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"| feel... an ardent desire to see knowledge so disseminated through the maskioflrthat it
may...reach even the extremes of society: beggars and kings."
-- Thomas Jefferson, Reply to American Philosophical Society, 1808

In a fair society, all individuals would have equal opportunity to participate in, ofitokeoms,
the use of computer resources regardless of race, sex, religion, age, yisatbiinal origin or
other such similar factors.

-- ACM Code of Ethics

Position Paper for National Science Foundation & European Commission meeting on human-
computer interaction research agenda, June 1-4, 1999, Toulouse, France. To be published in
book form.

1. Introduction

The goal of universal access to information and communications services islocgngehas
united hardworking Internet technology promoters, telecommunications busircess |eand
government policy makers. Their positive motivations include innovative visions, corporate
opportunities, and social goods respectively, although critics see unreasonkfoe zea
technology, pursuit of high profit margins, and regulatory excesses or omissions.

Each sector is working hard to contribute what they see as valuable, winitettoryespond to
critics. Most technology infrastructure developers seek to accommodate higlesatiose,
reliably and rapidly even at peak periods, while ensuring security. Most sproiwgders strive

to develop popular communications, e-commerce, healthcare, education, and other services,
while ensuring profitability. Most government officials struggle to providetgdor consumers,
freedom of speech, and privacy protection, while supporting voluntary regulation plans.

HCIL Technical Report No. 99-17 (July 1999); http://www.cs.umd.edu/hcil
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Even if all of these professions succeed in their endeavors and the economies mfiisgdbw

costs, computing researchers will still have much work to do. They will have to dedhevit
difficult question:How can information and communications services be made usable for every
citizen? Designing for experienced frequent users is difficult enough, but designiadgfoad
audience of unskilled users is a far greater challenge. Scaling up froeeevlist 100 software
engineers to 100,000 schoolteachers to 100,000,000 registered voters will take inspiration and
perspiration.

Designers of older technologies such as postal services, telephones, asidtehavie reached

the goal ofuniversal usability, but computing technology is still too hard to use for many people
(Shneiderman, 1998). One survey of 6000 computer users found an average of 5.1 hours per
week wasted in trying to use computers. More time is wasted in front of comiate en
highways. The frustration and anxiety of users is growing, and the number of norsssdéirs i
high. Low-cost hardware, software, and networking will bring in many new users, dtadet

and information design improvements are necessary to achieve higher lewelssst a

We can define universal usability as having more than 90% of all households asflicsers

of information and communications services at least once a week. A 1998 survey of US
households shows that 42% have computers and 26% use Internet-based email or other services
(NTIA, 1999). The percentage declines in poorer and less educated areas wittgnatine i

many countries around the world. Cost is an issue for many, but hardware limit#ons

perceived difficulty, and lack of utility discourages others. If we are to theajoal of

universal usability, then we will have to directly address usability desigesss

This paper presents a research agenda based on three challenges in attaarse usability
for web-based and other services:

- Technology variety: Supporting a broad range of hardware, software, and network access

- User diversity: Accommodating users with different skills, knowledge, age, gender,
handicaps, literacy, culture, income, etc.

- Gapsin user knowledge: Bridging the gap between what users know and what they need to
know

This list may not be complete but it addresses important issues that neednattBesearch
devoted to these challenges will have a broad range of benefits fanfesiritermittent and
frequent users.

The termuniversal access is usually linked to the US Communications Act of 1934 covering
telephone, telegraph, and radio services. It sought to ensure “adequateSatife¢asonable
charges,” especially in rural areas and prevent “discrimination on the baacep€olor,

religion, national origin, or sex.” The term universal access has been appiwdoting
services, but the greater complexity of computing services means thas &oot sufficient to
ensure successful usage. Theretoigersal usability has emerged as an important issue and a
topic for computing research. The complexity emerges, in part, from high degree of
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interactivity that is necessary for information exploration, commerpallcations, and creative
activities. The Internet is compelling because of its support for interpgrsommunications
and decentralized initiatives: entrepreneurs can open businesses, jouraalstestc
publications, and citizens can organize political movements.

The increased pressure for universal access and usability is a happy byproaeigrofvth of
the Internet. Since services such as e-commerce, communication, educatiboakesdinance,
and travel are expanding and users are becoming dependent on them, there is a strong push to
ensure that the widest possible audience can participate. Another stnomgiatrépr universal
usability comes from those who provide access to government information (such&s the
Library of Congress’ THOMAS system to provide full texts of bills beforeGbegress) and the
movement towards citizen services at federal, state, and local levese 3ervices include tax
information and filing, social security benefits, passports, licensinggaton and parks, and
police and fire departments. Another circle of support includes employmentesydraining
centers, mental health clinics, parent-teacher associations, public igtergss, community
services, and charitable organizations. The enormous potential social good frorsalinive
usability creates a grand opportunity for the computing profession.

Critics of information technology abound, but often they focus on the creation of an indormat

poor minority, or worse, Internet apartheid. Although the gap in Internet usagedmas b

declining between men and women, and between old and young, the gap is growing between rich
and poor and between well and poorly educated. Less well documented is the continuing
separation between cultural and racial groups, and the low rates of usage byntaspgdivasers

whose unemployment, homelessness, poor health, or cognitive limitations rdise lharriers

(Silver, 1999). Ambitious pursuit of universal access and usability will counter saimeirof

legitimate concerns and help create more effective technologies wi¢gheffiective support

systems for users.

There are other criticisms of information and communications systemsthad lso be heard
by technology promoters. These include concerns about breakdown of community social
systems, alienation of individuals that leads to crime and violence, loss of privaagsmsn of
bureaucracies, and inadequate attention to potential failures (such as tb@0@eproblems or
loss of power/data). Open public discussion of these issues by way of particigsigry d
strategies and Social Impact Statements (Shneiderman and Rose, 1997) maghhegditive
and unanticipated side effects.

Technology enthusiasts can be proud of what has been accomplished and how many successful
Internet users there are, but deeper insights will come from understandimgtileens of

frustrated unsuccessful users, and of those who have turned away or stayed awatepEach s
broaden participation and reach these forgotten users by providing useful and usaids ser

will bring credit to our profession. A necessary first step is to formulasearch agenda.

2. Previous Resear ch Agendas



There is growing attention to the computing research issues related to alraeeess and
usability. The thoughtful and focused Rand Corporation repdunover sal Access to Email
(Anderson, Bikson, Law and Mitchell, 1995) made it clear that "better understaridiveg o
capabilities and limitations of current user-computer interfaces is neefedilarly, when the
National Academy of Science/National Research Council convened a paavelnitizen
interfaces, they recommended "an aggressive research program, funded by government and
private sources, that examines both the human performance side of interfaces ratedféce i
technologies, current and potential (CSTB, 1997)."

During a well-financed, but controversial study of 48 Pittsburgh area homes, 18ppats
received computers, free network connections, training, and assistanceobldn®. Even in
such optimal conditions a central limitation was the difficulties that ugeerienced with the
services (Kraut, Scherlis, Mukhopadhyay, Manning, and Kiesler, 1996). The reseanaiie
"even the easiest-to-use computers and applications pose significant barthersse of online
services...even with help and our simplified procedure, HomeNet participant® ik tr
connecting to the Internet.”

As attention to the issue of universal access and usability has grown, fr&séovanalyzing
problems have appeared. Clement and Shade (1999) suggest seven layers ofcanebges
facilities, devices, software tools, content services, service/accessigmoliteracy/social
facilitation, and governance. They see usability as a problem, espémialsers with
handicaps, and encourage consideration of the wide range of users and needs. Universal
usability is sometimes tied to meeting the needs of users who are disable# or éisabling
conditions. This is an important direction for research that is likely to berefseas. The
adaptability needed for users with diverse physical, visual, auditory, origegmindicaps is
likely to benefit users with differing preferences, tasks, hardware Glice(t and York, 1992;
Newell, 1995; Laux, McNally, Paciello, and Vanderheiden, 1996). Plasticity of #réaice and
presentation independence of the contents both contribute to universal usability.

The forthcoming ACM SIGCHI (Special Interest Group on Computer Human Ititerac
http://www.acm.org/sigclliResearch Agenda will focus on design of useful, usable and universal
user interfaces (Scholtz et al., 1999). SIGCHI has also promoted diversitysvattirgach
efforts to seniors, kids, teachers, and international groups. The ACM’s SIGCARtia{Spe
Interest Group on Computers and the Physically Handicappetwww.acm.org/sigcaghhas long
promoted accessibility for disabled users and its ASSETS series of corfpreneedings
(nttp://www.acm.org/sigcaph/assprovide useful guidance. The European conferences on User
Interfaces for All fttp://www.ics.forth.gr/proj/at-hci/UI4ALL/index.lntl) also deal with interface design
strategies. The Web Accessibility Initiativetg://www.w3.org/WA) of the World-Wide Web
Consortium has a guidelines document with 14 thoughtful content design items to support
disabled users, North Carolina State University’s Center for Universajrbiess seven key
principles fttp://www.design.ncsu.edu/c)gdand the University of Wisconsin’s TRACE Center
offers links to many resourcestf://trace.wisc.edu/wor)d



3. A Universal Usability Research Agenda

This research agenda focuses on three universal usability challenges nerdeseghnology
variety, user diversity, and gaps in user knowledge. Skeptics caution thag fdesigners to
accommodate low-end technology, low-ability citizens, and low-skilled usdnesiillt in a
lowest common denominator system that will be less useful to most users. Thisedarkosc
called dumbing down, is a reasonable fear, but the experience of this author suppghtea bri
outcome.

| believe that accommodating a broader spectrum of usage situations forgasrde® consider
a wider range of designs and often leads to innovations that benefit all usersarfplegxveb
browsers, unlike word processors, reformat text to match the width of the window. This
accommodates users with small displays (narrower than 640 pixels), and pravicke®enefit
for users with larger displays (wider than 1024 pixels), who can view more of a weliffage
less scrolling. Accommodating narrower (less than 400 pixels) or wider {haord 200 pixels)
displays presents just the kind of challenge that may push designers to develdpasew-or
example, they could consider reducing font and image sizes for small displaysg nooain
multi-column format for large displays, exploring paging strategiegeidsof scrolling), and
developing overviews.

A second skeptics’ caution, called the innovation restriction scenario, istdraptd to
accommodate the low end (technology, ability, or skill) will constrain innovatiorteédnigh
end. This is again a reasonable caution, but if designers are aware of this dendangers
seem avoidable. A basic HTML web page accommodates low-end users, and stgzhistiea
interfaces using Java applets or Shockwave plug-ins can be added for users witecadvanc
hardware and software, plus fast network connections. New technologies can oftands pr
as an add-on or plug-in, rather than a replacement. As the new technology bedeatedoand
widely accepted, it may become the new standard. Layered approaches havedessiud in
the past and they are compelling for accommodating a wide range of usersaard bagy to
implement when planned in advance, but often difficult to retrofit.

Advocates who promote accommodation of handicapped users often describe the curbcut - a
scooped out piece of sidewalk to allow wheel-chair users to cross streetsg Auldiouts after

the curbs have been built is expensive, but building them in advance reduces costs lscause le
material is needed. The benefits extend to baby carriage pushers, dadiwerg workers,

bicyclists, and travelers with roller bags. Other computer-related acogations that benefit

many users are putting the power switch in the front of computers, building adjustable
keyboards, and allowing user control over audio volume, screen brightness, and monitor
position.

Automobile designers have long understood the benefits of accommodating a wide range of

users. They feature adjustable seats, steering wheels, mirrors, and lig\ls as standard
equipment and offer optional equipment for those who need additional flexibility.
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Reaching a broad audience is more than a democratic ideal; it makes good bass®s3 ke
case fometwork externalities, the concept that all users benefit from expanded participation
(Shapiro and Varian, 1998; Borenstein, 1998), has been made repeatedly. Facilitassgad
improving usability expands markets and increases participation of diverseumsee
contributions to the community may be valuable to many. Broadening participatioroidyot
an issue of reducing costs for new equipment. As the number of users grows, titg tapa
rapidly replace a majority of equipment declines, so strategies twmhawdate a wide range of
equipment will become even more in demand.

With these concerns in mind, the research agenda for universal usability may prongke ma
innovations for all users.

3.1 Technology variety: Supporting a broad range of hardware, software, and network access

The first challenge is to deal with the pace of technology change and the vaeqtymhent
that users employ. The stabilizing forces of standard hardware, operatiegsynetwork
protocols, file formats, and user interfaces are undermined by the rapid pad®ofdgical
change. The technological innovators delight in novelty and improved features. eéhey s
competitive advantage to advanced designs, but these changes disrupt effortdeio broa
audiences and markets. Since limiting progress is usually an unsatisfattions an
appealing strategy is to make information content, online services, entenmaimmd user
interfaces more malleable or adaptable.

The range of processor speeds in use probably varies by a factor of 1000 or more. Lidaore’s
which states that processor speeds double every 18 months, means that after tee ypaes!

of the newest processors are 100 times faster. Designers who wish to takegadvianéay
technologies risk excluding users with older machines. Similar changegafdrand hard disk
space also inhibit current designers who wish to reach a wide audience. Otherdnardwa
iImprovements such as increased screen size and improved input devices also thliedten t
access. Research on accommodating varying processor speed, RAM, hard @islsizerand
input devices could help cope with this challenge.

Another hardware related research topic is software to convert inteafad@sformation across

media or devices. For users who wish to get web page contents read to them over the telephone
or for blind users, there are already some serviags. fwww.conversa.comput improvements

are needed to speed delivery and extract appropriately (Thomas, Basson, and Bardeat,

1999). Accommodating assorted input devices, by a universal bus would allow third party
developers to create specialized and innovative devices for users with handigmasabmeeds

(Perry, Macken, Scott, and McKinley, 1997).

Software changes are a second concern. As applications programs matureantygystems
evolve users of current software may find their programs become obsolete benaese
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versions fail to preserve file format compatibility. Some changesegessary to support new
features, but research would be helpful to identify modular designs that promotéevwwhite
ensuring compatibility and bi-directional file conversion. The Java movementig e she
right direction, since it proposes to support platform independence, but its strugglateititkc
difficulty of the problems.

Network access variety is a third problem. Some users will continue to use spmeedr

(14.4Kbps) dial-up modems while others will use 10Mbps cable modems. This 100-fold
speedup requires careful planning to accommodate. Since many web pages cgetain lar
amounts of graphics, providing user control of byte counts would be highly advantageous. Most
browsers allow users to inhibit graphics, but more flexible strategies atechedsers should

be able to specify that they want reduced byte count graphics, and invoke procedures on the
server to compress the image from 300K to 100K or to 30K. With additional image analysis
research, servers should be able to produce a 10K image outline. An alternativeyis Si6tpl

byte textual label, supplied by the author, already a requirement for marsite® that

accommodate blind users.

3.2 User diversity: Accommodating users with different skills, knowledge, age, gender,
handicaps, literacy, culture, income, etc.

A second challenge to broadening participation is the diversity of users (Kothsstephanidis,
1998; Fink, Kobsa, and Nill, 1999). Since skill levels with computing vary greatly, mary sear
engines provide a basic and advanced dialog box for query formulation. Since knoeledige |
in an application domain vary greatly, some sites provide two or more versions.aRgriex

the National Cancer Institute provides thoughtful information on many forms oérctor

patients and more detailed information for physicians. Since children differ tholts & their
needs, NASA provides a K-12 (kindergarten through drade) section of many of their space
mission pages. Many other examples of accommodating diverse users by saafhgc
separate sections of a web site can be found. Universities often segmeitethéor s
applicants, current students, or alumni, but then provide links to shared resources of mutual
interest.

Similar segmenting strategies can be employed to accommodate itegyeaw reading skills or
users who require other natural languages. While there are some servidestatiaally
convert web pages to multiple languages:(/www.altavista.comhttp://www.scn.org/spanish.htiithe
guality of human translations is much higher. Research on tools to facilitate poepanal
updating of web sites in multiple languages would be helpful. For example, if an esomenm
site maintained multiple language versions of a product catalog, then it wouldlleéaubave a
tool that facilitated simultaneous changes to a product price (possibly irediftarrencies),
name (possibly in different character sets), or description (possibly tunegidoalevariations).
A more difficult problem comes in trying to accommodate users with a wide i@rincomes,
cultures, or religions. Imagine trying to prepare multiple music, food, or etptatalogs that



were tuned to local needs by emphasizing highly desired products and elimingeisivef
items. E-commerce sites that are successful in these strategiiéelg to be more widely used.

Another set of issues deals with the wide range of handicaps, or differepahllitees of users.
Many systems allow partially sighted users, especially elderhg useincrease the font size or
contrast in documents, but they rarely allow users to improve readability in contris, reahe
messages, or dialog boxes. Blind users will be more active users of information and
communications services if they can receive documents by speech generatioradieinaid
provide input by voice or their customized interfaces. Physically handicappedvlseegerly
use services if they can connect their customized interfaces to standardajragéi interfaces,
even though they may work at a much slower pace. Cognitively impaired usersilgiith m
learning disabilities, dyslexia, poor memory, and other special needs could also be
accommodated with modest design changes to improve layouts, control vocabulampjtand li
short-term memory demands.

Expert and frequent users also have special needs. Enabling customizatiorettahgpe

volume users, macros to support repeated operations, and inclusion of special-purpose devices
could bring many benefits. Research on the needs of high-end users could improvesrfrface
all users.

Finally, appropriate services for a broader range of users need to bepeeyéésted, and
refined. Corporate knowledge workers are the primary audience for mangnponaey
software projects, so the interface and information needs of unemployed, hons mizkdied,
or migrant workers, usually get less attention. This has been an appropriateshisaigsn till
now, but as the market broadens and key societal services are provided elelgtrdmecal
forgotten users must be accommodated. For example, Microsoft Word providesedsrigslat
marketing plans and corporate reports, but every citizen interfaces mightitiejob
applications, babysitting cooperatives, or letters to city hall.

The growth of online support communities, medical first-aid guides, neighborhood-imgmivem
councils, and parent-teacher associations will be accelerated as improvaderded

information designs are developed. Community-oriented plans for preventing diaghml a
abuse, domestic violence, or crime could also benefit from research on interfactandtion
design. Such research is especially important for government web siteghsinclesigners are
moving towards providing basic services such as driver registration, bustegs®s, municipal
services, tax filing, and eventually voting. Respect for the differing needsrsfwil do much

to attract them to using advanced technologies.

3.3 Gapsin user knowledge: Bridging the gap between what users know and what they need to
know



A third challenge is to bridge the gap between what users know and what they need. té\know
wide variety of strategies is used in practice and competing theoripsoaneted by researchers,
but their efficacy is poorly studied.

Users approach new software tools with diverse backgrounds. Sometimes theplgeefew
minutes of orientation to understand the novelties and begin to use new tools succesfarly. O
users need more time to acquire knowledge about the objects and actions in theaapplicat
domain and in the user interface. To help these users, designers need clear and validate
guidance on effective tutorials for novices, lucid instructions for common tasks,umbivstr
help for intermittent users, and compact presentations for experts. Improigtddsiser
interfaces should emphasize error prevention, but specific, positive tone and cwestmiot
messages, with easy repair strategies, are also important. Othempatdatare easily
reversible actions and detailed history keeping for review and consultation erthgrel
mentors. Systematic logging of usage and observations of users would help greatarciiRe
on tools to help developers provide, assess, and refine such services would be useful.

A more fundamental interface and information design research problem is how to develop
improved strategies for evolutionary learning. Proposals for appropriatedayesigns,

graceful progressive disclosure, and comprehensible user-controlled options beed t
implemented and tested. Could users begin with an interface that contained onfgdiasts

(say five percent of the full system) and become experts at this level witbiv minutes?
Introductions and tutorials could be finely tuned to meet the needs of users of this rmawbw s
features. Then how might they explore additional features and add them as need&df/, Sim
how can users understand and cope with the many exotic options in modern word processors,
email handlers, and web browsers? A good beginning has been made with concepts such as
layered implementations and the minimal manual (van der Meij and Carroll, 1995),|mg sca
up and broader application will require further research.

Finally, the provision of online help by way of email, telephone, video conferencinghairedi s
screens needs further examination and design improvements. There is gppaddéince that
online social mechanisms among peers such as news groups, listservs, amdyragked
guestion (FAQ) lists are helpful, but there is little research that distmegimmong the best and
worst of these. While consumer advocates have studied the time to get responseebiume
help desks offered by software providers, there is little insight about how to makeséneices
more effective. Best practices, validated analyses, guidelines, aneéshemuld all be improved
through extensive research.

4. Conclusion
Attaining the benefits of universal access to web-based and other informatronpaications,
entertainment, and government services will require a more intense comitirt@vering

costs, coupled with human-computer interaction research and usability emgn@estarting
point for research would be a program that addressed at least these univbilégl cisallenges:
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- Technology variety: Supporting a broad range of hardware, software, and network access

- User diversity: Accommodating users with different skills, knowledge, age, gender,
handicaps, literacy, culture, income, etc.

- Gapsin user knowledge: Bridging the gap between what users know and what they need to
know

America OnLine claims that "Its so easy to use. Thats why weamger one." They
recognize the centrality of usability, and have done well to make theireensable by many.
Their success is admirable in reaching a fraction of the potential audienoajdiutvork
remains to achieve the goal of universal usability. In planning ahead to altienevital
services will be provided online and when novel social, economic, and political programs
become possible because of widespread citizen participation, we should considesedraih
is needed to support our aspirations.
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