedal
visually impaired. No touch screens can be used,there
must always be other information available in dddito the
visual information, to explain interface controierfor
instance for ATMs. An enormous improvement fomdli
users is that now, ATMs in Norway can be used vedn
phones.

more on universal usability than on universal asitagy.

They include ensuring (1) Perceptible informati@2), Low

physical effort, (3) Size and (4) Space for apphoacd use,
(5) Tolerance for error, (6) Flexibility and (7) Htable,
simple and intuitive use.

The World Wide Web Consortium (W3C) is committed
to universal design, and has developed standaflistieg
this. The main intent is expressed in the statenigéhe
power of the Web is in its universality. Accessdwueryone
regardless of disability is an essential aspect3C4 Web
Accessibility Initiative (WAI) has developed guideds and
checkpoints for the accessible design of websites.

Operation systems on personal computers can be

customized to suit the different user needs, budseh
opportunities are not well known. Most visually iaiged use
a screen reader to provide voice output, and memori
keyboard outline (‘touch’) to provide input.

The problem areas shown for the group with Parkitsso
disease is largely what can be expected for ncabtés
users as they grow older. Today, the number of lpeoyger
the age of 67 is 13% of the total population, anidl iw the
year of 2040 be to about 23 %, and over 30% in 2053

Coimbra, Portugal

Interface Adaptability

Strategies for including universal design into epst
development and design should to come from withia t
software industry in order to become successfullggrated.
One area where universal design ideas have bediedmp
in system adaptability. Through dialogue indeperderthe
presentation layer of a system is separated froanastc and
syntactic layers (i.e. the logic of and interactioffrom the
system) [18]. Thus, the presentation, the userfatte, may
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be designed in different versions. One can deveiafiple

alternative user interfaces, and let the user ehtiues best fit.
McDonagh and Weightman [19] argue for this approacil
further say that users should be able to adaptifmapecify

or design interfaces and/or interaction stylestfi@mselves,
to match their needs.

An example of a universally designed product dgwetb
with this strategy is a control system for housdHacilities,
such as blinds and lights, where Java applicatioag be
downloaded to a “personal accessor” for commurocati
with facilities fitting the user’'s needs [22]. Thugh wireless
technology and a standard device control protata,user
can control the facilities — using the 1/0O devisgecified by
the GUI. The Ul is built with Java Foundation ClsssUI
components, containing the Java Accessibility APGUIs

were developed for the demonstration, one usingutinp

through speech recognition, another with screerdaea
offering voice and Braille output, and the last diting a
PDA.

Instead of devoting considerable resources to dpvel
multiple alternative user interfaces, Trewing €24
suggest developing abstract interface representatio not
assuming specific modalities or interaction techei Their
vision is that from these abstract representati@ositext
specific user interfaces can easily, cheaply arnidktube
generated, using supportive tools. However, thepgrize

faculties reflect on scientific approaches and gigra
developments, the natural sciences seem to view the
strategies of thenechanical world vievas the only natural
and correct option. However, though physics and
mathematics do get by with this approach to paradjghis

is not the case for computer science.

The mechanical world view looks upon the world as a
machine, guided by logics, and was conceived in 1tie
century. Descartes was one of its founders. Bdtbnalism
and empirism may be used as methodological appesach
within this view, but an important value is the ib&lin
objectivism. One mainly seeks to define this word
perceived to be static — by logical statementssdfiware
engineering, this translates to defining databagie| system
behavior, user requirements, system autonomy atc. |
systems development; task analysis, sequence- kasg-c
diagrams are examples of techniques commonly used t
arrive at and describe the logic describing thet pérthe
“world” that the system belongs to.

The mechanical world view has resulted inhard
system development approach. According to this yvievs
possible to define what to build, and next to buitd
correctly. The waterfall development model belotgghis
view. Although experience has shown that increnienta
development works better for ensuring correctndssilding
and testing smaller parts of the system at the sange— the

that the generated GUIs most likely will lack someaim to logically define what to build prior to ddepment is

information and thus may not be high-quality inbeds, but
argue that these contextually fitted Uls shouldepdt a
standard user interface.

still very much alive. Most development methodoldggiay
belongs to the mechanical world view, unquestiomgtboth
developers and students. Adding universal design

Adapting the system requires somewhat skilled usergperspectives to this view is assumed to createcendue to

along with improved design tools. Still, projectsdatools
exploring such opportunities are nonetheless vagrésting,

applying more requirements to the system, withony a
obvious benefits other than inclusion: The systeith be

for example the DESK/PEGASUS dynamic web pageharder and more expensive to build.

authoring tool [21].
User Involvement

Participation of marginalized users in socio-tedbgizal
decisions is stressed as an important factor irerotd
become socially and digitally included. User paptition, or
involvement
technique for uncovering different user
UNESCO suggests mandatory participation of disabksts
in political and industrial plans [24], and thisutd be
applied in systems development for public services,
include disabled user perspectives, and uncoveginaized

Alternative views on the development process aee th
dialectic and the soft approaches. Both belong to the
romantic world view, which questions “objectiveness”, and
criticizes the idea of “neutral technology”. Thesually take
a mutualsocio-technological co-constructivdew, instead
of a positive technological determinismommon in hard

is an established systems developmergtystem development, and thus among developers and
perspestive students.

The first approach inspires amterventionisticattitude
to system development. It focuses on political atitical
perspectives, and emphasizes the developer’s rsifjildan
to act according to his/her own morals, and nat fand

user group needs within the development procese THoremost to the costumer’s and stakeholder’'s wishbsat to

necessary degree of this involvement/participatisnan
ongoing debate, and is not addressed here.

UNIVERSAL DESIGN IN EDUCATION AND DEVELOPMENT

Paradigms and Methodology in System Development

In the education of system, there is an overalk la¢
reflection on the scientific approaches used. Whire
historical development of computer science is noewmtil,

this is done by dexcribing main historical eventsda —

breakthroughs — not by reflecting on the paradigmsl
world view guiding research and development. Wiwher

Coimbra, Portugal

the users and those affected by the system. Wighattitude,
universal design perspectives are very easily dedu The
system is not developed for the costumer only, fout
society and the organization that the system affect

The latter approactsoft systems development, focuses
on co-operation between stakeholders and variows us
groups. It is a more optimistic approach than treedtic,
believing in mutual learning and understanding leemv
groups of people. Here, universal access is baligeebe
easily integrated — securing a minimum inclusiomlblisers
whereas universal usability could be subject to
negotiations.
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Soft systems methodology and user participation argvell established and should be a part of the auitrio in
common within the two romantic approaches. Models f software development and web-programming courses.
development processes are usually influenced by harTraditionally, software engineering is taught aciog to
systems thinking, but the more flexible strateggs;h as best practices in industry, but as we have se@sgtdo not
prototyping and iterative development, are the bi@st necessarily include principles of universal desi§gstems
However, since students and developers are not amadee  tend to be designed for a ‘typical user’ who is wygufit,
of the implications of a view on development andmale, and has abilities which are static over time.
methodology, these seem to often be tailored te tand But there are some good examples: A course on
cost, costumers’ wishes and tradition. developing interactive websites at the UniversifyGslo,

As most information systems today are developedfor demands that W3S standards have to be followed when
organization, most would agree that the romantewi-  developing and evaluating websites. Also, the prason
seeing the world as composed of ever changingtetes layer must be segregated from the interaction,rbgiting the
and relations — is beneficial in order to undertahe visual layout in CSS. This teaches the studentsonbyt the
development process. However, students are nohtdhig  actual standards, but also contributes to awarermdss
approach, and are surprised to learn about alteengiews marginalized user groups, and how to create solsitsuited
on software development. Neither are the studeimenghe to all users. Although not all guidelines can begta and

tools to reflect upon these aspects of their work. implemented through the development of one web#ite,
Still, theories on organizational structure andprinciples and information on guidelines are denaied.
development, power-structures and stakeholderkigntes, At Oslo University College, the Faculty of Enginieer;

are necessary to be able to understand and préwict there are plans to include universal design infitst year
development process. These are slowly being intiedjiato  course in web-programming from the autumn term @372
education, for example related to subjects sucboagpputer The aim is to establish the main principles of ersal
supported collaborative work and knowledge managéme design, to construct web pages according to WAdigjinies,
Examples are Adaptive Structuration Theory (whichusing style sheets and standard HTML. Human compute
describes the use of existing and emergent tecbivallp  interaction and usability will be important conterib the
human, and relational structures during use ofaboltative  several courses on the bachelor degree, and theierpes
technologies) and\ctor-Network Theory (describing power from the first year course will be carried furthermaking

relations between human and non-human actors). graphical user interfaces in general accessibleafouser
The use of sociological techniques, such as obServa groups.
and interviews, are becoming increasingly usefut fo In order to demonstrate the problems disabled users

describing the “world” where the systems belongwideer, face, the students will do exercises like surfihg tnternet
since the knowledge of how to conduct the techrgguighin ~ using one hand only, wearing sun glasses, glassgshw
a defined research strategy or theory is lacking,status of distort the sight, and blind-folded, thus learnindpat it
the theories and techniques is not as high a®iildibe, and means to be able to use the keyboard only. A detradits
these techniques are therefore frequently usedoutitbare. of this kind can illuminate the problems of manyewus
Within the mechanical world view, techniques arg¢enf groups; the blind, elderly, dyslectics and so on.
applied as recipes for success. This approach doedit It will then become clear to the students how many
most qualitative research, where reflections upd® t problems accessing web-pages are caused by srima/llpw
conduct, coding and interpretation of results aital o  contrast between print and background, lacking Aags for
ensure high reliability and validity. pictures, links with little meaning (for instancead morg,
Including sociology, ethnography, psychology andthe use of Java and Flash elements, and non-sthHdaviL.
ethics in systems development is recognized asessacy, The solution to these problems is to follow the Wa&dntent
but the knowledge of which techniques, methodomgied Accessibility Guidelines (WCAG) under the programelbV
views are best suited to a certain situation angl, whnot  Accessibility Initiative — the WAI-guidelines. Hower, it is
mentioned. Also, the responsibility of the softwdeveloper important to note the fact that accessibility i$ the same as
of technology on a larger scale is disregarded.r&8he a  usability. A web page may be accessible, but hiétke dr no
need to question why such aspects are lacking & thusability for the users in question, so content arehning
education of systems engineers. must also be carefully studied.
Integrating Universal Design in Education
CONCLUSION
In order to abide by the upcoming Norwegian lawiagfa
discrimination of disabled user groups, softwargettgpers  Usefulness for as many as possible is the crusipéa of
must be prepared to design all computer systemsrédiog  universal design. Universal design encourages eeggnto
to universal design principles. Therefore, softwaremove away from creating technology for the sterpiabl
engineering students should learn to design urallgrs user, to broader and more context based reflectimms
accessible and usable products and computer sysiartys potential users. From this perspective, universsligh can
in their studies, in order to establish practicabkledge of help bridge digital divides. Products and servidest are
universal design as an overall principle and stemhdiathe  designed according to universal design principleztthe
education system, and in industry. But universaigteis needs of potential users with a wide variety of
seldom taught systematically, although the primsphre characteristics. An aging population poses serallenges
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to the future society. Information systems are eagpart of  [6]
every day life, and must be designed to fit thedseef all
users groups. Studies of users with Parkinson'sagis
demonstrate the problems elderly users of techyoloi)
experience. Design for all means multi-modality iges [7]
dialogue-independence and user adaptability, using
guidelines and standards, such as the WAI guidekmel the

7 UD guidelines. These principles and standardst rhas
taught systematically in computer science and e@ging
education.

The software developer is often situated in thedheidf
a network of conflicting actors, users and stakadis. Even
if the ultimate goal is to design products to fltusers, this
is not always possible, and some users must betzéa to
the disadvantage of others. This can, however,eadt evith
through an iterative and incremental developmeatgss, a
"reversed universal design process", where theymtsdare
first designed for critical user groups (e.g. bliawxd wheel
chair users), and additional design refinementsnzade for
users with more physical and sensorial abilitiésrlan.

Focus should not only be on accessibility for lait also
on usability for all. It is important that univetsiesign - and
especially if limited to universal accessibilitydoes not
become another "fix it" phrase, believed to dradijc
minimize divides. The belief that people will incfause the
technology merely because it exists, is a techncédbg
deterministic view as well as very optimistic. Uaigally
designed products do not change underlying reasons
exclusion, nor are they likely to be free of user-
discrimination. They are merely products betterigtesd
with respect to fit more users in a diverse society

How to deal with the ethical issues of design stidnd a

part of the engineering education, in additionhe study of
philosophical, political and social views on teclugy.
Several learning institutions in Norway are nowingkthese
issues seriously; the University of Oslo for ins&monducts
a course in design of interactive web-pages, Whel’ﬁg]
accessibility and the WAI guidelines are part of ttourse.
Oslo University College is now incorporating prioleis of  [19]
universal design into several of the engineeringgmms.
We will present the results of teaching accessjbiéind
universal design in the first year course in webgpamming
in a future paper.
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