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494 14 Computer-Supported Cooperative Work 

14.5 Face to Face: Same Place, Same Time 

Teams of people often work together and use com.plex shared technology. 
Pilot and copilot cooperation in airplanes has been designed carefully with 
shared instruments and displays. Coordination among air-traffic controllers 
has a long history that has been studied thoroughly (Wiener and Nagel, 1988). 
Stock-market trading romns and com1nodity 1narkets are other existing appli
cations of face-to-face tea1nwork or negotiations that are cmnputer mediated. 

Newer applications in office and classroom environments are attracting 
1nore attention because of the large numbers of potential users and the potential 
for innovative approaches to work and to learning. These applications include: 

• Shared display from lecturer workstation In this shnple form of group 
computing, a professor or lecturer 1nay use the cmnputer with a large
screen projector to demonstrate a computing application, to show a set 
of slides with business graphics, to retrieve images, or to run an anima
tion. Fred Hofstetter (1995) of the University of Delaware developed a 
1nultimedia lectureware package, PODIUM, that allows instructors to 
compose illustrated lectures using slides, computer graphics, anima
tions, videos, and audio sequences. Many speakers are happy to use 
standard commercial packages such as Microsoft PowerPoint, Lotus 
Freelance, or Adobe Persuasion. User-interface issues include simplic
ity in moving to the next slide, capacity to ju1np out of sequence, and 
ease of making spontaneous changes. 

• Audience response units Simple keypads have been used effectively in 
training courses. Students can answer multiple-choice questions at 
their desks, and results can be shown to the full class on a large display. 
Similar units have been used by advertising researchers who ask test 
audiences to respond to cmnmercials shown on a large screen. Votes in 
parliamentary forums can be rapid and accurate. Promoters claim that 
this shnple technology is easy to learn, is acceptable to most people, is 
nonthreatening, and heightens attention because of the participatory 
experience. The National Geographic interactive exhibit gallery in 
Washington, D.C., has five-button response units that allow visitors to 
try their hand at answering multiple-choice questions such as "What 
percentage of the earth is covered by water?" The set of answers is 
shown on the shared display, but the presentation sequence is unaf
fected by the audience's selections. 

• Text-submission workstations By giving each participant a keyboard and 
simple software, it is possible to create an inviting environment for con
versation or brainstorming. Batson (Bruce et al., 1992) at Gallaudet Uni
versity constructed a highly successful networking program that allows 
each participant to type a line of text that is shown immediately, with 
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the author's name, on every participant's display. With 10 people typ
ing, new comments appear a few tim.es per second and lively conversa
tions ensue. Batson's goal was to overcome his frustrated efforts at 
teaching college-level English writing, and his English Natural Form 
Instruction (ENFI) network software was spectacularly successful: 

It seems slightly ironic that the computer, which for twenty-five years 
has been perceived as anti-human, a tool of control and suppression of 
human instinct and intuition, has really humanized m.y job. For the first 
time in a long time, I have real hope that we might make smne progress .. 
. . Freed of having to be the cardboard figure at the front of the classroom, 
I became a person again, with foibles, feelings and fantasies. As a group, 
we were more de1nocratic and open with each other than any other writ
ing class I'd had. (Bruce et al., 1992). 

The clatter of the keyboards adds to the laughter, groans, cheers, and 
grimaces to create a good ahnosphere. 

• Brainstorming, voting, and ranking Beyond talking, structured social 
processes can produce dramatic educational discussions and highly pro
ductive business meetings. The University of Arizona was a pioneer in 
developing the social process, the physical environment, and the software 
tools (Valacich et al., 1991) to "reduce or elilninate the dysfunctions of the 
group interaction so that a group reaches or exceeds its task potential" 
(Fig. 14.7). By allowing anonymous submission of suggestions and rank
il1g of proposals, the authors introduced a wider range of possibilities; 
also, ideas were valued on their merits, independently of the originator 
(Fig. 14.8a-c). Because ego investments and conflicts were reduced, groups 
seemed to be more open to novel suggestions. IBM has built 19 Decision 
Center rooms based on the Arizona model for its internal use, and another 

Figure 14.7 

Semicircular classroom 
with 24 personal com
puters built into the 
desks at the University 
of Arizona. (Group Sys
tems is a registered 
trademark of Ventana 
Corporation.) 
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Figure 14.8 
"*I File Edit Survey Group Options Window Help 

Sample screens from 
GroupSystems Electronic 
Meeting software. Online 
restaurant survey (top). 
Results of a vote in part of 
the restaurant survey (bot
tom). (Used with permis
sion from Ventana Corp., 
Tucson, AZ.) (Group 
Systems is a registered 
tradetnark of Ventana 
Corporation.) 

1.Sex 
Put a dot in the right boxrFema!e/Ma!e) 

2.Age 
<2 =Less than 20 years, <3 = 20-29 'Y, <4 = 30-39 Y 
<5 = 40 - 49 Y, >5 = Jl.·fore them 50 year.s old 

3. How would you describe our Food ? 
VB= vew bad, B =Bad, !V = !Vevlral, G =Good, VG = VewGood 

4. How Would you describe our Service? 
VB= vew bac\ B =Bad, !V = !Veultal, G =Good, VG = VewGood 

5. How would you describe our Environment ? 
VB= ve,oy bad, B =Bad, !V =Neutral, G =Good, VG = VetyGood 

f!il 6. How would you describe our Price ? 
Put a dot jn the statement tf)at vou think is most accumte. 

a. As "value for money'' 

b. As "a bit expensive" 

c. As "too expensive" 

· ...... <;···· .... · ...•.......•...... """ 
F M 
Ot 

Mark 

I] 

[ 

[ 

20 for rental to users under the TeamFocus name. Well-trained facili
tators with backgrounds in social dynamics consult with the team 
leader to plan the decision session and to write the problem state
ment. In a typical task, 45 minutes of brainstorming by 15 to 20 peo
ple can produce hundreds of lines of suggestions for questions such 
as, "How can we increase sales?" Or, "What are the key issues in 
technological support for group work?" Then, items can be filtered, 
clustered into similar groups, and presented to participants for 
refinement and ranking. Afterward, a printout and electronic-file 
version of the entire session is immediately available. Numerous 
studies of electronic meeting systems with thousands of users have 
demonstrated and explored the benefits (Nunamaker et al., 1991): 

• Parallel communication promotes broader input into the meet
ing process and reduces the chance that a few people dominate 

. the meeting. 
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• Anonymity mitigates evaluation apprehension and confonnance 
pressure, so issues are discussed more candidly. 

• The group memory constructed by participants enables the1n to 
pause and reflect on information and on opinions of others during 
the meeting, and serves as a permanent record of what occurred. 

• Process structure helps to focus the group on key issues, and dis
courages digressions and unproductive behaviors. 

• Task support and structure provide information and approaches to 
analyze that information. 

The University of Arizona system is marketed under the name Group
Systems (Ventana Corp.). 

• File sharing A simple but powerful use of networked con'lputers in a 
workplace, classromn, or meeting room is to share files. Participants 
may arrive with sales reports that can be shared with other people in 
the romn rapidly. Alternatively, the group leaders 1nay have agenda or 
budgets that they wish to broadcast to all participants, who may then 
annotate or embed these documents in others. Shared files 1nay contain 
text, programs, spreadsheets, databases, graphics, animations, sound, 
X-ray images, or video. Presumably, distribution can go beyond the 
meeting room to allow participants to access the files from their offices 
and homes. 

• Shared workspace The complement to each person receiving a personal 
copy of a file is to have a shared view of a workspace that every user 
can access. The pioneering Capture Lab at Electronic Data Systems con
tained an oval desk with eight Macintosh computers built into the desk 
to preserve the business-meeting atmosphere (Mantei, 1988). The large 
display in front of the desk is visible to all attendees, who can each take 
control of the large screen by pressing a button on a machine. At Xerox 
PARC, the research system Colab has generated the commercial large
screen (167-cm-diagonal) display, LiveBoard (Fig. 14.9), on which users 
can see the current list of topics or proposals, and can point to, edit, 
move, or add to under the policy sometimes called WYSIWIS (what 
you see is what I see) (Stefik et al., 1987). The advantage of a shared 
workspace is that everyone sees the sa1ne display and can work com
munally to produce a joint and recorded result (Weiser, 1991). 

• Group activities With the proper networking software among worksta
tions, users can be assigned a problem, and those needing assistance 
can "raise their hands" to show their display on a large shared display 
or on the group leader's display. Then, the group leader or other partic
ipants can issue commands to resolve the problem. Similarly, if partici
pants have a particularly noteworthy result, graphic, or comment, they 
can share it with the group either on the large shared display or on indi
vidual workstations. 
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Figure 14.9 

The LiveBoard Interactive Meeting System from Live Works, Inc., a Xerox company. 
Team discussions with groups at multiple locations can be facilitated with a 167-cm 
LiveBoard display. (Used with permission of Live Works, Inc.) 

14.6 Applying CSCW to Education 

The potential for a groupware-mediated paradigm shift in education evokes 
passion from devotees, but there is ample reason for skepticism and resistance. 
No single technology will dominate, but successful combinations will have to 
be suited to the goals of the institution, pedagogic style of the instructor, and 
availability of equipment for students. The long-promised but slow education 
revolution is speeding up as use of electronic 1nail and the web become wide
spread (Gilbert, 1996). Smne-time, same-place electronic classrooms and a rich 
variety of distance-education strategies are promoted as ways to improve qual
ity or to lower costs, but a change in teaching and learning styles and the inclu
sion of new students are often the main result (Harasim et al., 1995). 

Coordination of students in a virtual classroom is a complex process but it 
can enable a stimulating educational experience for people who cannot 

0517
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travel to a regular classroom (Hiltz, 1992). Multiple trials with sociology, 
computer-science, and philosophy courses demonstrated the efficacy of a 
conference fonnat for college courses, complete with homework assign
ments, projects, tests, and final examinations. Instructors found the constant 
flow of messages to be a rewarding challenge, and students were generally 
satisfied with the experience: 

The essence of the Virtual Classroom is an environment to facilitate collaborative 
learning. For distance education students, the increased ability to be in constant 
c01nm.unication with other learners is obvious. But even for campus-based 
courses the technology provides a means for a rich, collaborative learning envi
ronment which exceeds the traditional classroom in its ability to 'connect' stu
dents and course materials on a round-the-clock basis. (Hiltz, 1992) 

Distance education with broadcast-quality video lectures is cmnmon, but 
interactivity with students is often by telephone, electronic mail, or web 
exchanges. DTVC has the potential to create livelier two-way interactions 
for discussion, mentoring, and remediation. The greatest beneficiaries are 
professionals who can attend courses electronically from their offices or spe
cial learning centers, and hmne-oriented students who cannot commit the 
ti1ne for travel to a traditional campus. Current desktop videoconferencing 
facilitates communication, but improvements are needed to give instructors 
better awareness of reactions at multiple sites and ways to manage smoother 
turn taking (Ramsay et al., 1996). Improved resolution will help to convey 
gesture, gaze direction, and body language, but seeing detail and context 
simultaneously at multiple sites is a challenge (Fussel and Benimoff, 1995). 

The electronic classrooms at the University of Maryland balance the pur
suit of new technologies with the exploration of new teaching and learning 
styles (Shneidennan et al., 1995). Three classrooms were built with 40 seats 
and 20 high-resolution monitors partially recessed into the desks to preserve 
sightlines (Fig. 14.10). The computers were placed in a side room to increase 
security and room space and to reduce noise and heat. A workstation and 
two large rear-projected displays enable instructors to show everyone their 
screen or any student screen. Keys to success included provision of the nec
essary infrastructure for faculty training and support, and collection of 
ample evaluation data to guide the process. 

Over the first six years, 68 faculty (30 tenured, 16 nontenured, 22 other staff) 
from 21 departments offered 233 courses with over 6782 students. Courses 
filled most slots from 8 A.M. to 10 P.M., and were as diverse as 11The Role of 
Media in the American Political Process," II Chinese Poetry into English," //Mar
keting Research Methods," 11Database Design," and //Saving the Bay." 

Faculty members who used the electronic classrooms explored novel 
teaching and learning styles that can create more engaging experiences for 
students. While traditional lectures with or without discussion remain com
mon, electronic-classromn technologies can enliven lectures (Hofstetter, 
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Figure 14.10 

AT&T Teaching/Learning Theater at the University of Maryland has 20 high-resolu
tion displays built into custom desks with seats for 40 students. 

1995) while enabling active individual learning, small-group collaborative 
learning, and entire-class collaborative learning. Most faculty acknowledge 
spending more preparation time to use the electronic classroom especially in 
their first semester, but one wrote that it is "well worthwhile in terms of 
greater learning efficiency." 

The assumption that improved lectures were the main goal changed as 
faculty tried collaborative teaching methods and talked about these methods 
with one another. Faculty who had used paper-based collaborations appreci
ated the smoothness of showing electronic student submissions to the whole 
class. Faculty who had not used collaborative methods appreciated the ease 
and liveliness of an anonymous electronic brainstorming session. 

More active individual learning experiences include using software dur
ing class time 

• To write essays in English or poems in a foreign language 

• To find antecedents of Impressionism in an art-history library of 
9000 images 

• To run business simulations to increase product quality 

• To perform statistical analyses of psychology studies 
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• To do landscaping with computer-assisted design and graphics packages 

• To compose c01nputer programs 

• To search the Internet 

A common teacher strategy (Norman, 1994) is to assign tilne-limited (3 to 
10 minutes) tasks, and then to use the video switcher to review the students' 
work, to give individual help when necessary, and to show the students' work 
to the entire class. The transformational breakthrough lies in opening the 
learning process by rapidly showing many students' work to the entire class. 
Doing so at first generates student and faculty anxiety, but quickly becomes 
normal. Seeing and critiquing exemplary and ordinary work by fellow stu
dents provides feedback that inspires better work on subsequent tasks. 

Small-group collaborative-learning experiences include having pairs of stu
dents work together at a 1nachine on a tilne-limited task. Pairs often learn better 
than individuals, because people can discuss their problems, learn fr01n each 
other, and split their roles into problem solver and computer operator. With 
paired tea1ns, the variance of c01npletion time for tasks is reduced compared to 
individual use, and fewer students get stuck in c01npleting a task. Verbalization 
of problems has often been de1nonstrated to be advantageous during learning 
and is an important job skill to acquire for modern team-oriented organizations. 

Innovative approaches with larger teams include silnulated hostage negoti
ations with terrorist airplane hijackers in a course on conflict resolution, and 
business trade negotiations in a United Nations format for a course on com
mercial Spanish. Teams work to analyze situations, to develop position state
ments online, and to c01nmunicate their positions to their adversaries over the 
network. In an introductory programming course, 10 teams wrote components 
and sent them through the network to the lead team, who combined the pieces 
into a 173-line program, all in 25 minutes. The class performed a walkthrough 
of the code using the large-screen display, and quickly identified bugs. 

Some faculty find that adapting to the electronic-classroom environment 
changes their styles so much that they teach differently even in traditional 
classrooms. Other faculty vow that they will never teach in a traditional 
classroom again. Most faculty users want to continue teaching in these elec
tronic classrooms and discover that more than their teaching styles change
their attitudes about the goals of teaching and about the content of the 
courses often shift as well. Many faculty develop higher expectations for 
student projects. Some become evangelists within their disciplines for the 
importance of teamwork and its accompanying communications skills. 

On the negative side, a math professor who used the computers only to do 
occasional demonstrations returned to teaching in a traditional classroom, 
where he had much more blackboard space. Some reluctant instructors 
express resistance to changing their teaching styles and anticipate having to 
make a large effort to use the electronic classrooms. 
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Evaluations included standard course evaluations, use of anonymous 
electronic ratings, and specially prepared questionnaires. A controlled 
study with 127 students (Alavi, 1994) indicated that electronic-classroom 
students had higher perceived skill development, self-reported learning, 
and evaluation of classroom experience than did students in a collabora
tive-learning traditional classroom. Electronic-classroom students also 
had statistically significantly higher final-exam grades. Popular features 
were the electronic note taking, interactivity, idea sharing, and brain
storming. 

Evaluations revealed problems with network access from outside the class
rooms and with file-sharing methods within the classroom. Students generally 
were positive, and often were enthusiastic: "Everyone should have a chance to 
be in here at least once .... Great tech. Great education technique .... Easy to 
use, but tends to crash and die at times .... the best thing that I could think of to 
improve the ability to teach interactively. Even though there were a few humps 
to get over at the beginning-it was well worth the effort (and money)." 

Intense interest in educational technology and in new teaching strategies 
is widespread. Resource-rich universities are investing in teaching-learning 
theaters; others are making innovative use of electronic mail, listservs, and 
the web (Gilbert, 1996). Distance learning using CSCW technologies seems 
likely to expand. 

14.7 Practitioner's Summary 

Computing has become a social process. The networks and telephone lines 
have opened up possibilities for cooperation. Electronic mail has made it 
easy to reach out and touch someone, or thousands of someones. News
groups, electronic conferences, and the web have enabled users to be in 
closer communication. Coordination within projects or between organiza
tions is facilitated by text, graphic, voice, and even video exchanges. Even 
face-to-face meetings are getting a facelift with new tools for electronic meet
ings and with teaching-learning theaters. The introspective and isolated 
style of past computer use is giving way to a lively social environment where 
training has to include netiquette (network etiquette). These collaboration 
tools are beginning to have a visible effect; it seems that their success will 
continue spreading. However, as there are in all new technologies, there will 
be failures and surprising discoveries, because our intuitions about the 
design of groupware are based on shallow experience (Box 14.1). Thorough 
testing of new applications is necessary before widespread dissemination. 
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Box 14.1 

Questions for consideration. The novelty and diversity of computer-supported 
cooperative work means that clear guidelines have not emerged, but these sobering 
questions might help designers and managers. 

Computer-Supported Cooperative Work Questions 
• How would facilitating communication improve or harm teamwork? 
• Where does the community of users stand on centralization versus 

decentralization? 
• What pressures exis.t for conformity versusindividuality? 
• How is privacy compromised or protected? 
. • What are the sources of friction among participants? 
• Is there protection from hostile, aggressive, or malicious behavior? 
• Will there be sufficient equipment to support convenient access for all 

participants? 
• What network delays are expected and tolerable? 
• What is the user's level of technological sophistication or resistance? 
• Who is most likely to be threatened by computer-supported cooperative 

work? 
• How will high-level management participate? 
• Which jobs may have to be redefined? 
• Whose status will rise or fall? 
• What are the additional costs or projected savings?· 
• Is there an adequate phase:..fn plan with sufficient training? 
• Will there be consultants andadequate assistall.ceintheearly phases? 
• . Isthere en(>ugh flexibility to handle exceptional cases a1J.d specialneeds 

(disabilities)? · · · · 

• What international, national, orgapizational standards must be 
considered? · · · 

• How will success be evalJ,lated? 

14.8 Researcher's Agenda 

The opportunities for new products and for refinements of existing products 
seem great. Even basic products such as electronic mail could be improved 
dramatically by inclusion of advanced features, such as online directories, 
filtering, and archiving tools, as well as by universal-access features, such as 
improved tutorials, better explanations, and convenient assistance. Confer-
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encing methods and cooperative document production will change as band
width increases and video is added. The most dramatic projects thus far are 
the ambitious electronic-meeting systems and teaching-learning theaters. 
They are costly, but are so attractive that many organizations are likely to 
spend heavily on these new technologies during the next decade. Although 
user-interface design of applications will be a necessary component, the 
larger and more difficult research problems lie in studying the social 
processes. How will home life and work be changed? How might interfaces 
differ for games, cooperative work, and conflict-laden online negotiations? 
Some of the excitement for researchers in computer-supported cooperative 
work ste1ns from the vast uncharted territory: theories are sparse, controlled 
studies are difficult to arrange, data analysis is overwhelming, and predic
tive 1nodels are nonexistent (Olson et al., 1993). 

World Wide Web Resources www 
Computer Supported Cooperative Work is naturally a part of the 
World Wide Web and novel tools are springing up on many web
sites. You can try various chat services, download special purpose 
software, or shop for conferencing tools (video, audio, or text
based). Evaluations are also available online. 

http:/ /www.aw.com/DTUI 
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Infortnation Search 
and Visualization 

Everything points to the conclusion that the phrase "the language of art" is more than 
a loose metaphor, that even to describe the visible world in images we need a devel
oped system of schemata. 

E. H. Gombrich, Art and Illusion, 1959 (p. 76) 
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After
word 

15.2 Database Query and Phrase Search 
in Textual Documents 

15.3 Multimedia Document Searches 
15.4 Information Visualization 
15.5 Advanced Filtering 
15.6 Practitioner's Summary 
15.7 Researcher's Agenda 

15.1 Introduction 

Information exploration should be a joyous experience, but many commen
tators talk of information overload and anxiety (Wurman, 1989): However, 
there is promising evidence that the next generation of digital libraries will 
enable convenient exploration of growing information spaces by a wider 
range of users. User-interface designers are inventing more powerful search 
and visualization methods, while offering smoother integration of technol
ogy with task. 

The terminology swirl in this domain is especially colorful. The older 
terms of information retrieval (often applied to bibliographic and textual doc
ument systems) and database management (often applied to more structured 
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relational database systems with orderly attributes and sort keys), are being 
pushed aside by newer notions of information gathering, seeking, filtering, or 
visualization. Business-oriented developers focus on the huge volumes of 
data when they talk of data mining and warehousing, while expert-system 
visionaries talk about knowledge networks. The distinctions are subtle; the 
common goals range from finding a narrow set of items in a large collection 
that satisfy a well-understood information need (known-item search) to 
browsing to discover unexpected patterns within the collection (Marchionini, 
1995). 

Exploring information collections becomes increasingly difficult as the 
volume and diversity grows. A page of information is easy to explore, but 
when the information representation becomes the size of a book, or library, 
or even larger, it may be difficult to locate known ite1ns or to browse to gain 
an overview. The strategies to focus and narrow are well understood by 
librarians and information-search specialists, and now these strategies are 
being implemented for widespread use. The computer is a powerful tool for 
searching, but traditional user interfaces have been a hurdle for novice users 
(complex commands, Boolean operators, unwieldy concepts) and an inade
quate tool for experts (difficulty in repeating searches across multiple data
bases, weak methods for discovering where to narrow broad searches, poor 
integration with other tools) (Borgman, 1986). This chapter suggests novel 
possibilities for first-time or intermittent versus frequent computer users, 
and also for task novices versus experts. Improvements on traditional text 
and multimedia searching seem possible as a new generation of visualiza
tion strategies for query formulation and information presentation emerges. 

Designers are just discovering how to use rapid and high-resolution color 
displays to present large amounts of information in orderly and user-con
trolled ways. Perceptual psychologists, statisticians, and graphic designers 
(Bertin, 1983; Cleveland, 1993; Tufte, 1983, 1990) offer valuable guidance 
about presenting static information, but the opportunity for dynamic dis
plays takes user-interface designers well beyond current wisdom. 

The objects-actions interface (OAI) model (see Fig. 2.2) helps by separat
ing task concepts (do you think of your organization as a hierarchy or a 
matrix?) from interface concepts (is your hierarchy can best represented as 
an outline, node-link diagram, or a treemap?). The OAI 1nodel also separates 
high-level interface issues (are overview diagrams necessary for naviga
tion?) from low-level interface issues (will color or size coding be used to 
represent salary levels?). 

First-time users of an information-exploration system (whether they have 
little or much task knowledge) are struggling to understand what they see 
on the display while keeping in mind their information needs. They would 
be distracted if they had to learn complex query languages or elaborate 
shape-coding rules. They need the low cognitive burdens of menu and 
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direct-1nanipulation designs and simple visual-coding rules. As users gain 
experience with the interface, they can request additional features by adjust
ing control panels. Knowledgeable and frequent users want a wide range of 
search tools with m_any options that allow them to compose, save, replay, 
and revise increasingly elaborate query plans. 

To facilitate discussion, we need to define a few terms. Task objects, such as 
Leonardo's notebooks or sports-video segments from the Olympics, are repre
sented by interface objects in structured relational databases, textual document 
libraries, or 1nultimedia document libraries. A structured relational database con
sists of relations and a schema to describe the relations. Relations have items (usu
ally called tuples or records), and each ite1n has multiple attributes (often called 
fields), which each have attribute values. In the relational1nodel, items form an 
unordered set (although one attribute can contain sequencing information or 
be a unique key to identify or sort the other items) and attributes are atomic. 

A textual document library consists of a set of collections (typically up to a 
few hundred collections per library) plus some descriptive attributes about the 
library (for exmnple, name, location, owner). Each collection has a name plus 
son1e descriptive attributes about the collection (for example, location, 
media type, curator, donor, dates, geographic coverage), and a set of items 
(typically 10 to 100,000 items per collection). Items in a collection may vary 
greatly, but usually a moderate-sized superset of attributes exists that covers 
all the ite1ns. Attributes may be blank, have single values, have multiple val
ues, or be lengthy texts. A collection is owned by a single library, and an item 
belongs to a single collection, although exceptions are possible. A multimedia 
document library consists of collections of documents that can contain images, 
sound, video, animations, and so on. 

Task actions such as fact finding are decomposed into browsing or searching, 
and are represented by interface actions such as scrolling, zooming, joining, or 
linking. Users begin by formulating their information needs in the task 
domain. Tasks can range from specific fact finding, where there is a single 
readily identifiable outcome, to more extended fact finding, with uncertain 
but replicable outcomes. Relatively unstructured tasks include open-ended 
browsing of known collections and exploration of the availability of infor
mation on a topic: 

Specific fact finding (known-item search) 

Find the Library of Congress call number of "Future Shock." 
Find the telephone number of Bill Clinton. 
Find the highest-resolution LANDSAT image of College Park at noon 

on Dec. 13, 1997. 

Extended fact finding 

What other books are by the author <;>f Jurassic Park? 
What genres of music is Sony publishing? 
Which satellites took images of the Persian Gulf War? 
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Open-ended browsing 

Does the Mathew Brady Civil War photo collection show the role of 
women in that war? 

Is there new work on voice recognition being reported from Japan? 
Is there a relationship between carbon-monoxide levels and 

desertification? 

Exploration of availability 

What genealogy information is available at the National Archives? 
What information is available on the Grateful Dead band me1nbers? 
Do NASA datasets demonstrate acid-rain damage to soy crops? 

Once users have clarified their infonnation needs, the first step in satisfy
ing those needs is to decide where to search (Marchionini, 1995). The conver
sion of information needs, stated in task-domain terminology, to interface 
actions is a large cognitive step, but it must be accomplished before expres
sion of these actions in a query language or via a series of mouse selections 
can begin. 

Supple1nental finding aids can help users to clarify and pursue their infor
mation needs. Examples include tables of contents or indexes in books, 
descriptive introductions, concordances, key-word-in-context (KWIC) lists, 
and subject classifications. Careful understanding of previous and potential 
search requests, and of the task analysis, can improve search results by 
allowing the system to offer hot-topic lists and useful classification schemes. 
For example, the U.S. Congressional Research Service has a list of approxi
mately 80 hot topics covering current bills before Congress, and has 5000 
terms in its Legislative Indexing Vocabulary. The National Library of Medi
cine maintains the Medical Subject Headings (MeSH), with 14,000 items in a 
seven-level hierarchy. 

This chapter covers database query and textual-document searches 
briefly, then suggests innovative directions for multimedia-document 
searches and introduces a four-phase framework. The main contribution is a 
taxonomy of information-visualization strategies based on data types and 
user tasks. The final section explores advanced filtering methods. 

15.2 Database Query and Phrase Search in 
Textual Documents 

Searching in structured relational database systems is a well-established task 
for which the SQL language has become a widespread standard (Reisner, 1988). 
Users write queries that specify matches on attribute values, such as author, 
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date of publication, language, or publisher. Each docu1nent has values for the 
attributes, and database-1nanagement methods enable rapid retrieval even 
with millions of documents. For example, an SQL-like command 1night be 

SELECT DOCUMENT# 
FROM JOURNAL-DB 
WHERE (DATE >= 1994 AND DATE <= 1997) 

AND (LANGUAGE = ENGLISH OR FRENCH) 
AND (PUBLISHER = ASIS OR HFES OR ACM) . 

SQL has powerful features, but using it requires training (2 to 20 hours), and 
even then users make frequent errors for 1nany classes of queries (Welty, 
1985). Alternatives such as query-by-example can help users to formulate sim
pler queries, such as requesting all English-language ACM articles published 
during or after 1994: 

JOURNAL I DOCUMENT# I DATE I AUTHOR I LANGUAGE I PUBLISHER 

P._x >=1994 ENGLISH ACM 

The full set of Boolean expressions, however, is difficult to express except 
inside a special condition box. 

Form-fillin queries can substantially simplify 1nany queries, and, if the user 
interface permits, some Boolean combinations (usually a conjunction of dis
juncts (ORs) within attributes with ANDs between attributes) can be easy to 
express: 

JOURNAL DATABASE 
DOCUMENT#: 

DATE: 1994 •• 1997 
AUTHOR: 

LANGUAGE: ENGLISH, FRENCH 
PUBLISHER: ASIS, HFES, ACM 

Although SQL is a standard, many form-fillin variants for expressing rela
tional database queries have been proposed to aid novice searchers. The 
diversity is itself an impediment to easy use, but designers assume that users 
are willing to invest minutes or hours to learn each interface. This assump
tion is not valid for walk-up kiosks or for web pages offering textual-docu
lnent library searches, in which users are often invited to type keywords or 
natural-language queries in a box, and to click on a run button. This presenta
tion is meant to be appealing, but the computer's capacity for responding to 
the natural-language query is often limited to eliminating frequent terms or 
commands ("please list the documents that deal with") and searching for 
remaining words. A ranked list of documents is usually presented, and users 
must do their best in choosing relevant items from the list. 
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Plate Bl: A computer program with 4000 lines of code. The newest lines are 
in red; the oldest are in blue. The smaller browser window shows a code 
overview and detail view. (Used with permission of ATT Bell Labs, 
Naperville, IL.) 

Plate B2: Information-retrieval themescape, showing a multidimensional information 
space pressed down into a two-dimensional topological map. Some clustering of points 
can be interesting, but they carry the danger of misinterpretations of the meaning of adja
cency. (Wise et al., 1995.) (Used with permission of Battelle Pacific Northwest National 
Laboratory, Richland, WA.) 
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Plate B3: Medical version of LifeLines. Physician visits, conditions, hospitalizations, 
and medications are shown. Every ite1n in the record is seen as a line or icon in the 
overview, with color coding by doctor. Line thickness indicates severity and dosage. 
Windows on the right side show the details. (Plaisant et al., 1997.) 
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Plate B4 (a): FilmFinder showing 1500 films in a starfield display, where the location 
of each point is determined by the year of the film (x axis) and by the film's popular
ity in video store rentals (y axis). The color encodes the film type. 
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Plate B4 (b): FilmFinder after zooming in on recent popular films. When 
less than 25 films remain, the titles appear automatically. 
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Plate B4 (c): FilmFinder after selection of a single film. The info card pops 
up with details on demand. (Ahlberg and Shneiderman, 1997.) 
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Plate BS: Spotfire version of FilmFinder, which provides increased user con
trols. Users can set axes (set to length in minutes and year) and glyph attrib
utes (color is set to subject, and larger size indicates award-winning film). 
(Used with permission of IVEE Development, Goteborg, Sweden.) 
(http:/ /www.ivee.com) 

Plate B6: Telephone network traffic represented by thickness and 
color of the half-line segments between cities. (Used with permission 
of ATT Bell Labs, Naperville, IL.) 
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Although an easy-to-use interface is a good idea, if users cannot express 
their intentions or are uncertain about the 1neaning of the results, then the 
interface 1nay need ilnprove1nent. Finding a way to provide powerful search 
without overwhelrning novice users is a current challenge. Existing inter
faces often hide irn.portant aspects of the search (by poor design or to protect 
proprietary relevance-ranking sche1nes), or n1ake query specification so dif
ficult and confusing that they discourage use. Evidence fron1. en1.pirical stud
ies shows that users perfonn better and have higher subjective satisfaction 
when they can view and control the search (Koenemann and Belkin, 1996). 

An analogy to the evolution of autmnobile user interfaces might clarify 
the goals. Early competitors offered a profusion of controls, and each manu
facturer had a distinct design. Smne designs-such as having a brake pedal 
that was far fro1n the gas pedal-were dangerous. Furthennore, if you were 
accuston1ed to driving a car with the brake to the left of the gas pedal, and 
your neighbor's car had the reverse design, it 1night be risky to trade cars. It 
took a half-century to achieve good design and appropriate consistency in 
autmnobiles; let's hope that we can make the transition faster for text-search 
user interfaces. 

Improved designs and consistency across multiple systems can bring 
faster performance, reduce mistaken assumptions, and increase success in 
finding relevant items. For exmnple, with the variety of web search systems, 
such as Lycos, Infoseek, and Alta Vista, users 1night expect that the search 
string direct manipulation would produce one of th~ following: 

• Search on the exact string direct manipulation 

• Probabilistic search for direct and manipulation 

• Probabilistic search for direct and manipulation, with so1ne 
weighting if the terms are in close proximity 

• Boolean search on direct AND manipulation 

• Boolean search on direct OR manipulation 

• Error message indicating missing AND I OR operator or other 
delimiters 

In many systems, there is little or no indication regarding which interpre
tation has been chosen and whether stemming, case 1natching, stop words, 
or other transformations are being applied. Often, the results are displayed 
in a relevance-ranked manner that is a mystery to 1nany users (and some
times is a proprietary secret). 

To coordinate design practice, we might use a four-phase framework to sat
isfy the needs of first-time, intennittent, and frequent users who are access
ing a variety of textual and multimedia libraries (Shneidennan et al., 1997). 
Finding common ground will be difficult; not finding it will be tragic. 
Although early adopters of technology are willing to overcmne difficulties, 
the middle and late adopters are not so tolerant. The future of search services 
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on the World Wide Web and elsewhere n1.ay depend on the degree to which 
user frustration and confusion are reduced, while the ability to find reliably 
sought iten1.s in the surging sea of information is increased. 

The four-phase framework (Box 15.1) gives great freedorn to designers to 
offer features in an orderly and consistent 1nanner. The phases are 

1. Formulation: expressing the search 

2. Initiation of action: launching the search 

3. Review of results: reading 1nessages and outcmnes 

4. Refinement: formulating the next step 

Fonnulation includes the source of the infonnation, the fields for limiting 
the source, the phrases, and the variants. Even if technically and econmnically 
feasible, searching all libraries or collections in a library is not always the 
preferred approach. Users often prefer to limit the sources to a specific 
library, collection in a library, or subcollection range of iten1.s (users may 
choose date ranges, languages, media types, publishers, and so on). Users 
may wish to limit their search to specific fields (for exmnple, the title, abstract, 
or full text of a scientific article) of items within a collection. Typically, users 
searching on common phrases would prefer to retrieve only those docu
ments whose title contains those phrases. Sources 1nay also be restricted by 
structured fields (year of publication, volume nun1.ber, and so on). 

In textual databases, users often seek ite1ns that contain meaningful phrases 
(Civil War, Environmental Protection Agency, George 
Washington, air pollution, carbon monoxide), and multiple entry 
windows should be provided to allow for multiple phrases. Searches on 
phrases have proved to be more accurate than are searches on words. Since 
some relevant items 1nay be missed by a phrase approach, users should have 
the option to expand a search by breaking the phrases into separate words. 
Phrases also facilitate searching on names (for example, search on George 
Washington should not turn up George Bush or Washington, D.C.). If Boolean 
operations, proximity restrictions, or other combining strategies are specifiable, 
then the users should be able to express them. Users or service providers should 
have control over stop lists (common words, single letters, obscenities). 

When users are unsure of the exact value of the field (subject term, or 
spelling or capitalization of a city name), they may want to relax the search 
constraints by allowing variants to be accepted. In structured databases, the 
variants may include a wider range on a numeric attribute. In a textual-doc
ument search, interfaces should allow user control over variant capitaliza
tion (case sensitivity), stemmed versions (the keyword teach retrieves 
variant suffixes such as teacher, teaching, or teaches), partial matches (the 
keyword biology retrieves sociobiology and astrobiology), phonetic vari
ants frmn soundex methods (the keyword Johnson retrieves Jonson, Jansen, 
Johnsson), synony1ns (the keyword cancer retrieves oncology), abbrevia-. 
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Box 15.1 

Four-phase frainework to clarify user interfaces for textual search. 

1. Formulation 

- Search the appropriate sources in libraries and collections 

- Use fields for limiting the source: structured fields such as year, media1 or 
language, and text fields such as titles or abstracts of docurnents 

- Recognize phrases to allow entry of names such as George Washing
ton or Environmental Protection Agency, and concepts such 
as abortion rights reform or gallium arsenide. 

-Permit variants to allow relaxation of search constraints, such as case 
sensitivity, stemming, partial matches, phonetic variations, abbrevia
tions, or synony1ns fr01n a thesaurus. 

2. Action 

- Include explicit actions initiated by buttons with consistent labels (such 
as "Search"), location, size, and color. 

- Include implicit actions initiated by changes to a parameter of the formu
lation phase that immediately produce a new set of search results. 

3. Results 

- Read explanatory messages. 

- View textual lists. 

- Manipulate visualizations. 

Control what the size of the result set is and which fields are displayed. 

- Change sequencing (alphabetical, chronological, relevance ranked, 
etc.). 

- Explore clustering (by attribute value, topics, etc.). 

4. Refinement 

- Use meaningful messages to guide users in progressive refinementi for 
example, if the two words in a phrase are not found near each other, 
then offer easy selection of individual words or variants. 

- Make changing of search parameters convenient. 

.. Allow sear:ch results and the setting of each parameter to be saved, sent 
by email1 or used as input to other programs, such as visualization or 
statistical tools. 

·. 

tions (the keyword IBM retrieves International Business Machines, and vice 
versa), and broader or narrower terms from a thesaurus (the keyphrase New 

England retrieves Vermont, Maine, Rhode Island, New Hampshire, Massa
chusetts, and Connecticut). 
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The second phase is the initiation of action, which may be explicit or 
implicit. Most current systems have a search button for explicit initiation, or 
for delayed or regularly scheduled initiation. The button labet size, and 
color should be consistent across versions. An appealing alternative is 
implicit initiation, in which each change to a component of the formulation 
phase im1nediately produces a new set of search results. Dynamic queries-in 
which users adjust query widgets to produce continuous updates-have 
proved to be effective and satisfying. They require adequate screen space 
and rapid processing, but their advantages are great. 

The third phase is the review of results, in which the users read mes
sages, view textual lists, or manipulate visualizations. Users may be given 
control over what the size of the result set is, which fields are displayed, 
how results are sequenced (alphabetical, chronological, relevance 
ranked), and how results are clustered (by attribute value, by topics) 
(Pirolli et al., 1996). 

The fourth phase is the refinement. Search interfaces should provide mean
ingful 1nessages to explain search outcomes and to support progressive 
refinement. For example, if a stop word, obscenity, or misspelling is elimi
nated from a search input window, or if stemmed tenns, partial matches, or 
variant capitalizations are included, users should be able to see these 
changes to their query. If two words in a keyphrase are not found proxi
mally, then feedback should be given about the occurrence of the words 
individually. If multiple phrases are input, then items containing all phrases 
should be shown first and identified, followed by items containing subsets; 
but if no documents are found with all phrases, that failure should be indi
cated. There is a fairly elaborate decision tree (maybe 60 to 100 branches) of 
search outcomes and messages that needs to be specified. Another aspect of 
feedback is that, as searches are made, the system should keep track of them 
in a history buffer to allow review of earlier searches. Progressive refinement, 
in which the results of a search are refined by changing of the search para
meters, should be convenient. Search results and the settings of all parame
ters should be objects that can be saved, sent by electronic mail, or used as 
input to other progrmns-for example, for visualization or statistical tools. 

The four-phase frmnework can be applied by designers to make the 
search process more visible, c01nprehensible, and controllable by users. This 
approach is in harmony with movement toward direct manipulation, in 
which the state of the system is made visible and is placed under user con
trol. Novices may not want to see all the components of the four phases ini
tially, but, if they are unhappy with the search results, they should be able to 
view the settings and change their queries easily. A revised interface for the 
Library of Congress' THOMAS system (Fig. 15.1) shows how the framework 
might be applied to full-text searching of proposed legislation. 
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SEARCH: Ke:,.~rord I Cor~ressi.onal Record Index 
BROWSE: t:·; .... ~.iJg:re.~·-t.ii.vJi:l/./?tu.-:L<[lf Issues 'b~~ I)atelP.:t.:rt I (.}i.JJ~;:NJ ... -:c.t~i?JJ.1S.l.l?~~;t.,:.R.f .l:Jlo.>f;..:ur 

!Fields 

! Sections to seareh : 

@ All sections 0 Senate section 0 Hol..lile section 0 Extei&::ions of Re:D1i:trks 
:;_ .... ' 

! Member of Congress: 

! I [Click Hen; For a List] 

i Date: Bet'lreen 

111/1195 and j12 /31 /96 

Only tl1ose debates/speeches 'lrhere the selected men:iber 
spo:l',.,e or submitted rerrlflrl~:S for inse:rtion in the R&,~t<>''lf 
[He]Q] 

[HelP..] 

~~~';i~t;·\~::~~~~~~:Sa~~;~,~:~tered in Phrases .. E -~-~ ''join" will s~woh for "jom', "jom..r· .. "jo~", -.tc .. . 

!(medical record pri,tacyf 
....... ................................ f 

r . 

lPhrases 

j 
!
~ 

' 
i ................ ~ 

!E.g., Line iteln'v""eto, balall.()ed blJ.dget, gasoline tax, 'l'iater pollutior> [ Help_J· 
.................... 

!Entries 'l'lith tl"Je highest rele•r«nee will a.ppear first :i1\. the Jist. 
!Ma.:;:iml:&t• nur.11bex of e:CJ.tcies to dis:play: I 50 l 
\L~~~~;'_!'lV,..$ m.av sli<'ll re:iJ•OMe t~e. · 

====. 
1Action 

Figure 15.1 

A revised interface for the Library of Congress' THOMAS system. The display 
shows how the four-phase framework might be applied to text searching on Con
gressional Record articles. Implemented by Bryan Slavin at the University of Mary
land Human-Computer Interaction Laboratory. (Shneiderman et al., 1997.) 

Multimedia Document Searches 

' 

Interfaces to search structured databases and textual-document libraries are 
good and getting better, but searching in multimedia document libraries is 
still in a primitive stage. Current approaches to locating images, videos, 
sound, or animation depend on a parallel database or docu:tnent search to 

·locate the items. For example, searches in photo libraries can be done by 
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date, photographer, mediu1n, location, or text in captions, but finding photos 
showing a ribbon-cutting ceremony or videos of a sunset is difficult. In the 
near term, those people who must search multimedia documents should 
push for ambitious captioning and attribute recording. Classification accord
ing to useful search categories (agriculture, music, sports, personalities) is 
helpful, although costly and imperfect. 

Recent advances in computer algorithms may enable greater flexibility in 
locating ite1ns iri multimedia libraries. User-interface designs to specify the per
missible matches are varied. Some systems have elaborate textual commands, 
but 1nost are moving toward graphical specification of query components: 

• Photo search Finding photos with images such as the Statue of Liberty 
is a substantial challenge for image-analysis researchers, who describe 
this task as query by image content (QBIC). Lady Liberty's distinctive 
profile might be identifiable if the orientation, lens focal length, and 
lighting were held constant, but the general problem is difficult in large 
and diverse collections of photos. Two promising approaches are to 
search for distinctive features such as the torch or the seven spikes in 
the crown, or to search for distinctive colors, such as the faded green 
copper verdigris. Users can specify features or color patterns with stan
dard drawing tools, and even can indicate where in the image to 
search. For example, users could specify red, white, and blue in the 
upper third of an ilnage to look for an American flag flying above a 
building. Of course, separating out the British, French, or other flags is 
not easy. 

More success is attainable with restricted collections, such as of glass 
vases, for which users could draw a desired profile and retrieve vases 
with long narrow necks. Other candidate collections include photos of 
constellations, subatomic particle tracks, or red blood cells. Users could 
specify their requests by selecting from a set of templates and adjusting 
the templates to describe their query. For critical applications, such as 
fingerprint matching, current successes depend on human identifica
tion of as many as 20 distinct features, but automatic recognition is 
improving. Even if completely automatic recognition is not possible, it 
will still be useful to have computers perform filtering, such as finding 
all the portraits with neutral backgrounds in a photo library. 

• Map search Computer-generated maps are increasingly available 
online. Locating a map by latitude and longitude is the structured
database solution, but search by features is becoming possible because 
the tools used to build maps preserve the structural aspects and the 
multiple layers in maps. For example, users might specify a search for 
all port cities with a population greater than 1 million and an airport 
within 10 miles. Search on simpler maps such as airline routes might 
find flights to a given destination with no more than two connections 
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on the smne airline. Another candidate is weather 1naps, in which 
structured data-such as temperature, winds, or barmnetric pressure
Inake the search specification convenient. 

• Design or diagram search Smne cmnputer-assisted design packages 
offer users limited search capabilities within a single design or across 
design collections. Finding red circles inside blue squares may help in 
son1.e cases, but n1.ore elaborate strategies for finding engine designs 
with pistons s1naller than 6 centilneters could prove 1nore beneficial. 
Diagrarn1ning tools for 1naking flowcharts or organization charts can 
add search capabilities to locate organizations that have more than five 
levels of managen1.ent or situations where vice presidents are managing 
more than seven projects. Newspaper-layout packages could allow 
search for all occasions of headlines using fonts larger than 48 points, or 
headlines that span the front page. 

• Sound search Imagine a music database syste1n that would respond 
when users hu1n a few notes by producing a list of symphonies that con
tain that string of notes. Then, with a single touch, users could listen to the 
full symphony. Implanenting this idea in the unstructured world of ana
log-encoded or even digitally encoded music is difficult, but imagine that 
the score sheets of symphonies were stored with the n1.usic and that string 
search over the score sheets was possible. Then, the application becomes 
easier to conceive. Identification of the users' hu1nmed input 1night not be 
reliable, but if visual feedback were provided or if users entered the notes 
on a staff, then the fantasy would becmne feasible. Finding a spoken word 
or phrase in databases of telephone conversations is still difficult, but is 
becoming possible, even on a speaker-independent basis. 

• Video search Searching a video or film involves more than simply 
searching through each of the frames. Users may wish to have a video 
segmented into scenes or cuts, and to identify zoon1.ing in or out and 
panning left or right. Gaining an overview of a 2-hour video by a time 
line of scenes would enable better understanding, editing, or selection. 
Combinations of structured databases and textual documents with 
video libraries lead to powerful services. Television news or sports 
libraries maintain structured databases and textual documents to sup
port search for presidential appearances, disasters, or football high
lights, carefully indexed for rapid future retrieval. 

• Animation search Animation-authoring tools are still in early stages of 
development, but it might be possible to specify searches for certain 
kinds of animation-for exarnple, spinning globes, n1oving banners, 
bouncing balls, or morphing faces. Although it m.ight be less useful, it 
should be relatively easy to search for slides in a presentation that have 
moving text that comes in fro1n the left, or in which the transition from 
one slide to another is by a barndoor animation. 
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15.4 Information Visualization 

Grasping the whole is a gigantic theme. Arguably, intellectual history's nwst inl.por
tant. Ant-vision is humanity's usual fate; but seeing the whole is every thinking per
son's aspiration. 

David Gelernter, Mirror Worlds, 1992 

Visualization is a method of computing. It transfonns the syn1.bolic into the geomet
ric, enabling researchers to observe their silnulations and c01nputations. Visualiza
tion offers a method for seeing the unseen. It enriches the process of scientific 
discovery and fosters profound and unexpected insights. In many fields it is already 
revolutionizing the way scientists do science. 

McCormick et al., 1987 

The success of direct-1nanipulation interfaces is indicative of the power of 
using computers in a m.ore visual or graphic manner. A picture is often said to 
be worth a thousand words and, for some tasks, a visual presentation-such 
as a map or photograph-is dramatically easier to use or comprehend than is 
a textual description or a spoken report. As cmnputer speeds and display res
olution increase, information visualization and graphical interfaces are likely 
to have an expanding role. If a 1nap of the United States is displayed, then it 
should be possible to point rapidly at one of 1000 cities to get tourist informa
tion. Of course, a foreigner who knows a city's name (for example, New 
Orleans), but does not know its location, may do better with a scrolling alpha
betical list. Visual displays becmne even more attractive to provide orienta
tion or context, to enable selection of regions, and to provide dynamic 
feedback for identifying changes (for example, on a weather map). Scientific 
visualization has the power to make visible and comprehensible atomic, cos
mic, and common three-dimensional phenomena (such as heat conduction in 
engines, airflow over wings, or ozone holes). Abstract-information visualiza
tion has the power to reveal patterns, clusters, gaps, or outliers in statistical 
data, stock-market trades, computer directories, or document collections. 

Overall, the bandwidth of information presentation is potentially higher in 
the visual domain than it is for media reaching any of the other senses. 
Humans have remarkable perceptual abilities that are greatly underutilized in 
current designs. Users can scan, recognize, and recall images rapidly, and can 
detect subtle changes in size, color, shape, move1nent, or texture. They can 
point to a single pixel, even in a megapixel display, and can drag one object to 
another to perform an action. User interfaces thus far have been largely text 
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oriented, so as visual approaches are explored, appealing new opportunities 
are en1.erging. 

There are Inany visual design guidelines. The central principle might be 
surnn1.arized as this visual-information-seeking mantra: 

Overview first, zoom and filter, then details on dernand 
Overview first, zomn and filter, then details on dernand 
Overview first, zoon1. and filter, then details on demand 
Overview first, zoon1. and filter, then details on den1.and 
Overview first, zoon1. and filter, then details on demand 
Overview first, zoon1. and filter, then details on dernand 
Overview first, zomn and filter, then details on dernand 
Overview first, zoon1. and filter, then details on dernand 
Overview first, zoorn and filter, then details on de1nand 
Overview first, zoon1. and filter, then details on den1.and 
Overview first, zomn and filter, then details on de1nand 
Overview first, zoom and filter, then details on dernand 

Each line represents one project in which I found myself rediscovering 
this principle and therefore wrote it down as a re1ninder. The 1nantra 
proved to be a good starting point when I was trying to characterize the 
1nultiple information-visualization innovations occurring at university, 
govern1nent, and industry research laboratories. To sort out the nurnerous 
prototypes and to guide researchers to new opportunities, Box 15.2 gives a 
data type by task taxonomy (TTT) of infonnation visualizations. 

As in the case of search, users are assumed to be viewing collections of 
ite1ns, where iten1.s have 1nultiple attributes. In all seven data types (one-, 
two-, three-dilnensional data; te1nporal and multi-diinensional data; and 
tree and network data) the ite1ns have one or 1nore attributes. A basic search 
task is to select all ite1ns that match target attributes-for exmnple, find all 
divisions in an cmnpany that have a budget greater than $500,000. 

The data types of the TTT characterize the task-domain information 
objects and are organized by the proble1ns that users are trying to solve. 
For example, in two-dimensional information such as maps, users are try
ing to grasp adjacency or to navigate paths, whereas in tree-structured 
information, users are trying to understand parent-child-sibling relation
ships. The tasks in the TTT are task-domain information actions that users 
wish to perform. 

The seven tasks are at a high level of abstraction. Refinements and addi
tions to these tasks would be natural next steps in expanding this taxonomy. 
The seven tasks are overview, zoom, filter, details-on-demand, relate, history, 
extract. Further discussion of the seven tasks follows the descriptions of the 
seven data types. 
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Box 15.2 

Data Type by Task Taxonon<y (TTT) to identify visualization data types and the 
tasks that need to be supported. 

Data Type by Task Taxonomy (TTT) 

Data Types 
1-D Linear 

2-DMap 

3-D World 

Temporal 

Multi-Dimensional 

Tree 

Network 

Tasks 
Overview 
Zoom 
Filter 
Details-on-demand 

Relate 
History 

Extract 

1-D Linear Data 

Document Lens, SeeSoft 
Information Mural 

GIS, Arcinfo, ThemeMap 
LyberWorld, InfoCrystal 
Desktops, WebBook, VRML 
CAD, Medical, Molecules 
Perspective Wall, ESDA 
MSProjects, LifeLines 
Parallel Coordinates, Starfield, Visage 
Influence Explorer, TableLens 
Outliners, Superbook, FileManager 
Cone/Cam/Hyperbolic, TreeBrowser, Treemaps 
Netmap, SemNet, SeeNet, Butterfly 

Gain an overview of the entire collection. 
Zoom in on items of interest. 
Filter out uninteresting items. 
Select an item or group and get details when 
needed. 
View relationships among items. 
Keep a history of actions to support undo, replay, 
and progressive refinement. 
Allow extraction of subcollections and of the 
query parameters. 

Linear data types include textual documents, program source code, and 
alphabetical lists of names, all of which are all organized in a sequential 
manner. Each item in the collection is a line of text containing a string of 
characters. Additional attributes might be the date of most recent update 
or author name. Interface-design issues include what fonts, color, size to 
use, and what overview, scrolling, or selection methods can be used. User 
tasks might be to find the number of items, to see items having certain 
attributes (show only lines of a document that are section titles, lines of a 
progra1n that were changed from the previous version, or people in a list 
who are older than 21 years), or to see an item with all its attributes. 
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An early approach to dealing with large one-dimensional data sets was 
the bifocal display, which provided detailed information in the focus area 
and less information in the surrounding context area (Spence and Apper
ley, 1982). A selected issue of a scientific journal had details about each 
article; the older and newer issues of the journal were to the left and right 
on the bookshelf with decreasing space. Another effort to visualize one
dimensional data showed the attribute values of thousands of items in a 
fixed-sized space using a scrollbar-like display called value bars (Fig. 15.2) 
(Chimera, 1992). Even greater compressions were acc01nplished in c01n
pact displays of tens of thousands of lines of program source code in See 
Soft (Color Plate B1) (Eick et al., 1992) or lines in Hamlet (Fig. 15.3). Other 
examples of one-dilnensional data include large textual docu1nents in 
Document Lens (Fig. 15.4) (Robertson and Mackinlay, 1993) and historical 
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Figure 15.2 

Each value bar shows one attribute of the linear list of items. In this Unix directory 
example, the two value bars on the right represent the file size (S) and file modifica
tion recency, or youth (Y). The currently selected file is one of the biggest in size and 
is moderately youthful. (Chimera, 1992.) 
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E TRAGEDY OF HAMLET, PRINCE OF DENMARK 
Williatn Shakespeare 

aaudius, King of Denmark. 
Marcellus, Officer. 
Hamlet, son to the fom1er, 

atld nephe\•1 to the present king 
Polonius' lord aumlberlain 
Hora.tio, friend to Han11et 
laertes, son to Polonius 
Voltemand, courtier 
Cornelius, courtier 
Rosencrantz,courtier 

Figure 15.3 

Shakespeare's Hamlet, viewed with a one-dimensional overview on the right side 
showing where three users are reading the document. Each person's field-of-view 
box shows their location. This user is at the start. (Used with permission of the Uni
versity of Calgary, Alberta, Canada.) 

data about sunspots using the information-1nural algorithms (Fig. 15.5) 
(Jerding and Stasko, 1995). 

2-D Map data 

Planar or map data include geographic maps, floorplans, and newspaper 
layouts. Each item in the collection covers s01ne part of the total area and 
may or may not be rectangular. Each item has task-domain attributes, 
such as name, owner, and value, and interface-domain features, such as 
size, color, and opacity. Many systems adopt a multiple-layer approach to 
dealing with map data, but each layer is two-dimensional. User tasks are 
to find adjacent items, containing ite1ns and paths between items, and to 
perform the seven basic tasks. 

Examples include geographic-information systems, which are a 
large research and commercial domairi (Laurini and Thompson, 1992; 
Egenhofer and Richards, 1993) with numerous systems available (see 
Fig. 6.5). Information-visualization researchers have used spatial dis-· 
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Figure 15.4 

Document Lens showing many pages of a document in m.iniature form. Users can 
zoom in on any page easily and quickly. (Used with permission from Xerox PARC, 
Palo Alto, CA.) 

Figure 15.5 

The information-mural overview at the bottom uses an antialiasing algorithm to 
show 52,000 readings of sun spots from 1850 to 1993. The field-of-view box at the 
bottom shows the context for the detail view on top. (Jerding & Stasko, 1995.) (Used 
with permission of Georgia Tech University, Atlanta, GA.) 
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plays of document collections (Color Plate B2) (Korfhage, 1991; 
Hemmje et al., 1993; Wise et al., 1995) organized proximally by term 
co-occurrences. 

3-D World 

Real-world objects such as 1nolecules, the human body, and buildings have 
items with volume and with potentially complex relationships with other 
items. Cmnputer-assisted design systems for architects, solid 1nodelers, 
and mechanical engineers are built to handle cmnplex three-dimensional 
relationships. Users' tasks deal with adjacency plus above-below and 
inside-outside relationships, as well as the seven basic tasks. In three
dimensional applications, users 1nust cope with their position and orienta
tion when viewing the objects, plus must handle the serious problems of 
occlusion. Solutions are proposed in many prototypes with techniques such 
as overviews, land1narks, perspective, stereo display, transparency, and 
color coding. 

Examples of three-dimensional con1puter graphics and cmnputer
assisted design are numerous, but infonnation-visualization work in three 
dilnensions is still novel. Some virtual-environment researchers have 
sought to present information in three-dilnensional structures (see Section 
6.8). Navigating high-resolution images of the human body is the challenge 
in the National Library of Medicine's Visible Hun1an project (Fig. 15.6) 
(North et al., 1996). Architectural walkthroughs or flythroughs can give 
users an idea of what a finished building will look like. A three-dimensional 
desktop is thought to be appealing to users, but disorientation, navigation, 
and hidden data problems remain (Fig. 15.7) (Card et al., 1996). 

Temporal data 

Time lines are widely used and are sufficiently vital for 1nedical records, 
project management, or historical presentations that researchers have cre
ated a data type that is separate from one-dimensional data. The distinc
tions of temporal data are that items have a start and finish time, and that 
items may overlap. Frequent tasks include finding all events before, after, 
or during some time period or moment, plus the seven basic tasks. 

Many project-management tools exist; novel visualizations of time 
include the perspective wall (Fig. 15.8) (Robertson et al., 1993) and Life
Lines (see Fig. 1.5 and Color Plate B3) (Plaisant et al., 1996). LifeLines 
shows a youth's history keyed to the needs of the Maryland Department 
of Juvenile Justice, but is intended to present medical patient histories as a 
compact overview with selectable items that allow users to get details-on
demand. Temporal-data visualizations appear in systems for editing 
video data, cmnposing music, or preparing animations, such as Macrome
dia Director. 
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Figure 15.6 

Visible Human Explorer user interface, showing a reconstructed coronal section 
overview (on the left) and an axial preview image of the upper abdominal region 
(on the upper right). Dragging the sliders animates the cross-sections through the 
body. (North et al., 1996.) (Available at http:/ /www.nlm.nih.gov) 

Multidimensional data 

Most relational- and statistical-database contents are conveniently manip
ulated as multidimensional data, in which items with n attributes becmne 
points in a n-di1nensional space. The interface representation can be 
dynamic two-dimensional scattergrams, with each additional di1nension 
controlled by a slider (Ahlberg and Shneidennan, 1994). Buttons can used 
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Figure 15.7 

WebBook and WebForager. These three-dimensional worlds are used for browsing 
and recording web pages. (Used with permission from Xerox PARC, Palo Alto, CA.) 

for attribute values when the cardinality is s1nall-say, less than 10. Tasks 
include finding patterns, clusters, correlations among pairs of variables, 
gaps, and outliers. Multidimensional data can be represented by a three
dilnensional scattergrmn, but disorientation (especially if the user's point 
of view is from inside the cluster of points) and occlusion (especially if 
close points are represented as being larger) can be problems. The tech
nique of using parallel coordinates (Fig. 15.9) is a clever innovation that 
makes certain tasks easier, but takes practice for users to comprehend 
(Inselberg, 1985). 

The early HomeFinder (Fig. 15.10) developed dynamic queries and 
sliders for user-controlled visualization of multidimensional data 
(Williamson and Shneiderman, 1992). The successor FilmFinder (Color 
Plate B4a-c) refined the techniques (Ahlberg and Shneiderman, 1994) for 
starfield displays (zo01nable, color-coded, user-controlled scattergrams), 
and laid the basis for the commercial product Spotfire (Color Plate B5) 
(Ahlberg and Wistrand, 1995). Extrapolations include the Aggregate 
Manipulator (Goldstein and Roth, 1994), movable filters (Fishkin and 
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Figure 15.8 

A perspective wall, showing time moving from left to right, with the focus in the 
center. Different categories of programs are shown on each level of the wall. Color or 
size coding can be used. (Used with permission from Xerox PARC, Palo Alto, CA.) 

Stone, 1995), and Selective Dynamic Manipulation (Chuah et al., 1995). 
Related works include VisDB for multidimensional database visualization 
(Keim and Kreigal, 1994), the spreadsheet-like Table Lens (Fig. 15.11) (Rao 
and Card, 1994), and the 1nultiple linked histograms in the Influence 
Explorer (Tweedie et al., 1996). 

Tree data 

Hierarchies or tree structures are collections of items, in which each 
item (except the root) has a link to one parent item. Ite1ns and the links 
between parent and child can have multiple attributes. The basic tasks 
can be applied to items and links, and tasks related to structural prop
erties become interesting-for example, how many levels are in the 
tree, or how many children does an item have? While it is possible to 
have similar items at leaves and internal nodes, it is also common to 
find different items at each level in a tree. Fixed-level trees, with all 
leaves equidistant from the root, and fixed-fanout trees, with the same 
number of children for every parent, are easier to handle. High-fanout 
(broad) and s1nall-fanout (deep) trees are important special cases. Inter-
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Figure 15.9 

Parallel coordinate plot of seven dimensions of automobile data (CARS dataset 
obtained from StatLib at Carnegie Mellon University). There is a range of MPG 
(miles per gallon) values, but clear clusters of two-, four-, and six-cylinder cars are 
visible. More cylinders generally produce higher horsepower. Also notable is the 
generally inverse relationship of weight to acceleration. (Used with permission of 
Matt Ward, Worcester Polytechnic Institute, Worcester, MA.) 

face representations of trees can use the outline style of indented labels 
used in tables of contents (Chi1nera and Shneiderman, 1993); a node
and-link diagram; or a treemap, in which child items are rectangles 
nested inside parent rectangles. 

Tree-structured data has long been displayed with indented outlines 
(Egan et al., 1989), or with connecting lines, as in many computer-direc
tory file managers. Attempts to show large tree structures as node-·and
link diagrams in compact forms include the three-dimensional cone (Fig. 
15.12) and cam trees (Robertson et al., 1993; Carriere and Kazman, 1995): 
dynamic pruning in the TreeBrowser (Fig. 15.13) (Kumar et al., 1997), and 
the appealingly animated hyperbolic trees (Fig. 15.14) (Lamping et al., 
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The ~ellow .do~s above are hoMes in ~he OC area ~or sale. 
You Ma~ get More inforMation on a hoMe b~ selec~ing it. 
You Ma~ drag the 'A' and 'B' dis~ance Harkers to ~our 
office or an~ other location you want ~o live near. 
Selec~ distances~ bedrooMs_ and cost ranges by 
dragging the corresPonding slider boxes on the righ~. 
Select specific hoMe t~pes and services b~ pressing 
the labeled bu~tons on the right. 

Figure 15.10 
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Dynamic HomeFinder, an early application of dynamic queries. Homes for sale in 
the Washington, D.C., area were shown as 1100 points of light. As users moved the 
sliders on the right, the screen was updated immediately to show the points match
ing the current query. By clicking on any point, users could get a detailed descrip
tion. (Williamson and Shneiderman, 1992.) 

1995). The space-filling mosaic approach, treemaps, shows an arbitrary
sized tree in a fixed rectangular space (Shneiderman, 1992; Johnson and 
Shneiderman, 1991). The treemap approach was applied successfully to 
libraries (Fig. 15.15), computer directories (Fig. 15.16), sales data, business 
decision making (Asahi et al., 1995), and web browsing (Mitchell et al., 
1995; Mukherjea et al., 1995), but first-time users take 10 to 20 minutes to 
accommodate to treemaps. 

Network data 

Sometimes, relationships among items cannot be captured conveniently 
with a tree structure, and it is useful to have items linked to an arbitrary 
number of other items. Although many special cases of networks exist 
(acyclic, lattices, rooted versus unrooted, directed versus undirected), it is 
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Figure 15.11 

Table Lens, a program that provided a spreadsheetlike world that also supported 
information-visualization methods to find rankings and correlations among baseball 
players. (Used with permission from Xerox PARC, Palo Alto, CA.) 

convenient to consider them all as one data type. In addition to perform
ing the basic tasks applied to items and links, network users often want to 
know about shortest or least costly paths connecting two items or travers
ing the entire network. Interface representations include a node-and-link 
diagram, and a square matrix of the items with the value of a link attribute 
in the row and column representing a link. 

Network visualization is an old but still imperfect art because of the 
complexity of relationships and user tasks. Commercial packages can 
handle small networks or simple strategies, such as Netmap's layout of 
nodes on a circle with links criss-crossing the central area. Specialized 
visualizations can be designed to be more effective for a given task, such 
as a network diagram showing heavy telephone traffic on holidays (Color 
Plate B6). An ambitious three-dimensional approach allowed users to fly 
into a network and control the visualization (Fairchild et al., 1988). New 
interest in this topic has been spawned by attempts to visualize the World 
Wide Web (Andrews, 1995; Hendley et al., 1995). 

The seven data types that we have discussed reflect an abstraction of 
the reality. There are many variations on these themes (two-and-one-half 
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Figure 15.12 

Can1.-tree design, showing a hierarchical directory from left to right side. Users can 
rotate the trees smoothly in this three-dilnensional viewer. When the root of the tree 
is shown at the top, this representation is called a cone-tree. (Used with permission 
from Xerox PARC, Palo Alto, CA.) 

or four-dimensional data, multitrees) and many prototypes use combina
tions of these data types. This taxonomy is useful only if it facilitates dis
cussion and leads to useful discoveries. We can get an idea of missed 
opportunities by looking at the tasks and data types in depth. 

Overview task 

We can gain an overview of the entire collection. Overview strategies (Sec
tion 13.5) include zoomed-out views of each data type that allow the user 
to see the entire collection plus an adjoining detail view. The overview 
contains a movable field-of-view box with which the user controls the 
contents of the detail view, allowing zoom factors of 3 to 30. Replication of 
this strategy with intermediate views enables users to reach larger zoom 
factors. Another popular approach is the fisheye strategy (Furnas, 1986), 
which has been applied most commonly for network browsing (Fig. 

0558



536 15 Information Search and Visualization 

Figure 15.13 

PDQ TreeBrowser, which supports pruning of nodes at every level of a tree. A user 
has pruned an 1100-node tree of a satellite network, using dynamic query sliders at 
four levels; only nine possible ports (leaf nodes) remain in the result set. (Kumar et 
al., 1997) 

15.17) (Sarkar and Brown, 1994; Bartram et al., 1995; Schaffer et al., 1996). 
The fisheye distortion magnifies one or more areas of the display, but 
zoom factors in prototypes are limited to about 5. Although query-lan
guage facilities made it difficult to gain an overview of a collection, infor
mation-visualization interfaces support some overview strategy-or 
should do so. Adequate overview strategies are a useful criterion to judge 
such interfaces. In addition, look for navigation tools to pan or scroll 
through the collection. 

Zoom task 

We can zoom in on items of interest. Users typically have an interest in 
some portion of a collection, and they need tools to enable them to control 
the zoom focus and the zoom factor. Smooth zooming helps users to pre-
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Document Company, Xerox 638-- 653 

Figure 15.14 

A hyperbolic tree browser that allows 10 to 30 nodes near the center to be seen 
clearly; branches are reduced gradually as they get closer to the periphery. This dis
play technique guarantees that large trees can be accommodated in a fixed screen 
size. As the focus is shifted among nodes, the display updates smoothly, producing a 
satisfying animation. Landmarks or other features can be introduced to reduce the 
disorienting effect of movement (Lamping, Rao et al., 1995). (Used with permission 
of InXight Software, Palo Alto, CA.) 

serve their sense of position and context (Schaffer et al., 1996). A user can 
zoom on one dimension at a time by moving the zoombar controls or by 
adjusting the size of the field-of-view box. A satisfying way to zoom in is 
to point to a location and to issue a zooming command, usually by hold
ing down a mouse button (Bederson and Hollan, 1993). Zooming in one 
dimension has proved useful in starfield displays (Jog and Shneiderman, 
1995). 
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[X. Show node names 

Figure 15.15 

The first three levels of the Dewey Decimal Systern shown as a treemap in which 
size indicates the number of books held in each of the 1000 categories. Color indi
cates frequency of utilization, with darker indicating high utilization (hot) and 
lighter indicating low utilization. Implemented by Marko Teittinen at the University 
of Maryland Human-Computer Interaction Laboratory. 

Filter task 

We can filter out uninteresting ite1ns. Dynamic queries applied to the 
items in the collection constitute one of the key ideas in inforni.ation visu
alization (Ahlberg et al., 1992; Willia1nson and Shneidennan, 1992; Kumar 
et al., 1997). When users control the contents of the display, they can 
quickly focus on their interests by eliminating unwanted items. Sliders, 
buttons, or other control widgets coupled to rapid (less than 100 millisec
onds) display update is the goal, even when there are tens of thousands of 
displayed ite1ns. 

Details-on-demand task 

We can select an ite1n or group to get details. Once a collection has been 
trimmed to a few dozen ite1ns, it should be easy to browse the details 
about the group or individual items. The usual approach is to simply click 
on an item to get a pop-up window with values of each of the attributes. 
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Figure 15.16 

Winsurfer treen1.ap that shows the 4900 files at several levels on a hard disk. Area is 
set to be proportional to file size and color to file type. Moving the cursor over an 
area produces an iminediate display of attribute values on the bottom. Developed 
by Marko Teittinen at the University of Maryland Human-Computer Interaction 
Laboratory. 

In Spotfire (Color Plate B5), the details-on-demand window can contain 
HTML text with links to further information. 

Relate task 

We can view relationships among items. In the FilmFinder details-on
demand window (Ahlberg and Shneidennan, 1994), users could select an 
attribute, such as the film's director, and cause the director alphaslider to 
be reset to the director's name, thereby displaying only fihns by that 
director. Silnilarly, in SDM (Chuah et al., 1995), users can select an item 
and then highlight items with silnilar attributes. In LifeLines (Color Plate 
B3) (Plaisant et al., 1996), users can click on a medication and see the 
related visit report, prescriptions, and laboratory test results. Designing 
user-interface actions to specify which relationship is to be manifested is 
still a challenge. The Influence Explorer (Tweedie et al., 1996) emphasizes 
exploration of relationships among attributes. The Table Lens (Fig. 15.11) 
emphasizes finding correlations am.ong pairs of numerical attributes (Rao 
and Card, 1994). 
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Figure 15.17 

A fisheye view or variable zoorning on a hierarchical network diagram. These tech
niques can help to focus attention on details while preserving context. (a) A central 
node has been selected for zooming. (b) The node is expanded by a zoom factor of 3, 
exposing five nodes at the next level. (Schaffer et al., 1996.) 

History task 

We can keep a history of actions to support undo, replay, and progressive 
refinement. It is rare that a single user action produces the desired out
colne. Information exploration is inherently a process with many steps, so 
keeping the history of actions and allowing users to retrace their steps is 
important. However, most prototypes fail to deal with this require1nent. 
Maybe they are reflecting the current state of GUis, but designers would 
do better to model information-retrieval systems, which typically preserve 
the sequence of searches so that these searches can be cmnbined or refined. 

Extract task 

We can allow extraction of subcollections and of the query parameters. 
Once users have obtained the item or set of items that they desire, it 
would be useful for them to be able to extract that set and to save it to a file 
in a format that would facilitate other uses, such as sending by electronic 
mail, printing, graphing, or insertion into a statistical or presentation 
package. As an alternative to saving the set, they might want to save, 
send, or print the settings for the control widgets. Few prototypes support 
such actions, although Roth's recent work on Visage provides an elegant 
capability to extract sets of items and simply drag-and-drop the1n into the 
next application window (Roth et al., 1996). 

The attraction of visual displays, when compared to textual displays, is 
that they make use of the remarkable human perceptual ability for visual 
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information. Within visual displays, there are opportunities for showing 
relationships by proximity, by containment, by connected lines, or by color 
coding. Highlighting techniques (for example, boldface text or brightening, 
inverse video, blinking, underscoring, or boxing) can be used to draw atten
tion to certain items in a field of thousands of items. Pointing to a visual dis
play can allow rapid selection, and feedback is apparent. The eye, the hand, 
and the mind seem to work smoothly and rapidly as users perfonn actions 
on visual displays. 

15.5 Advanced Filtering 

Users have highly varied needs for filtering features. The dynam.ic-queries 
approach of adjusting numeric range sliders, alphasliders for nan1.es or cate
gories, or buttons for small sets of categories is appealing to many users for 
many tasks (Shneiderman, 1994). Dynamic queries might be called direct
manipulation queries, since they share the same concepts of visual display of 
actions (the sliders or buttons) and objects (the query results in the task
domain display); the use of rapid, incremental, and reversible actions; and the 
hnmediate display of feedback (less than 100 milliseconds). Additional bene
fits are the prevention of syntax errors and an encouragement of exploration. 

Dynamic queries can reveal global properties, as well as assist users in 
answering specific questions. As the database grows, it is more difficult to 
update the display fast enough, and specialized data structures or parallel 
computation is required. Dynamic queries have attracted attention, although 
many user-interface problems remain; for example, we need to discover how 
to perform these tasks: 

• Select a set of sliders from a large set of attributes. 

• Specify greater than, less than, or greater than and less than. 

• Deal with Boolean combinations of slider settings. 

• Choose among highlighting by color, by points or light, by regions, by 
blinking, and so on. 

• Cope with tens of thousands of points. 

• Permit weighting of criteria. 

The dynamic-query approach to the chemical table of elements was tested 
in an empirical comparison with a form-fillin query interface (Ahlberg et al., 
1991). The counterbalanced-ordering within-subjects design with 18 chem
istry students showed strong advantages for the dynamic queries, in terms 

· of faster performance and lower error rates (Ahlberg et al., 1991). 
Commercial information-retrieval systems, such as DIALOG or First

Search, permit complex Boolean expressions with parentheses, but their 
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widespread adoption has been inhibited by their difficulty of use. Num_erous 
proposals have been put forward to reduce the burden of specifying complex 
Boolean expressions (Reisner, 1988). Part of the confusion stems from infor
mal English usage, in which a query such as "List all ernployees who live in 
New York and Boston" usually would result in an empty list because the 
"and" would be interpreted as an intersection; only ernployees who live in 
both cities would qualify! In English, "and" usually expands the options; in 
Boolean expressions, AND is used to narrow a set to the intersection of two 
others. Similarly, in the English "I'd like Russian or Italian salad dressing," 
the "or" is exclusive, indicating that you want one or the other but not both; 
in Boolean expressions, an OR is inclusive, and is used to expand a set. 

The desire for full Boolean expressions, including nested parentheses and 
NOT operators, has led to novel rnetaphors for query specification. Venn 
diagrams (Michard, 1982) and decision tables (Greene et al., 1990) have been 
used, but these representations becmne clumsy as query complexity increases. 
To support arbitrarily cmnplex Boolean expressions with a graphical specifica
tion, we applied the rnetaphor of water flowing from left to right through a 
series of filters, where each filter lets through only the appropriate docmnents, 
and the flow paths indicate AND or OR (Young and Shneiderman, 1993). 

In this filter-flow rnodel, ANDs are shown as a linear sequence of filters, 
suggesting the successive application of required criteria. As the flow passes 
through each filter, it is reduced, and the visual feedback shows a narrower 
stream of water. In Fig. 15.18(a) a journal database containing 6741 articles 
passes through the Date filter, about one-half of the articles satisfy the Date 
requirements of 94 to 97 (years 1994 to 1997). Only about one quarter of those 
articles pass through the Language filter, which selects English OR French. 
Users can also specify ORs across attributes, by putting filters in parallel 
flow paths (Fig. 15.18b). When the parallel flow paths converge, the width 
reflects the size of the union of the document sets. 

Negation is handled by a NOT operator that, when selected, inverts all 
currently selected items in a filter (Fig. 15.18b). In the example, NOT 91 
allows about 80 percent of the articles to pass the Date filter. Clusters of fil
ters and flow paths (with one ingoing and one outgoing flow) can be made 
into a single labeled filter. Creation of clusters ensures that the full query can 
be shown on the display at once, and allows named clusters to be saved in a 
library for later reuse. 

The filter-flow approach has been shown to help novices and intermittent 
users to specify complex Boolean expressions and to learn Boolean concepts. 
A usability study was conducted with 20 subjects who had had little experi
ence using Boolean algebra. The prototype filter-flow interface was preferred 
over textual interface by all 20 subjects, and statistically significant advan
tages emerged on comprehension and composition tasks. 

Another form of filtering is to apply a user-constructed set of keywords to 
dynamically generated information, such as incoming electronic-mail mes-

0565



rgo 
91 
92 

Journal 93 
Database: ~ 94 

6741 
articles 95 

96 
97 
98 

94 to 97 

(a) 

90 
91 
92 

Journal 93 
Database: ~ 94 6741 
articles 95 

96 
97 
98 

NOT91 

(b) 

Figure 15.18 

~ 

15.5 Advanced Filtering 543 

English 
French h. 

German .. 
Russian 
Spanish 

English OR French 

ACM OR ASIS OR HFES 

AAAS 
ACM 

~ APA 
A SIS - HFES 

- English 
French 

~ German 
Russian 
Spanish 

English OR French 

Result set 
868 

articles 

~ 
Result set 

1332 
articles 

(a) Filter-flow model for the query (Date between 94 to 97) AND (Language is 
English OR French). 
(b) Filter-flow model for query (Date NOT 91) AND (Publisher is ACM OR ASIS 
OR HFES) OR (Language is English OR French)). 

sages, newspaper stories, or scientific journal articles (Belkin and Croft, 
1992). The users create and store their profiles, which are evaluated each 
time that a new document appears. Users can be notified by electronic mail 
that a relevant document has appeared, or the results can be simply 
collected into a file until the users seek them out. These approaches are a 
modern version of traditional information-retrieval strategy called selective 
dissemination of information (SDI), which was used in the earliest days of 
magnetic-tape distribution of document collections. Elaborate strategies for 
using the user-supplied set of keywords include latent semantic indexing, 
use of thesauri for find narrower or broader terms, and natural-language 
parsing techniques (Foltz and Dumais, 1992). Use of these strategies and 
term-frequency data can produce relevance rankings of retrieved documents 

·that are appealing to many users and are successful in increasing the recall 
and precision of searches. A series of text-retrieval conferences (TREC) 
organized by Donna Harman at the National Institute for Standards and 
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Technology (http: I I potomac.ncsl.nist.gov ITREC) has allowed developers 
of research and commercial products to compare their strategies against a 
large test collection of textual documents. 

A social form of filtering is collaborative filtering, in which groups of users 
cmnbine their evaluations to help one another find interesting items in a large 
docu1nent collection (Resnick et al., 1994). Each user rates documents in terms of 
their interest. Then, the system can suggest unread articles that are close to the 
user's interests, as determined by matches with other people's interests. This 
method can also be applied to movies, music, restaurants, and so on. For exam
ple, if you rate six restaurants high, the algorith1ns will provide you with other 
restaurants that were rated high by people who liked your six restaurants. This 
strategy has an inherent appeal, and dozens of systems have been built for orga
nizational databases, news files, 1nusic groups, and World Wide Web pages. 

15.6 Practitioner's Summary 

Ilnproved user interfaces to traditional database-query and text- or multime
dia-document search will spawn appealing new products. Flexible queries 
against cmnplex text, sound, graphics, image, and video databases are 
emerging. Novel graphical and direct-manipulation approaches to query 
formulation and information visualization are now possible. Whereas 
research prototypes have typically dealt with only one data type (one-, two-, 
and three-dimensional data; temporal and multidimensional data; and tree 
and network data), successful commercial products will have to accmnmo
date several. These products will need to provide smooth integration with 
existing software and to support the full task list: overview, zoo1n, filter, 
details-on-demand, relate, history, and extract. These methods are attractive 
because they present information rapidly and allow user-controlled explo
ration. If they are all to be fully effective, we will require advanced data 
structures, high-resolution color displays, fast data retrievat and novel 
forms of user training. Many user interfaces for specifying advanced filter
ing are being built and are worthy of evaluation for commercial projects. 

15.7 Researcher's Agenda 

Although the computer contributes to the information explosion, it is poten
tially the magic lens for finding, sorting, filtering, and presenting the relevant 
items. Search in complex structured documents, graphics, images, sound, or 
video presents grand opportunities for the design of advanced user interfaces 
and powerful search engines to find the needles in the haystacks and the 
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forests beyond the trees. The novel infonnation-exploration tools-such as 
dynmnic queries, treemaps, fisheye views, parallel coordinates, starfields, and 
perspective walls-are but a few of the inventions that will have to be ta1ned 
and validated by user-interface researchers. A better integration with percep
tual psychology (understanding preattentive processes and the impact of var
ied coding or highlighting techniques) and with business decision making 
(identifying tasks and procedures that occur in realistic situations) is needed, 
as are theoretical foundations and practical benchn1arks for choosing a1nong 
the diverse e1nerging visualization techniques. En1pirical studies would help 
to sort out the specific situations in which visualization was most helpful. 
Finally, software toolkits for building innovative visualizations would facili
tate the exploration process. 

World Wide Web nesnurces www 
The search services such as Alta Vista, Excite, Infoseek, and Lycos 
provide remarkable but flawed access to the World Wide \.Aleb. Other 
infonnation retrieval topics such as collaborative filtering, docu
m.ent su1nmarization, and indexing methods are covered. Infonna
tion visualization tools are growing more effective for a wider range 
of tasks. 

http:/ /www.aw.com/DTUI 
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Hypertnedia and the 

World Wide Web 

Gradually I began to feel that we were growing something almost organic in a new 
kind of reality, in cyberspace, growing it out of information ... a pulsing tree of data 
that I loved to climb around in, scanning for new growth. 

Mickey Hart, Drumm.ing at the Edge of Magic: 
A Journey into the Spirit of Percussion, 1990 

Look at every path closely and deliberately. 
Try it as many times as you think necessary. 
Then ask yourself, and yourself alone, one question ... 
Does this path have a heart? 
If it does, the path is good; if it doesn't, it is of no use. 

Carlos Castaneda, The Teachings of Don Juan 

0574



CH16 

I 

Chapter 16 

16.1 Introduction 
16.2 Hypertext and Hypermedia 
16.3 World Wide Web 
16.4 Genres and Goals for Designers 
16.5 Users and Their Tasks 
16.6 Object-Action Interface Model for 

Web Site.Design 
16.7 Practitioner's Summary 
16.8 Researcher's Agenda 

16.1 Introduction 

II 
L..J 

II 
L..J 

II 
L..J 

In July 1945, Vannevar Bush, President Franklin Roosevelt's Science Adviser, 
wrote a provocative article (Bush, 1945) offering his vision of science projects 
that might become feasible in the post-World War II period. He wisely iden
tified the information-overload problem and sought to make cross-refer
ences within and across documents easy to create and traverse. His desktop 
information-exploration tool, memex, was based on microfilm and eye-track
ing technology. Memex would enable readers to follow cross-references by 
merely staring at them: 

Wholly new forms of encyclopedias will appear, ready-made with a mesh of 
associative trails running through them, ready to be dropped into the memex 
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and there mnplified. The lawyer has at his touch the associated opinions and 
decisions of his whole experience, and of the experience of friends and author
ities .... There is a new profession of trail blazers, those who find delight in 
establishing useful trails through the enonnous mass of the cmnmon record. 
The inheritance fron1. the master becornes, not only his addition to the world's 
record, but for his disciples the entire scaffolding by which they were erected. 
(Bush, 1945) 

It has taken 50 years to create effective-although smnewhat revised
lnodels of Bush's vision. Now the technology is beginning to make possible a 
useful reading, browsing, linking, and annotating environn1.ent to support 
cmnmunal nonlinear writing and reading. The nant.e hypertext, or hypermedia, 
has been applied to networks of nodes (also called articles, doet.nnents, files, 
cards, pages, fra1nes, screens) containing infornt.ation (in text, graphics, 
video, sound, and so on) that are connected by links (also called pointers, 
cross-references, citations). Hypertext is Inore comnt.only applied to text-only 
applications, whereas hypermedia is used to convey the inclusion of other 
media, especially sound and video. The World Wide Web extends the hyper
media to a vast network of computers in which 1nillions of users can create 
and retrieve multimedia 1naterials fr01n around the world in seconds. 

Ted Nelson coined the tenn hypertext in the 1960s as he was writing about 
his universal library and docuverse, with stretch text that expands when 
selected. Nelson's enthusias1n and in1.agination infected many people who 
shared his computopian hopes. Using less flamboyant tenns, Douglas Engel
bart created his Hu1nan Augmentation syste1n at SRI during the 1960s, with 
hypertext point-and-click features, expanding outline processors, multiple 
windows, remote collaboration, and the mouse (Engelbart, 1984). In parallel, 
Andries van Dam developed early electronic books at Brown University 
using colorful dynmnic graphics and three-dimensional animation 
(Yankelovich et al., 1985; van Dam, 1988). 

By the mid-1980s, many research and com1nercial packages offered hyper
text features to enable convenient ju1nps mnong articles (Conklin, 1987; 
Halasz, 1988; Shneidennan and Kearsley, 1989; Nielsen, 1995). Pioneering 
hypertext systems include NoteCards, developed at Xerox PARC; KMS, from 
Knowledge Syste1ns, Inc.; Guide from OWL International; and Hyperties, 
originated at the University of Maryland (Shneiderman, 1989) and commer
cially developed by Cognetics Corporation of Princeton, New Jersey (Fig 7.5, 
Fig. 12.6, and Color Plate C1). 

Hyperties was conceived as a publication tool, with which authors pro
duce hypermedia for thousands of readers. It has separate tools for browsing 
and authoring documents. Hyperties was based on the metaphor of an elec
tronic encyclopedia. Each document was called an article, and cross-refer
ences were implemented as highlighted text links and image maps. Using 
the metaphor of an encyclopedia comprising a collection of titled articles 
made acceptance easy and facilitated navigation. Built into Hyperties were 
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author-generated and alphabetical tables of contents, including every article 
plus history lists supporting reversible actions. The Hyperties browser was 
one of the first software packages that needed no error messages, because the 
design prevented the user frmn 1naking syntactic errors. 

In the late 1980s, commercial hypertext applications began to appear. In 
1987, Apple provided Bill Atkinson's HyperCard system free with every 
Macintosh. Although the brochures referred to Vannevar Bush's vision, 
Apple refrained from using the term hypertext in describing HyperCard (Fig. 
16.1a-b). Building on the metaphor of cards arranged in stacks, Apple 
clailned in the online help that "you can use HyperCard to create your own 
applications for gathering, organizing, presenting, searching and customiz
ing infonnation." 

The July 1988 Communications of the ACM contained eight papers from the 
first hypertext conference. Three electronic versions of this issue, built with 
KMS, HyperCard, and Hyperties (Shneiderman, 1988), were marketed by 
ACM to thousands of professionals. We used Hyperties the following year to 
create the first commercial electronic book, Hypertext Hands-On! (Shneiderman 
and Kearsley;. 1989). Hewlett-Packard used Hyperties to distribute electronic 
docun"lentation for its LaserJet 4 printers in 15languages. That may have been 
the first world-wide distribution of hypertext prior to implementation of the 
World Wide Web. 

Today, the World Wide Web uses hypertext to link tens of millions of docu
lnents together. The basic highlighted text link can be traced back to an innova
tion, developed in 1983, as part of The Interactive Encyclopedia System (TIES), the 
research predecessor to Hyperties. The original concept was to eliminate 1nenus 
by embedding highlighted link phrases directly in the text (Koved and Shnei
derman, 1986). Earlier designs required typing codes, selecting from menu lists, 
or clicking on visually distracting markers in the text. The embedded-text-link 
idea was adopted by developers such as Tim Berners-Lee, who described "hot 
spots" in his 1989 proposal for the World Wide Web (Berners-Lee, 1994). 

Other Hyperties features anticipated the World Wide Web. Charles Kre
itzberg, Whitney Quesenbery, and programmers at Cognetics implemented 
image maps, animations, and a markup language called Hyperties Markup 
Language (HTML). It is quite similar to the HTML markup language used 
with web browsers; both drew on concepts in SGML, which continues to be 
an important markup language within the publishing community. Hyperties 
also had a Java-like scripting language that allowed processes to be attached 
to pages or to links. 

Hypertext has become a mainstream interface paradigm with the emer
gence of the World Wide Web. In the web, the basic vision of Vannevar Bush, 
Ted Nelson and the researchers who picked up their challenge has becmne a 
reality. Some people might argue that the w~b does not capture the vision of 
the early hypertext pioneers, but the distinctions are modest, and innova
tions are added weekly. 
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HyperCard displays from the original1987 version. An iconic index of stacks is 
included. (Courtesy of Apple Computer, Cupertino, CA.) 
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With a silnple mouse click, users can ju1np to related web pages, which 
may be delivered frmn n1illions of server cmnputers located around the 
world. With graphics, maps, photos, sound, and the increasing degree of ani
mation supplied by Java applets or VRML, the web is lilnited only by the 
bandwidth of the network and the irnagination of designers. 

16.2 Hypertext and Hypermedia 

The intrigue of hypertext is that it extends traditional linear text with the 
opportunity for jumping to 1111.lltiple related articles. Convenient backtrack
ing, clickable indexes and tables of contents, string searching, book1narks, 
and other navigation tools profoundly alter the reader's experience. For some 
purposes, hypertext can be a welcon1.e ilnprove1nent over linear paper docu
ments, but there is a danger that ju1nping can also lead to hyperchaos. To 
reduce confusion, hypertext authors need to choose appropriate projects, to 
organize their articles suitably, and to adjust their writing style to make the 
best use of this new medium. The first step in creating effective hypertexts is 
to choose projects that adhere to the Golden Rules of Hypertext (Shneiderman, 
1989): 

1. There is a large body of information organized into numerous 
fragments. 

2. The frag1nents relate to one another. 

3. The user needs only a sn1all fraction of the fragments at any ti1ne. 

The dual dangers are that hypertext 1nay be inappropriate for smne pro
jects and that the design of the hypertext may be poor (for example, too 
many links or a confusing structure). A traditional novel is written linearly, 
and the reader is expected to read the entire text from beginning to middle to 
end. Most poe1ns, fairy tales, newspaper articles, and even the chapters of 
this book are written in a linear fonn. Of course, hypernovels, hyperpoems, 
hyper-fairy tales, hypernewspapers, and hyperbooks are possible; but they 
require creative rethinking of the traditional forms to satisfy the Golden 
Rules of Hypertext. 

Poor design of hypertext is common: too 1nany links, long chains of links 
to reach relevant materiat or too many long dull articles (Rivlin et aL 
1994). Inadequate tables of contents or overviews 1nake it difficult for users 
to determine what is contained in the hypertext. Breaking a text into linked 
fragments does not ensure that the result will be effective or attractive. Just 
as turning a theater production into a movie requires learning new tech
niques of zooming, panning, closeups, and so on, creating successful 
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hypertext requires learning to use the features of the new medium (Jones 
and Shneiderman, 1990). 

Enthusiasts of hypertext systems often dwell on nonlinear reading, yet 
there is also a great sense of novelty and adventure in writing nonlinear 
hypertexts. Authoring tools should support at least the features in this 
tableau of actions and objects: 

Actions 

import 

edit 

export 

print 

search 

Objects 

an article or node 

a link 

collections of articles or nodes 

webs of links 

entire hypertext 

In constructing the first commercial hyperbook, Hypertext Hands-On! 
(Shneiderman and Kearsley, 1989), we faced two key authoring issues: 
managing the articles and specifying the links. Hypertext systems should 
provide an index of all the articles that have been referenced or created, and 
should allow rapid specification of links. Marking a phrase or a region can 
usually be accomplished easily, but then it should also be easy to indicate 
the link destination. Furthermore, if the same phrase appears many times, 
it should be possible to resolve the link more easily the second time. Other 
features to consider in an authoring tool for stand-alone or the World Wide 
Web (for example, Claris HomePage or Microsoft Front Page) are these: 

• Range of editing functions available (for example, copying, moving, 
insertion, deletion, global change within and across articles) 

• Availability of lists of links (in and out), index terms, synonyms, and so 
on 

• Link verification to check correctness of links 

• Range of display-formatting commands, fonts, sizes, highlighting 

• Availability of search-and-replace functions for making global changes 
across multiple articles 

• Control of color (text, background); color can make the text look attrac
tive, but it can also be distracting; since users have different preferences 
and tasks, it should be possible to reset color-usage parameters 

• Capability to switch easily between author and browser modes to test 
ideas 

• Availability of graphics and video facilities; embedded graphics editors 
and mechanisms for exploring video segments 
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• Possibility of collaboration; more than one person should be able to edit 
the hypertext at one time; different people should be able to author 
components, which are then 1nerged 

• Data compression; compression algorithms can reduce the size and facil
itate distribution 

• Security control; password control can restrict access to the hypertext or 
parts of it 

• Encryption; encryption of sensitive nodes enhances security 

• Reliability; bug-free performance with no loss of data 

• Possibility of integration with other software or hardware 

• Import and export of standard interchange formats, such as SGML 

For at least the past 3000 years, authors and editors have explored ways to 
structure knowledge to suit the linear medium of the written word. When 
appropriate, authors have developed strategies for linking related fragments 
of text and graphics even in the linear format. Now, hypertext encourages 
nonlinear interconnecting links among articles. 

The first challenge is to structure the knowledge such that an overview 
can be presented to the reader in an introductory article. The overall 
structure of articles must make sense to readers so that they can form a 
mental image of the topics covered. This image facilitates traversal, 
reduces disorientation, and lets users know what is and what is not in the 
hypertext. 

Hypertext is conducive to the inclusion of appendices, glossaries, exam
ples, background information, original sources, and bibliographic refer
ences. Interested readers can pursue the details; casual readers can ignore 
them. 

Creating documents for a hypertext database introduces considerations 
beyond the usual concerns of good writing. No list can be complete, but this 
list, derived from our experience, may be useful: 

• Know the users and their tasks Consult with users throughout the 
development process, and test your designs. You are not a good judge 
of your own design. 

• Ensure that meaningful structure comes first Build the project around the 
structuring and presentation of information, rather than around the 
technology. Develop a high concept for the body of information that you 
are organizing. 

• Apply diverse skills Make certain that the project team includes infor
mation specialists (trainers, psychologists, graphic artists), content spe
cialists (users, marketers), and technologists (systems analysts, 
progrmnmers). 
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• Respect chunking Organize information into chunks that deal with one 
topic, theme, or idea. Chunks 1nay be 100 words or 1000 words-but 
when a chunk reaches 10,000 words, consider restructuring into rnulti
ple smaller chunks. Screens are still usually small and hard to read, so 
lengthy linear texts are not pleasant for users. 

• Show interrelationships Write each article to contain links to other arti
cles. Too few links bore readers; too 1nany links overwhehn and distract. 
Author preferences range fro1n putting in a n1axhnu1n of one or two 
links per screen, to the 1nore con1mon range of two to 20 links per 
screen, to the extre1ne of dozens of links per screen. Although pages 
1neant to be read thoroughly should have few links, index pages can 
contain hundreds of links. 

• Ensure simplicity in traversal Design the link structure so that naviga
tion is simple and consistent throughout the syste1n. 

• Design each screerl carefully Design screens such they can be grasped 
easily. The focus of attention should be clear, headings should guide the 
reader, links should be useful guides that do not overwhehn the reader. 
Visual layout should be compact vertically, so as to rninimize scrolling. 
Whitespace can be helpfut but blank space is wasteful. 

• Require low cognitive load Minhnize the burden on the user's short
tenn 1Tie1nory. Do not require the user to 1ne1norize tenns or codes. The 
goal is to enable users to concentrate on the contents while the COlTI

puter vanishes. 

Key design questions are how to organize the hypertext, and how to con
vey that order to the reader. Authoring strategies for creating the introduc
tory article include these: 

• Executive overview Make the home page or introductory article an 
overview that sum1narizes the contents and contains links to all1najor 
concepts. 

• Top-down Adopt a hierarchical approach in which the links in the 
home page are to major categories only. 

• Menu Organize the home page as a detailed table of contents. 

• Search strategy Make string search easily available as a possible first 
step. 

A major concern of hypertext authors is the opthnal length for articles. 
Research suggests that many short articles are preferable to a s1naller num
ber of long articles. An experiment at the University of Maryland using the 
Hyperties system compared two versions: 46 short articles (four to 83 lines) 
and five long articles (104 to 150 lines). Participants in the study were given 
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Figure 16.2 

this because it 
probably ind!Co.t€'s 
that you ha ""' built a 
v;~b~ ::~nd so have 
sta.rted t<~ tllink 

Eastgate Systems Storyscape, showing hypertext link structure and an assessment 
window with a comment. (Used with permission of Eastgate Systems, Watertown, 
MA.) 

30 minutes to locate the answers to a series of questions by using the data
base. The 16 participants who worked with the short articles answered more 
questions correctly and took less time to answer the questions. The optimal 
article length will be affected by screen size, response time, nature of task, 
and experience of the users. With the longer time for retrieving articles on 
the web, the preferred length of home pages would be larger. Higher num
bers of pointers per page can reduce the number of steps to reach a desired 
article. 

Hypertext authoring has continued as a cottage industry among literary 
types, encouraged by Eastgate Systems, who also market the Storyscape sys
tem (Fig. 16.2). Broader application of hypertext has appeared in Microsoft's 
and other companies' online help systems, as well as in numerous CD-ROM 
reference works and encyclopedias, such as Encarta or Compton's (Color 
Plate C2). These are excellent systems, but the volume of material is dwarfed 
by the enormous and continuously expanding contents of the World Wide 
Web. 

16.3 World Wide Web 

The deluge of web pages has generated dystopian commentaries on the 
tragedy of the flood of information. It has also produced utopian visions of 
harnessing the same flood for constructive purposes. Within this ocean of 
information there are also lifeboat web pages offering design principles, but 
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often the style parallels the early user-interface writings of the 1970s. The well
intentioned Noahs, who write frmn personal experience as web-site designers, 
often draw their wisdmn frorn specific projects, so their advice is incon,plete or 
lacks generalizability. Their experience is valuable, but the paucity of empirical 
data to validate or sharpen insight rneans that smne guidelines are n'isleading. 
As scientific evidence accun,ulates, foundational cognitive and perceptual 
theories will structure the discussion and guide designers in novel situations. 

It may take a decade until sufficient experience, experimentation, and 
hypothesis testing clarify design issues, so we should be grateful for the 
early and daring attempts to offer guidance. One of the better guides (Lynch, 
1995) offers this advice: 

Proper World Wide Web site design is largely a n<atter of balancing the struc
ture and relationship of Inenu or "hmne" pages and individual content pages 
or other linked graphics and documents. The goal is to build a hierarchy of 
n<enus and pages that feels natural and well-structured to the user, and doesn't 
interfere with their [sic] use of the Web site or n<islead them. 

This advice is helpful, but it does not tell designers what to do or how to 
evaluate the efficacy of what they have done. Lynch goes on to give con
structive advice about not being too broad or too deep, finding the proper 
length of pages, using gridded layouts, and the challenge of "balancing 
the power of hypermedia Internet linkages against the new ability to 
imbed graphics and rnotion rnedia within networked WWW pages." He 
sorts out the issues better than rnost, but still leaves designers with uncer
tainties. 

Jakob Nielsen (1995) goes a step further by reporting oi' his case study of 
designing a web site for Sun Microsysterns to showcase that company's 
products. His usability-testing approach revealed specific problems, and the 
web site discusses nine different versions of the home page. The subjective 
data reveal problerns and highlight key principles-for example "Users con
sistently praised screens that provided overviews of large infonnation 
spaces." Empirical testing should reveal what kinds of overviews are most 
effective and whether performance tin,es, error rates, or retention are 
enhanced by certain overviews. 

Refinement of the web is more than a technical challenge or commercial 
goal. As governments offer information plus services online and educational 
institutions increase their dependence on the web, effective designs will be 
essential. Universal access is an important economic and policy issue; it is 
also a fundamental design issue. 

Until the ernpirical data and experience from practical cases arrive, we can 
use knowledge from other user-interface design dmnains, such as menu sys
tems and hypertext (Isakowitz et al., 1995; Shneidennan and Kearsley, 1989). 
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Designers can apply the theoretical fran1ework of the OAI n1odel and experi
ence frmn information-retrieval research (Marchionini, 1995). Improved 
guidelines appear regularly (IBM, 1997), so check the booksite for fresh 
pointers. 

16.4 Genres and Goals for Designers 

As they do in any 1nediun1, criteria for web-design quality vary with the 
genre and authors' goals. A dizzying diversity of web sites is e1nerging 
frmn the creative efforts of bold designers who merge old forms to create 
new inforn1ation resources, coin1nunication 1nedia, business services, and 
entertain1nent experiences. Web sites can range frmn a one-page personal 
biography (Color Plate C3) to millions of pages in the Library of Con
gress's (Color Plate AS) American Me1nory project organized by the 
National Digital Library progran1 (Color Plate C4). Con1n1on high-level 
goals include visual appeal, cmnprehensibility, utility, efficacy, and naviga
bility, but finer discriminations come into play if we exa1nine the categories 
of web sites. 

A primary way of categorizing web sites is by the originator's identity: 
individual, group, university, corporation, nonprofit organization, or gov
ernment agency. The originator's identity gives a quick indication of what 
the likely goals are and what contents to expect: corporations have products 
to sell, museums have archives to promote, and govern1nent agencies have 
services to offer. 

A second way of categorizing web sites is by goals of the originators, as 
interpreted by the designers (Table 16.1). Such goals may be simple informa-

Table 16.1 

Web-site goals tied to typical organizations 

Goal 

Sell products 

Advertise products 

Inform and announce 

Provide access 

Offer services 

Create discussions 

Nurture com1nunities 

Organizations 

publishers, airlines, department stores 

auto dealers, real estate agents, movie studios 

universities, museu1ns, cities 

libraries, newspapers, scientific organizations 

governm.ents, public utilities 

public-interest groups, magazines 

political groups, professional associations 
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Life history of the photographer David Seymour ("Chim"), with a timeline showing 
eight segments of his work. Presented by the International Center of Photography in 
New York, NY (http:/ /ww.icp.org/ chim/ chim2.html). 

tion presentation in a self-publishing style, where quality is uncontrolled 
and structure may be chaotic. Information may be an index to other web 
sites, or it may be original material. Carefully polished individual life histo
ries (Fig. 16.3) and impressive organizational annual reports are becoming 
common as expectations and designer experience increase. As cmnmercial 
usage increases, elegant product catalogs, eye-catching advertisements, and 
lively newsletters will become the norm. Commercial and scientific publish
ers will join newspapers (Fig. 16.4) and magazines in providing access to 
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The New York Times con1pact vertical page layout fits the typical home computer 
screen (http:/ /www.nytim.es.conl.). (Reprinted by permission© 1997 The New York 
Tiines Electronic Media Company.) 

information while exploring the opportunities for feedback to editors, dis
cussions with authors, and reader interest groups. Digital libraries of 1nany 
varieties are appearing (Color Plate C6), but full recognition of their distinct 
benefits and design features is emerging only slowly. Entertaimnent web 
sites are growing as fast as the audience gets online. 

A third way of categorizing web sites is by the nu1nber of web pages or 
a1nount of inforn"lation that is accessible (Table 16.2): one-page bios and pro
ject sum1naries are s1nall, organization overviews for internal and external 
use are medium, and airline schedules and the telephone directories are 
large. Taxonomies of web sites fr01n many perspectives are likely. The Yahoo 
home page, with its then"latic categories, provides a starting point, and it 
changes as the web grows (Color Plate CS). 

A fourth way of categorizing web sites is by 1neasures of success. For indi
viduals, the measure of success for an online resume 1nay be getting a job or 
making a friend. For many corporate web sites, the publicity is measured in 
number of visits, which 1nay be millions per day, independent of whether 
users benefit. For others, the value lies directly in pr01noting sales of other 
products, such as movies, books, events, or automobiles. Finally, for access 
providers who earn fees from hourly usage charges, success is measured by 
the thousands of hours of usage per week. Other measures include diversity 
of access as defined by what the number o~ users is; what their countries of 
origin are; or whether the users cmne from university, 1nilitary, or cOlniner
cial domains. 
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Table 16.2 

Web-site genres, with approximate sizes and examples 

Number of 
Web pages Example genres 

1-10 

5-50 

50-500 

500-5,000 

5,000-50,000 

50,000-500,000 

500,000-5,000,000 

>5,000,000 

Personal bio 
Project summary 

Scientific paper 
Conference program 

Book or manual 
Corporate annual report 

Photo library 
Technical reports 

University guide 

Telephone directory 

Congressional digest 

Library of Congress 

16.5 Users and Their Tasks 

Restaurant review 
Course outline 

Photo portfolio or exhibit 
Organization overview 

City guide or tour 
Product catalog or advertisen1.ent 

Museun1. tour 
Music or film database 

Newspaper or magazine 

Airline schedule 

Journal abstracts 

NASA archives 

As in any user-interface design process, we begin by asking: Who are the 
users and what are the tasks? Even when broad communities are antici
pated, there are usually implicit assumptions about users being able to see 
and read English. Richer assumptions about the users' age group or educa
tional background should be made explicit to guide designers. Just as auto
mobile advertisements are directed to college-age males, young couples, or 
mature female professionals, web sites are more effective when directed to 
specific audience niches. Gender, age, economic status, ethnic origin, educa
tional background, and language are prhnary audience attributes. Physical 
disabilities such as poor vision, hearing, or muscle control call for special 
designs. 

Users' specific knowledge of science, history, medicine, or other disci
plines will influence design. A web site for physicians treating lung cancer 
will differ in content, terminology, writing style, and depth from a web site 
on the same topic for patients. Communities of users might be museum visi
tors, students, teachers, researchers, or journalists. Their motives may range 
from fact finding to browsing, professional to casual, or serious to playful. 

Knowledge of computers or web sites can also influence design, but more 
important is the distinction between first-time, intermittent, and frequent 
users of a web site. First-time users need an overview to understand what 
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the range of services is, what is not available, and what buttons select which 
actions. Intennittent users need an orderly structure, familiar landmarks, 
reversibility, and safety during exploration. Frequent users demand short
cuts or macros to speed repeated tasks and extensive services to satisfy their 
varied needs (Kellogg and Richards, 1995). 

Since many applications focus on educational services, appropriate 
designs should accommodate teachers and students from elementary 
through university levels. Adult learners and elderly explorers may also get 
special services or treatments. 

Evidence from a survey of 15,000 web users conducted at the Georgia 
Institute of Technology (Pitkow and Kehoe, 1996) showed that the average 
age of respondents is 35, the mean household income is above $60,000, 
and 69 percent are 1nale. A re1narkable 82 percent are daily users, and are 
likely to have a professional connection to computing or education. These 
profiles have shifted frmn previous surveys and will probably continue 
moving toward a closer match with the population at large. Of course, 
survey response was voluntary, from the web community, so the sample is 
biased, but the results are still thought provoking. More carefully con
trolled 1narketing and user studies are beginning to emerge (Hoffman et 
al., 1996). 

Identifying the users' tasks also guides designers in shaping a web site. 
Tasks can range from specific fact finding to more unstructured open-ended 
browsing of known databases, to exploration of the availability of informa
tion on a topic (Section 15.1). 

The great gift of the web is its support for all these possibilities. Specific 
fact finding is the more traditional application of computer-based databases 
with query languages such as SQL, but the web has dramatically increased 
the capability for users to browse and explore. Equal challenges are to sup
port users seeking specific facts and to help users with poorly formed infor
mation needs who are just browsing. 

A planning document for a web site might indicate that the primary audi
ence is North American high-school environmental-science teachers and 
their students, with secondary audiences consisting of other teachers and 
students, journalists, environmental activists, corporate lobbyists, policy 
analysts, and amateur scientists. The tasks might be identified as providing 
access to selected LANDSAT images of North America clustered by and 
annotated with agricultural, ecological, geological, and meteorological fea
tures. Primary access might be by a hierarchical thesaurus of keywords 
about the features (for example, floods I hurricanes I volcanoes) from 
the four topics. Secondary access might be geographical with indexes by 
state, county, and city, plus selection by pointing at a map. Tertiary access 
might be by specification of latitude and longitude. 
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16.6 Object-Action Interface Model for Web Site Design 

The OAI model (Section 2.3) employs a hierarchical dec01nposition of objects 
and actions in the task and interface domains (see Fig. 2.2). It can be a helpful 
guide to web-site designers in decomposing a c01nplex information problem 
and fashioning a comprehensible and effective web site. 

The task of infonnation seeking is c01nplex, but it can be described by 
hierarchies of task objects and actions related to the information. Then, the 
designer can represent the task objects and actions with hierarchies of inter
face objects and actions. For example, a 1nusic library 1night be presented as 
a set of objects such as collections, which have shelves, and then songs. Users 
may perform actions such as entering a collection, searching the index to a 
shelf, and reading the score for a song. The interface for the music library 
could have hierarchies of menus or metaphorical graphic objects accompa
nied by graphic representations of the actions, such as a magnifying glass for 
a search. Briefly, the OAI 1nodel encourages designers of web sites to focus 
on four c01nponents in two areas: 

1. Task 

• Structured information objects (for example, hierarchies, networks) 

• Information actions (for example, searching, linking) 

2. Interface 

• Metaphors for information objects (for example, bookshelf, encyclopedia) 

• Handles (affordances) for actions (for example, querying, zooming) 

The boundaries are not always clear, but this decomposition into compo
nents may be helpful in organizing and evaluating web sites. It was useful in 
comparing alternatives and analyzing the complex possibilities for the 
Library of Congress. We shall explore the OAI model and give examples of 
decompositions of object and actions. 

16.6.1 Design of task objects and actions 

Information seekers pursue objects relevant to their tasks and apply task
action steps to achieve their intention. Although many people would 
describe a book as a sequence of chapters and a library as a hierarchy orga
nized by the Dewey Decimal System, books also have book jackets, tables of 
contents, indexes, and so on, and libraries have magazines, videotapes, spe-

. cial collections, manuscripts, and so on. It would be still harder to character
ize the structure of university catalogs, corporate annual reports, photo 
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archives, or newspapers, because they have still less standardized structures 
and more diverse access paths. 

When you are planning a web site to present complex information struc
tures, it helps to have a clear definition of the atomic task objects, and the aggre
gates that can be combined to build the universe. Atoms can be a birthdate, 
name, job title, biography;. resume, or technical report. With image data, an 
atomic object 1night be a color swatch, icon, corporate logo, portrait photo, or 
music video. 

Information at01ns can be combined in many ways to form aggregates, 
such as a page in a newspaper, a city guidebook, or an annotated 1nusical 
score. Clear definitions help to coordinate among designers and inform users 
about the intended levels of abstraction within each project. Information 
aggregates are further c01nbined into collections and libraries that form the 
universe of concern relevant to a given set of tasks. 

Strategies for aggregating information are numerous. Here is a starting 
list of possibilities: 

• Short unstructured lists City-guide highlights, organizational divi
sions, current projects (and this list) 

• Linear structures Calendar of events, alphabetic list, human-body slice 
images from head to toe, orbital swath 

• Arrays or tables Departure city I arrival city I date, latitude/longitude/ 
time 

• Hierarchies, trees Continent-country-city (for example, Africa, Nige
ria, Lagos), or concepts (for example, sciences, physics, semiconduc
tors, gallium arsenide) 

• Multitrees, faceted retrieval Photos indexed by date, photographer, 
location, topic, film type 

• Networks Journal citations, genealogies, World Wide Web 

These aggregates can be used to describe structured information objects. 
An encyclopedia is usually seen as a linear alphabetical list of articles, with a 
linear index of terms pointing to pages. Articles may have a hierarchical 
structure of sections and subsections, and cross references among articles cre
ate a network. 

Some information objects, such as a book table of contents, have a dual 
role, since people may read them to understand the topic itself or may 
browse them to gain access to a chapter. In the latter role, they represent the 
actions for navigation in a book. 

The information actions enable users to follow paths through the informa
tion. Most information resources can be scanned linearly from start to finish, 
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but the:lr size often dictates the need for shortcuts to relevant information. 
Atomic information actions include these: 

• Looking for Hemingway's na1ne in an alphabetical list 

• Scanning a list of scientific article titles 

• Reading a paragraph 

• Following a reference link 

Aggregate infonnation actions are composed of atmnic actions: 

• Browsing an ahn.anac table of contents, ju1nping to a chapter on sports, 
and scanning for skiing topics 

• Locating a scientific term in an alphabetic ind.ex and reading articles 
containing that tenn 

• Using a keyword search in a catalog to obtain a list of candidate book 
titles 

• Following cross reference fron1. one legal precedent to another, repeat
edly, until no new relevant precedents appear 

• Scanning a music catalog to locate classical symphonies by eighteenth 
century French cmnposers 

These examples and the list in Section 15.1 create a diverse space of 
actions. Smne are learned from youthful experiences with books or libraries, 
others are trained skills such as searching for legal precedents or scientific 
articles. These skills are independent of computer implementation; they are 
acquired through meaningful learning, are demonstrated with exmnples, 
and are durable in 1nemory. 

16.6.2 Design of interface objects and actions 

Since many users and designers have experience with information objects 
and actions on paper and other traditional media, designing for computer 
implementation can be a challenge. Physical attributes such as the length of a 
book or size of a map, which vanish when the information is concealed 
behind a screen, need to be made apparent for successful use. So web-site 
designers have the burden of representing the desired attributes of tradi
tional media, but also the opportunity of applying the dyna1nic power of the 
computer to support the desired information actions. Successful designers 
can offer users compelling features that go well beyond traditional media, 
such as multiple indexes, fast string search, booklnarks, history keeping, 

. cmnparison, and extraction. 
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Metaphors for interface objects The metaphoric representation of tradi
tional physical n1.edia is a natural starting point: electronic books n1.ay have 
covers, jackets, page turning, book1narks, position indicators, and so on, and 
electronic libraries may show varied size and color of books on shelves 
(Pejtersen, 1989). These may be useful starting points, but greater benefits 
will emerge as web-site designers find new 1netaphors and handles for 
showing larger infonnation spaces and powerful actions. 

Information hierarchies are the most frequently represented 1netaphor, 
with at least these examples: 

• File cabinet with folders and doct.nnents 

• Book with chapters 

• Encyclopedia with articles 

• Television with channels 

• Shopping 1nall with stores 

• Museu1n with exhibits 

Richer environments include a library with doors, help desk, rooms, col
lections, and shelves, and the City of Knowledge with gates, streets, build
ings, and landmarks. Of course, the infonnation superhighway is often 
presented as a metaphor, but rarely is it developed as a visual search envi
ronment. The 1netaphor needs to be useful in presenting high-level concepts, 
appropriate for expressing middle-level objects, and effective in suggesting 
pixel-level details. 

Design of computer-based metaphors extends to support tools for the infor
mation seeker. Some syste1ns provide maps of information spaces as an 
overview to allow users to grasp the relative size of con1.ponents and to dis
cover what is not in the database. History stacks, bookmarks, help desks, and 
guides offering tours are cmnmon support tools in information environments. 
Communications tools can be included to allow users to send extracts, to ask 
for assistance from experts, or to report findings to colleagues. 

Handles for interface actions The web-site representation of actions is often 
conveyed by action handles: the labels, icons, buttons, or image regions that 
indicate where users should click to invoke an action. Navigation action han
dles can be a turned page corner to indicate next-page operation, a high
lighted term for a link, and a magnifying glass to zoom in or open an outline. 
Other action handles might be a pencil to indicate annotation, a funnel to 
show sorting, a coal car to indicate data mining, or filters to show progres
sive query refinement. Sometimes, the action handle is merely a pull
down-menu item or a dialog box offering dch possibilities. The ensemble of 
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handles should allow users to decmnpose their action plan conveniently into 
a series of clicks and keystrokes. 

16.6.3 Case study with the Library of Congress 

The OAI model is still in need of refinement plus validation, but it m.ay 
already be a useful guide for website designers and evaluators. It offers a 
way to decompose the 1nany concerns that arise and provides a framework 
for structured design processes and eventually software tools. It is not a pre
dictive model, but a guide to designers about how to break a large problein 
into many s1naller ones and an aid in recognizing appropriate features to 
include in a website. In n1y experience, designers are n1ost likely to focus on 
the task or interface objects, and the OAI n1odel has been helpful in bringing 
out the issues of pennissible task actions and visible representations of inter
face actions. 

In the early 1990s, the U.S. Library of Congress staff developed a touch
screen catalog interface to replace the difficult-to-learn cmnmand-line inter
face. In this project, the design was relatively simple; the task objects were the 
set of catalog ite1ns that contained fields about each item. The task actions 
were to search the catalog (by author, title, subject, and catalog number), 
browse the result list, and view detailed catalog ite1ns. The interface objects 
were a search fonn (with instructions and a single data entry field), result 
lists, brief catalog items, and detailed catalog items. The interface actions 
were represented by buttons to select the type of search, to scroll the result 
lists, and to expand a brief catalog entry into a detailed catalog entry. Addi
tional actions, also represented by buttons, were to start a new search, get 
help, print, and exit. Even in this silnple case, explicit attention to these four 
domains helped to simplify the design. 

In the more ambitious case of the Library of Congress website, many poten
tial task objects and actions were identified; more than 150 items were pro
posed for inclusion on the homepage. The policy and many design decisions 
were made by a participative process involving the Librarian of Congress, an 
18-person Policy Com1nittee, four graphic designers, and staff from many 
divisions. The resulting design (Color Plate AS) for the hierarchy of task objects 
is rich, including the catalog, exhibits, copyright infonnation, Global Legal 
Information, the THOMAS database of bills before Congress, and the vast 
American Memory resources, but it does not include the books. The exclusion 
of books is a surprise to many users, but copyright is usually held by the pub
lishers and there is no plan to make the full text of the books available. Con
veying the absence of expected objects or actions is also a design challenge. 

For brevity we focus on the American Memory component. It will contain 
200 collections whose items 1nay be searchable documents, scanned page 
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in1ages, and digitized photographs, videos, sound, or other media. A collection 
also has a record that contains its title, dates of coverage, ownership, keywords, 
etc. Each itern may have a name, nmnber, keywords, description, etc. The task 
actions are rich and controversial. They begin with the actions to browse a list of 
the collection titles, search within a collection, and retrieve an item for viewing. 
However, searching across all collections is difficult to support and is not cur
rently available. Early analysis revealed that collection records might not have 
dates or geographic references, thereby lirniting the ways that the collection list 
could be ordered and presented. Similarly, at the next level down, the item 
records may not contain the information to allow searching by date or photog
rapher name, and restricting search to specific fields is not always feasible. 

Continuing within the American Mernory cmnponent, the interface 
objects and actions were presented explicitly on the hornepage (Color Plate 
C4). Since rnany users seek specific types of objects, the primary ones were 
listed explicitly and rnade selectable: Prints & Photos, Documents, Motion 
Pictures, and Sound Recordings. The interface actions were stated simply 
and are selectable: Search, Browse, and Learn (about using the collections for 
educational purposes). Within each of these objects and actions, there were 
further decompositions based on what was possible and what a detailed 
needs analysis had revealed as important. 

At the lowest level of interface objects were the irnages and descriptive 
text fields. At the lowest level of interface actions were the navigation, hmne 
page, and feedback buttons. 

The modest nature of the OAI model means that it can lead to varying out
comes, but it would be unreasonable to assume that there is one best organi
zation or decmnposition of a website. In dealing with complex resources and 
services, it offers designers a way to think about solving their problems. 

16.6.4 Detailed design issues 

Many web-site design issues are not yet resolved properly. The four-phase 
framework (see Section 15.2) can provide guidance to web search-engine 
designers to improve the currently confusing situation. Other issues include 
query previews to reduce the zero-hit problem while facilitating browsing of 
large information spaces, and session management to support multiple step 
plans while providing user assistance. 

Query Previews For large collections, especially when they are searched 
across the network, search actions can be split into two phases: a rapid rough 
search that previews only the number of items in the result set, followed by a 
query-refinement phase that allows users to narrow their search and to 
retrieve the result set (Doan et al., 1996). 
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For example, in a search for a restaurant (Color Plate C7), the query-pre
view screen gives users limited choices, with buttons to indicate the type of 
food (for example, Chinese, French, Indian), double-boxed range sliders to 
specify average price and time, and maybe a map to specify regions. As users 
make selections among these attributes, the query-preview bar at the bottom 
of the screen is updated immediately to indicate the number of items in the 
result set. Users can quickly discover that there are no cheap French restau
rants in downtown New York, or that there are several Caribbean restaurants 
open after midnight. When the result set is too large, users can restrict their 
criteria; when the result set is too small, they can alter their plans. 

Query previews require database 1naintainers to provide an updated table 
of contents that users can download frmn the server. Then, users can per
form rapid searches on their client 1nachines. The table of contents contains 
the nu1nber of items satisfying cmnbinations of attributes, but the size of the 
table is only the product of the cardinality of the attributes, which is likely to 
be much smaller than the number of items in the database. With 12 kinds of 
restaurants, eight regions, and three kinds of charge cards, a simple table of 
contents would contain only 288 entries. Storing the table of contents bur
dens users who may have to keep tables of contents (1000 to 100,000 bytes) 
for each database that they search. Of course, the size of the table of contents 
can be cut down dramatically if there are simply fewer attributes or fewer 
values per attribute. The burden of storing tables of contents seems moder
ate when weighed against the benefits, especially if users search a database 
repeatedly. The table of contents is only as big as a typical image in a web 
site, and it can be downloaded for use automatically when Java applets are 
used. 

Query previews are implemented for a complex search on NASA environ
mental databases. Users of the old system must understand the numerous 
and complex attributes of the database, which is distributed across eight 
archival centers. Many searches result in zero hits because users are uncertain 
about what data are available, and broad searches take many minutes yet 
yield huge and unwieldy result displays. The query preview uses only three 
parameters: locations (clustered into 15 geographic regions), 171 scientific 
parameters (soil type, ocean temperature, ozone, and so on), and dates 
(clustered into 10 1-year groups) (Fig. 16.5). There is thus a total of 15 X 171 X 

10 = 25650 data values in the table of contents. In the prototype, users could 
quickly discover that the archive held no ozone measurements in Antarctica 
before 1985. Once a reasonable-sized result set is identified, users can down
load the details about these data sets for the query-refinement phase. 

Session Management Each search or jump is one action to accomplish a 
· task within a session. When sessions cover many complex tasks, it is helpful 
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Geographical Selection Menu: 

;J Global Selection ~J A.rctic Ocean 

Africa .d Nortll Atlantic 

North America South Atlantic 

Figure 16.5 

NASA query preview. The system applies this technique to a complex search for 
professional scientists. The set of more than 20 parameters is distilled to three, thus 
helping to speed the search and to reduce wasted effort. Users select values for the 
parameters and immediately see the size of the result bar on the bottom, thus avoid
ing zero-hit and mega-hit queries. (Doan et al., 1996) 
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to have a history of the session, so that users can review their progress, 
return to key actions, learn frmn their failures, and save or edit or reapply 
previous actions (possibly on related databases). Other useful services allow 
users to annotate the objects that they have retrieved, and to extract text or 
images for use in their own projects. Communication with the owners or 
designers or maintainers of a web site and with other users should also be 
supported. Web-site users should be encouraged to cmninent about errors or 
suggest improvements. 

No matter how well designed a web site is, there will always be a need for 
online and hu1nan assistance. The designer's goal should be to reduce the 
need for assistance, but with ever-greater numbers of users with ever-greater 
expectations, careful planning and trained personnel are needed. Online 
tutorials, descriptions of interface objects and actions, files with frequently 
asked questions (FAQs), electronic-mail help desks, and telephone service 
(possibly for a fee) should be made available. 

16.6.5 Web-Page design 

According to the OAI model, web-page designers should begin by identify
ing tasks in terms of information objects and actions. Then, designers can 
present interface metaphors for information objects accompanied by handles 
for actions. Success also requires wise choices during detailed page design to 
show objects (for example, menus, search results, fonts, colors) and to invoke 
actions (for example, button press, selection from a list). These visible design 
elements are often the most discussed aspects of design, and are the ones 
most directly implemented by HTML or Java coding. Initial subjective satis
faction is strongly determined by these surface features; therefore, they 
deserve intense attention (Horton et al., 1996). 

Compactness and branching factors The most discussed issues are page 
length and number of links (branching factor). An extremely long page with 
no links is appealing only if users are expected to read the entire text sequen
tially. They rarely are, so some form of home or index page to point to frag
ments is necessary. Meaningful structures that guide users to the fragments 
that they want is the goal, but excessive fragmentation disrupts people who 
wish to read or print the full text. As the document and web site grow, the 
number of layers of index pages can grow as well, and that poses a severe 
danger. A higher branching factor is almost always preferred for index pages, 
especially if it can save an extra layer that users must traverse. The extra lay
ers are more disorienting than are longer index pages. In a redesign for the 
Library of Congress home page (http:/ /www.loc.gov) (Color Plate AS), the 
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seven links to general them.es were replaced with a compact display with 31 
links to specific services. The Yahoo home page has ahnost 100 links in a com
pact two-column presentation. 

Within a page, compact vertical design to reduce scrolling is recom
mended. Although some white space can help to organize a display, often 
web pages contain harmful dead space that lengthens the page without ben
efit to users. Atypical mistake is to have a single left-justified column of links 
that leaves the right side of the display blank, thus forcing extra scrolling and 
preventing users fron1. gaining an overview. A second common 1nistake is to 
use excessive horizontal rules or blank lines to separate items. 

Sequencing, clustering, and emphasis Within a page-especially the 
highly visible home page of an organization-designers 1nust consider care
fully the sequencing, clustering, and emphasis for objects. Users expect the 
first item in a page to be an important one and are likely to select it. Cluster
ing related items shows meaningful relationships. More ilnportant items 
can be e1nphasized with large fonts, color highlights, and surrounding 
boxes. The Library of Congress home page emphasizes the American Mem
ory collections by placing them first and giving the1n a large fraction of the 
space. Public services such as the catalog and THOMAS (for searching legis
lation) are clustered in the center, and library services are clustered on the 
right side. 

Support for universal access Designers must accommodate small and large 
displays, monochrome and color, slow and fast transmission, and various 
browsers that may not support desired features. The pressure for lowest-com
mon-denominator design is often outweighed by the desires to assume larger 
displays, to use more detailed and more numerous graphics, to support Java 
applets, and to employ newer browser features. Fortunately, balanced 
approaches that enable users to indicate their environment and preferences 
are possible. Since many key design decisions involve task issues, several ver
sions of the interface can be developed for relatively small incremental costs. 

Providing text-only versions for users with small displays and low-band
width access is likely to be strongly recommended for many years to come. 
Users using low-cost devices, users in developing countries with poor com
munication infrastructure, users wanting low-bandwidth wireless access, 
users with small personal display devices, and handicapped users constitute 
a large proportion of the potential users. 

The great disparity in transmission speeds (low-speed modems at 1200 
baud to direct-connection lines at 4 megabits per second) has compelled 
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n'lany designers to build two versions of a web site: text only and graphi
cal. Another solution is to display the textual components first, and to fill 
in the graphics as tilne permits. The use of i1nage thurnbnails that can be 
optionally expanded is another appropriate accmn1nodation. Opinions are 
split over the use of low-resolution graphics that becmne enhanced as tiine 
pennits. 

Accon11nodating diverse users should be a strong concern for rnost 
designers, since it enlarges the n'larket for con'llnercial applications and pro
vides de1nocratic access to govermnent services. Web sites should be tested 
an gray-scale displays, low-bandwidth transn'lission lines, and s1nall dis
plays. In addition, access by way of telephone or voice input-output devices 
will serve handicapped users and enlarge access. Access to web sites n1.ight 
also cmne fron1. wristwatch projection displays, wallet-sized pocket PCs, or 
personal video devices n.1.ounted on eyeglasses. 

Pointing devices could be the traditional n1.ouse, trackball, trackpoint, 
touchpad, touchscreen, or eyegaze-detection devices. Cursor-control arrow 
keys could be used to support jun1.ping among highlighted items. 

Good graphical design Many personal web sites are developed by individ
uals who learn a modest mnount of HTML or use a graphical interface to gen
erate HTML. Simple web sites can be created successfully with these tools, 
but doing innovative and effective page layout for a large web site requires as 
rnuch care and skill as does laying out a newspaper, rnagazine, or book. Page 
layout is a well-developed topic for graphic designers, whose expertise is 
vital for innovative and effective designs (Cotton and Oliver, 1993; 
McAdams, 1996; Wein1nan, 1996). Grid layouts and consistent structure help 
to guide the reader. Distinctive headings and graphics signal boundaries and 
provide fmniliar landmarks during navigation on the first visit and return 
visits. Indexes and shortcuts give frequent users paths for rapid traversal. 

An hour spent browsing web sites will reveal diverse graphic-design 
philosophies. The poster designers use centered titles, large graphics, a1nple 
white space, and a s1nall number of visually striking buttons, son1.etilnes 
frmn the Wired magazine school of garish colors and extreme imagery. Book 
designers use left-justified titles, a few s1nall graphics, dense text that goes on 
for many pages, and numerous text links. Newspaper designers start several 
stories on the ho1ne page, each with its own heading, font, column, inset pho
tos, and continuations. GIF-heads are eager to show their scanned photos, 
art, scientific images, or logo, and place these graphics on the page with little 
care for captions, layout, or the burden on users who have low-bandwidth 
access. Hypertext fanatics chop up docu1nents into paragraph-sized chunks 
or smaller, and put as many links as possible per sentence. Traditionalists 
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silnply put a lengthy text in a single file and expect users to scroll happily and 
linearly. 

Each design philosophy is m.eant to appeal to certain users and to support 
certain tasks. Abuses that hinder task cmnpletion are likely to fade over tilne. 
Page layouts are likely to favor convenient online browsing, but special lay
outs Inay be needed to produce effective printed versions. 

Traditional graphic-design rules often apply in the web environment. 
Large fonts or boldface type typically indicate m.ajor headings, and 
1nediu1n fonts can signal sub headings. Text is best left as black on white or 
gray, enabling links to be highlighted by color or underlining. A graphic 
logo is typical for an organization hmne page, and, as users move down in 
a hierarchy, moderate- or s1nall-sized logos can indicate location in the hier
archy. Four sizes of logos are probably as n1any as 1nost users can grasp 
quickly. For different branches of a large hierarchy, variant logos, and color 
coding of banners or backgrounds can be effective, with a limit of six to 
eight variations. These recomn1endations e1nerge from graphic-design 
books for paper docu1nents; new opportunities will appear for electronic 
docu1nents. 

Navigation support In a paper book, the reader's progress is easily seen. 
Since this is not available online, innovative substitutes are appearing. The 
simple approach of indicating page 171 of 2 8 3 can be effective, but various 
analog progress indicators, such as scroll bars and page bars, are e1nerging. 
More elaborate indicators, such as a tree or network diagrmn, son1etimes 
called a site map, help to orient users in larger sites (see Fig. 7.7). Dynamic 
indicators that respond to 1nouse cursor placement by opening up a hierar
chy or popping up detailed infonnation in a small window are still novel. 
Animated indicators that reveal underlying structures or offer more details 
are likely to emerge, along with auditory feedback, three-dimensional dis
plays, and rich information visualizations. 

Although scroll bars are the primary navigation tool because they pro
vide a simple and standard mechanism, a paging strategy using page bars 
(a scroll bar with discrete jumps) is cognitively less demanding because 
users have a clearer sense of position in a document. Designers can 1nake 
use of tops and bottoms of pages to provide navigational cues (headers, 
footers, page numbers). Users become familiar with a document by 
remembering a photo or figure at the top of a certain page. Unfortunately, 
this strategy is undermined by the wide variation in screen sizes, so 
designers have to commit to a specific size, such as 640 X 480 pixels, and 
then users of larger or smaller screens have to accmnmodate to the stan
dard. When designers can assume a larger screen and resolution-indepen-
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l!lxpress, Eastman Kodak, AT&T, Johnson&. 
Johnson and Merrill Lynch are just some of the 
companies responsible for OB's significant 
growth over the pest five years. 

Restructuring, reenglneerlng and downsizing, It 
seems, have been e boon to the Portland, Ore• 
gon•besed wilderness adventure outfit. "Most 
of the business teems that come to us aren't 
functioning for one reason or another," says 
spokeswomen Eleanor Davis. "We help them 
assess - In en active way -whet the prob• 
lems ere end whet eech person can do to move 
the group In the right direction." Nearly 2,100 
executives attend Outward Bound's wilderness 
excursions each year, seeking new Insights 
Into creative problem•solvlng, group dynamics 
end leadership styles. 

Plate Cl: An electronic magazine Get Smart, built with Hyperties, that allows 
integration of irnages, video, and sound with embedded links to related top
ics. (Used with permission of Cognetics Corp., Princeton Junction, NJ.) 

South A1rba 

i'JBELA, Nelson (born 1918). In January 
1990 Nelson r·.,; ,,,j,.J, was a political prisoner in 
South Africa. By April1994 he was the elected 
president of his country. In his early years he had led 
the armed stmggle against South Africa's official 
policy of racial segreBation, called apartheid. 
Ultimately he became a worldwide symbol of victory 
aBainst apartheid when he was freed from his life 
sentence in prison. 

South A1rb.Dn Pollt\:1»1 Changu 

Nelson Rolihlahla r .. ·r '"';, r ·was born on July 19, 
1918, near Umtata, Transkei. To pursue a political 
career, he renounced his rigl'lt to succeed his father 
as chief of the Tembu tribe. He studied law by 
correspondence. In 1944 he joined the African 
National Congress (ANC) and helped found its 
influential Youth League. His first jail sentence, 
which was suspended, was for the ANC's 1952 
Defiance Against Unjust Laws Campaign. 

Plate C2: Compton's Encyclopedia uses multimedia and multiple windows to 
enrich the presentation and support browsing. 
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Ara Kotchian and My Trip to Ve.nus 

CUxren1: Po:lition: I am.cumm1Jy a progilllJllller at L@g~e t>.nalysis S>§tems Inc. in Res1on. VA. 
Acailemic Degree:Igxadua1ed "'lf1'ifuaB.S. inComP.uter Science on.December20, 1996 

A little bi1: of iDfo:muttion about :me: I ""'roS bom in.1be once beautiful ci1)1 of Bei:ro.t, Lebanon. 
'11:uough some wzy strange ewnts and mys1elious occunences over 1be :yeaxs, I ended up here at1be 
Umversi!Y. of 1-:l:gY.land. For 1hree :yeaxs I l:lave "WOlked at 1be Human-ComP.uter Interaction Lab l;rut as 
of 1be end of Sep1em.ber 1996 I have been -.rodting at my rev job atL. A. s .. Aside from Compulel: 
Science, I l:lave a greatinlerest in.~ient and medieval -world bis~IY and mytbology. I am an amaumr 
axmorer, I enjoy camping, reading and occasionally la)ling siege ~castles. 

Plate C3: One-page personal biography of Ara Kotchian, a student 
at the University of Maryland. (Used with permission.) 
(http:/ /www.cs.umd.edu/projects/hcil/People/ara/index.html). 

Today in History! 

AMEl~ICAN 
ME, M·ot R· ,""tif . ' . .' ' yf \ ~l'&! 

Historical Collections for theN alional Digital Library 

AluricuMtaory~ oC)t"ia..wysown ud~lUl:triUs rWlDg'to ..iura.tricnedwt. u.lli-t(lf'f". ~ ~ «Xl~ art tM 
k:~J' oollln)llbolll. or U2. Lll>~ of Co~_!! to Utt: lbboW Digtil Ll)nry. Most o( t:t.dt: OO:d'lltQ'S" art rroa Ut Li)Qrf$ ~lt:t qtc:W ..-... 

SEARCH 
AmeticanMemozyCOlleetions 

BRO,VSE 
ListofollAmexicanMemozy 
Collections 

Show case 

Nev Collectioit 

Plate C4: American Memory home page from the Library of Con
gress, which will offer more than 5 million images, texts, videos, 
and so on by the year 2000. (http:/ /lcweb2.loc.gov /ammem). 
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~u Netscape: Yahoo! 

<?o ~~¢ i1.t @ tlli ~¢' © ® t=:::::j (~l 
Back F •:.r- ........ ::n-d Home Reload Images Open Print Find Stop 

l~t\p ://w\'IW .yahoo.com/ 

I Whaes New? II Whaes Cool? II Destinations II Net Search II People II Software I 

fif!'H Coo\ 

Yahoo ! Atlanta 

( Seareh ) QptioitS 

Yellow Pw2.- Peoplf! SMrch- City; M .. "<Pl- Tod.."'.1f.:s: News -Stock Q'U.Otes -§potts Scores 

• Arts and Humanities 
Archltect'UJ'e. Photom.p]!y_, Litet'atv.t~ ... 

• Business and EconomY. [XtuH 
Com.pa:r&,:s:, Ill.vest~~ Cl."<S:s:ified:s:, T;»".hs ••• 

• ComP.uters and Internet {Xtun 
I:n.tet'Il.et, 'Vil'Vil'Vil, Software, :M·vJ.tim.eili."< .•• 

• Education 
U:rriversities, K-12, Colle~ ED..tt'UJ.Ce ... 

• Entertainment [Xtu!l 
Cool Lillks. II'Iovies, Ivi'USic. Hu:m.or ••• 

• Government 
Ivlilit~rv .. Politics: [Xtr~!l, Law, Tt<Xe:s: ... 

e Health {Xtu!J 
IY!eoliciM, D!:].g'S~ Di:s:ea:s:e:s:, Fit:n.e:s::s: ... 

• Nevs and Media [Xtr~!l 
Cwrent EveD..t:s:, Iv~:zines. !Y, New:s:p~p!!;! ... 

• Recreation and SP,orts [Xtr~n 
§potts. Games. Travel, Awo:s:. Owiloors ... 

• Reference 
Liltt':l.l"ies. Diction..mes, Phone N1.1.m.hers ... 

• Regional 
Co'lJ.D..tries, Reg!ons, U.S. States ... 

• Science 
Qt. Biology_, Astronom.:!,r:., E~etiw ... 

• Social Science 
AD..thropology ... Sociology ... Econom.ic:s: .•. 

• Socie!Y. and Culture 
Peopk, Environment, Re~n ... 

My; Yahoo! - Yahoo:!4gans! for Kid:s:- Yahoo! Rem.ote - Y~.h.oo! I:n.ternet Life- Yahoo! Shop, 

Chssifi4!is - To<h1,r's Web Events & Ch...'\ts -Weather Forecasts 

Na.tio::ul Yd.oos 

Yd.oo! Jai&tros 

Weekly; Picks - R:mdom. Yahoo! Lillk 

Canad.."< -France - Get:m.:my;- &P!-!!:- U.K. & Irel.'III.d. 

Atl."'..lta -A'UStin -Boston-Chic~ -D.C. -DFW -L.A. -N.Y. -S.F.- Se~ltle- G4!t 
Loc:ll:l 

Ho''' to I:n.cl'udi.! Yo1.t.r Site - Com.pany; Ill.form.ation- Contriltwors - Yuoo! to Go 

Plate CS: Yahoo index page showing a 14-item thematic categorization with 51 second
level links, and more than 30 other links. (http:/ /www.yahoo.com) (Used with permission 
of Reuters, Inc.) 
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nEpaEU( 
PROJECT 

.An Evolving Digital Library on .Ancient Greece anil Route 

Plate C6: Perseus digital library, which contains ancient Greek texts in original and 
English forn:1s with n<aps, photos, architectural plans, vases, coins, and so on for stu
dents and researchers. (http:/ /www.perseus.tufts.edu). 

Plate C7: Restaurant finder, a system that demonstrates query preview. Users 
can quickly adjust the parameters and see the effect on the size of the preview 
bar at the bottom. Zero-hit or mega-hit results are visible immediately, so 
users can always be sure that their search will produc~ an appropriate num
ber of results. (Graphic design by Teresa Cronnell.) (Doan et al., 1997.) 
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dent layouts as standard, then the shift toward page orientation will be 
lTIOre C01TI11l.On. 

16.6.6 Testing and maintenance of web sites 

Usability testing is reco1n1nended for all user-interface projects; in addition, 
there are special needs for web-site testing. As always, the questions of who 
the users are and what the tasks are guide designers. The testing should be 
done with representatives of each of the primary user cmnrnunities and of as 
1nany of the secondary com1nunities as tin1.e and 1noney allow (Nielsen, 
1995). Users of various ages, genders, and ethnic backgrounds, as well as 
international users, rnay be included. The task-frequency list developed dur
ing needs assess1nent provides guidance for construction of test tasks. 

Users should be tested in realistic settings that rese1nble the office or horne 
environ1nents. The nu1nber of users and length of testing will depend on the 
project's importance. Various screen sizes and transn1.ission speeds should 
be tested. Voice access should be tested for handicapped and other users. 
Since browsers have such varied features, testing should be done with sev
eral of the1n. 

After early in-house testing with li1nited nun1.bers of users, a n1.ore exten
sive in-house test might be conducted. Then, intensive field testing can 
begin, before a public announce1nent. A phased roll-out process will protect 
against disaster, hnprove quality, and ensure the highest satisfaction by the 
largest number of users. 

The web-site developer's work is never done. The 1nore successful a site 
is, the more opportunities there are for revision and i1nprovement. Software 
logs should capture the frequency of use for each page, or at least for each 
component of a database. Such statistics cari reveal patterns that provide 
guidance for in1.proving a web site. If smne cmnponents are never accessed, 
then they can be removed, or the references to these components can be 
in1.proved to draw attention. Logging software can also reveal patterns of use 
over a month, week, or day, and can indicate the paths users take to arrive at 
and to traverse a web site. 

In addition to using automated logging, web-site maintainers can solicit 
feedback from users by electronic mail or survey questionnaires embedded 
in the web site. Knowledge of user den1.ographics and 1notivations may be 
helpful in refining a web site. To get in-depth understanding, web-site lnain
tainers may interview users individually by telephone or personally, or con
duct focus-group discussions mnong users. 

User expectations and organizational policy guide the rate of change of 
the web-site contents and interface. Some web sites are stable, and users 
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depend on the permanent availability of the contents; libraries, govermnent 
archives, and online journals are examples. Other sites are volatile and are 
expected to change hourly, daily, weekly, or seasonally; weather infonnation, 
newspapers, 1nagazines, and train schedules are exan1.ples. 

16.7 Practitioner's Summary 

Linked information in text, graphics, ilnage, sound, animation, and video 
formats can be used in com1nercial projects that satisfy the Golden Rules of 
Hypertext. Effective hypennedia products follow basic principles of 
user-interface design, but place a greater e1nphasis on content organization 
and presentation. 

Careful web-site design makes the difference between a 1nust-see, top-10 
site and a worst-web page award. Specifying the users and setting the goals 
come first, followed by design of infonnation objects and actions. Next, 
designers can create the interface metaphors (bookshelf, encyclopedia, shop
ping 1nall) and the handles for actions (scrolling, linking, zooming). Finally, 
the web-page design can be created in multiple visual formats and interna
tional versions, with access provided for handicapped or otherwise special 
readers. Every design project, including web-site development, should be 
subjected to usability testing and to other validation methods. Monitoring of 
use should guide revision. 

16.8 Researcher's Agenda 

Hypertext, hypermedia, multimedia, and the World Wide Web are still in the 
Ford Model T stage of develop1nent. Strategies for blending text, sound, 
images, and video are in need of refinement, and effective rhetoric? for hyper
media are only now being created. Who will be the first to write the Great 
American Hypernovel or Hypermystery? Many results from other user-inter
face topics-such as menu selection, direct manipulation, and screen 
design-can be applied to web-site design. On the other hand, the novel com
munities of users, innovative databases, ambitious services, emphasis on 
linking and navigation, and intensive use of graphics present fresh challenges 
and rich opportunities to researchers to validate hypotheses in this environ
ment. Theories of information structuring are emerging, as are standards for 
representing traversal actions. The creative frenzy on the web is likely to pre
sent new opportunities for design research for many years to come. 
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Controlled experilnental studies are effective for narrow issues, whereas 
field studies, data logging, and online surveys are attractive alternative 
research methods in the wide-open web. Focus groups, critical-incident 
studies, and interviews 1nay be effective for hypothesis fonnation. Other 
opportunities include sociological studies about im.pact of web use on home 
or office life, and political studies of web-use influence on democratic 
processes. Broader concerns-such as copyright violation, invasion of pri
vacy, pornography, or criminal activity-1nerit attention as the ilnpact of the 
World Wide Web increases. We can influence the direction and societal 
impact of technology only if we have the scientific foundation to understand 
the issues. 

wm·Id Wide Web nesnurces www 
It should not be a surprise that World Wide Web contains nu1nerous 
documents about the World Wide Web, including style guides for 
authors, numerous navigation tools, research and survey reports, 
and ample discussion. 

http://www.aw.com/DTUI 
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Societal and Individual 

Impact of User Interfaces 

The machine itself makes no demands and holds out no promises: it is the human 
spirit that makes demands and keeps promises. In order to reconquer the machine 
and subdue it to human purposes, one must first understand it and assilnilate it. So 
far we have embraced the machine without fully understanding it. 

Lewis Mumford, Technics and Civilization, 1934 
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A.l Between Hope and Fear 

Hope is a vital hu1nan en1otion, stimulated by the desire to make life better 
and infused with the belief that change is possible. Hope has a strong ratio
nal cmnponent that shapes plans and reasons about possible outcmnes, but 
hope depends on passion for forward 1novement. 

Deeply held hopes can invigorate other people to join in purposeful action. 
Martin Luther King's "I Have a Dremn" speech is inspirational because of its 
ilnage of racial harmony. Similarly; John F. Kennedy's vision of a human set
ting foot on the moon helped to bring about that event. His passion provided 
the propelling force for the rational scientific_ work that followed. 

Often, hope must overcome resistance-the fear that action will fail or 
leave us worse off. Fear can be a terrifying barrier to change, but also can ere-
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ate energy for action. Confronting fears and sum1noning the courage to press 
forward requires self-confidence and a determination to succeed. Because of 
these challenges, people and civilizations are often re1nembered for their 
deep hopes, or, in the words of Ezra Pound, "One 1neasure of a civilization, 
either of an age or of a single individual, is what that age or person really 
wishes to do." 

Cmnputing professionals can reflect proudly on 50 years of accomplish
n"lents, and it is appropriate for us to consider our deep hopes for the next 50 
years. Cmnputing has grown into a worldwide infrastructure that touches 
every country and soon 1nay touch every individual on the planet. But what 
are our deep hopes for the next 50 years? If our hopes inspire action, our pro
fession will be appreciated for contributing to a better society (Brooks, 1996; 
Shneiderman, 1995, 1990). 

Through the half-century of our profession, visionaries have inspired con
structive developn"lent. In the 1940s, Vannevar Bush envisioned me1nex, a 
desk with microfihn libraries to extend n"leinory by accessing vast resources 
of patents, scientific papers, or legal citations (Bush, 1945). J.C.R. Licklider 
carried the digital-library idea into the world of electronic computers and 
recognized the potential for teleconferencing to bring people closer together 
(Licklider, 1965). Douglas Engelbart envisioned c01nputers as sy1nbol 
manipulators that could augn"lent hu1nan intellect (Engelbart, 1968). He cre
ated an mnbitious workstation with a 1nouse, a chorded keyboard, an out
liner, and links across docu1nents that he de1nonstrated at the Fall Joint 
Cmnputer Conference of 1968. Later visionaries brought us personal com
puters, networks, electronic 1nail, GUis, and Inore. These innovations helped 
to launch the modern cmnputer industry; finding the next breakthrough is 
our next challenge. 

An obvious vision of hope is by technology extrapolatioj1, which posits that 
advances in technology are in the1nselves beneficial to society. This approach 
leads to dremns of gigahertz processors producing rapid user-controlled 
three-dimensional animations on gigapixel displays. Technology extrapola
tion also suggests terabyte hard disks and web spaces with petabytes of 
information at our fingertips. Progress is relatively easy to recognize if we 
follow technology extrapolation, but a more challenging path is to consider 
what technologies we want to change ourselves and our civilization. 

A 1nore elaborate form of technology extrapolation is to dream of intelli
gent agents, speech interaction, or information at our fingertips (Gates, 1995; 
Negroponte, 1995). These goals are technology-oriented, but they are not 
directly linked to clear societal benefits, such as world peace, improved health 
care, or civil rights. Linking grand goals to realistic scenarios for accomplish
ing them takes impassioned iinagination cmnbined with scientific rigor. 

Let's start with imagination. The fisherman who rubbed Aladdin's lmnp 
evoked a genie who offered three wishes. If rubbing your keyboard could pro
duce a modern digital genie, what wishes would you choose to shape the 
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Web inspiration: In trying to fathom the link between the emotional 
quality of hope and the rational world of technology/ I ventured onto 
the World Wide Web. A quick search revealed an encouraging pattern: 
more than one million entries for hope, and only % 1nillion for fear. 
Some probing yielded a web site from a recent international conference 
in Japan on nThe Future of Hope!/ (http;/ /iij.asahi.com/paper/hope/ 
english/index.htinl). Along with many speakers/ Elie Wiesel called for 
recognition of past and current suffering. The closing Hiroshima Decla
ration stressed continued reduction in nuclear weapons and support 
for human and civil rights. It mentioned the potential for "revolution
ary technologies" that "offer ever more opportunities to bring people 
and leaders together in dialogue and thus resolve their conflicts." 

future? After much reflection, my choices are for universal access to cOinput
ing technology, universal1nedical records, and universal educational support. 

A.l.l Universal access to computing technology 

My first hope is for universal access, in which progress is defined by the per
centage of the population with convenient low-cost access to specific World 
Wide Web services, such as electronic mail, distance education, or commu
nity networks (Anderson et al., 1995). Providing electricity, hardware, and 
communications is just the beginning. Applications and services will have to 
be reengineered to meet the differing needs of the many still forgotten users. 
We must think about how electronic mail can be reshaped to accommodate 
unskilled writers and readers, while helping to improve their skills. How can 
job training and hunting be organized to serve those people with currently 
poor employment skills and transient lifestyles? How can services such as 
voting registration, motor-vehicle registration/ or crime reporting be 
improved if universal network access is assumed? 

Perhaps we can begin by redesigning interfaces to simplify common 
tasks. We can provide novel training and help methods so that using a com
puter is a satisfying opportunity, rather than a frustrating challenge. Evolu
tionary learning with level-structured interfaces would allow first-time users 
to succeed with common tasks and would provide a growth path to reveal 
more complex features. With millions of new users, improved strategies for 
filtering electronic mail, searching directories, finding information, and get
ting online assistance will be needed. Low-cost manufacturing is a central 
requirement to achieve universal access for low-income Americans or the 
many still lower-income citizens in less technologically developed nations. 
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Facile tailoring of interfaces for diverse populations could be accomplished 
with control panels that allow users to specify their national language, units 
of measurement, skill level, and 1nore. Portability to nonstandard hardware, 
accmnmodation of varying screen sizes or 1nodem speeds, and design for 
handicapped or elderly users should be com.mon practices. 

Support for increased plasticity of infonnation and services is technologi
cally possible, but attention to this area has been li1nited. Convenient selnan
tic tagging of ite1ns would enable software designers to refonnat 
presentations, to remove unnecessary infonnation selectively, or to integrate 
related materials dynan1ically to adjust to users' needs. Cmnprehensible 
software tools to support platform-independent authoring will enable Inany 
more people to contribute to the growing worldwide information infrastruc
ture, as well as to their local resources. 

Universal access is a policy issue: Common practices and a guiding 
vision are helpful to making it happen. Regulatory policies for telephones, 
television, and highways have been successful in creating near-universal 
access to these technologies, but cmnputing economics, designs, and ser
vices apparently need revision to reach a broader audience. Fears of inap
propriate intervention in free markets are legiti1nate, but commercial 
producers are likely to be major beneficiaries of universal-access policies. 
How might decision makers encourage industry to support universal access 
so as to create an expanding 1narket that also benefits producers of commer
cial products and services? 

In communities where adequate housing, sanitation, and food are still 
problems, telephones or computing are not primary needs, but the technol
ogy can still be helpful as part of an overall development plan. Community
networking technologies are being tried in well-off locales such as Taos, New 
Mexico, Seattle, Washington, and Blacksburg, Virginia, but adapting these 
designs to mountainous Nepal, urban Rio de Janeiro, or rural Botswana will 
take creative engineering, in addition to financial resources. 

A.1.2 Universal medical records 

My second hope is for improved medical record keeping. Resistance to 
changing the current paper-based approaches limits the availability of med
ical information for clinical decision 1naking, quality control, and research. It 
is a paradox that airline reservations are available around the world, cross
ing hostile political boundaries and spanning networks of competing com
panies, but your medical records are inaccessible even when they might help 
to save your life. 

A physician at any emergency room in the world should be able to review 
your history and see your most recent electrocardiogram or chest X-ray 
image within 15 seconds of your arrival, either via network or on a personal 
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datacard. The display should appear in the local language, using familiar 
units of measurement, with easy access to details and convenient links for 
electronic consultation with physicians who know you personally. 

Progress on standardizing clinical records, speeding data entry for patient 
histories, and designing effective overviews for viewing patient records 
(Color Plate B3) (Plaisant et al., 1996) could be dramatically accelerated. With 
a one-screen overview of patient histories, physicians could quickly spot 
previous surgeries or chronic diseases that might affect current decisions. 
Privacy protection, patient rights, and cost contain1nent are serious concerns, 
but the potential for improved health care and reduced costs is compelling. 

Further benefits of online medical records include assistance in formulat
ing treatment plans and clinical research. Imagine if your physician were 
able to review the past year's outcomes for potential treatment plans in a 
sample of 10,000 patients who had your diagnosis? Imagine if scientists were 
able to study case histories retrospectively to support research on treatment 
plans and associated clinical outcomes? 

With careful attention to personal privacy and costs, online 1nedical 
records can become the basis for improved accountability of individual 
physicians and health-management organizations, as well as of improved 
medical understanding. Physicians may resist such visibility of their deci
sions, but objective comparisons with peer performance seem preferable to 
the current complexity and cost of malpractice litigation. 

A.1.3 Universal educational support 

Education is the hope of civilization. Computing is already dramatically 
altering education, but it is not enough to teach children about surfing the 
net-we must also teach them about making waves (Shneiderman, 1993). 
Finding information is useful only if students have a meaningful goal and a 
chance to influence their world. 

My approach combines education with social benefit and authentic 
experiences to teach students how to participate in workgroups, political 
systems, and communities. Powerful information technologies enable stu
dents to collaborate effectively in constructing meaningful results that ben
efit someone outside the classroom. These action-oriented and authentic 
service projects done in teams produce a high level of motivation among 
students and give them the satisfaction of helping other people while 
learning. 

A favorite student project involved a team that was interested in comput
ing for the elderly. They read the literature, made a plan, brought computers 
to a nearby nursing home, and trained the elderly residents for several 
weeks. Then, their final report was written to the director of the home, with 
a well-reasoned plan for what might be done and pointers to helpful organi-
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zations. Another project set up a database syste1n for a charitable organiza
tion that continues to manage volunteer and donor lists with more than 
20,000 names. 

Student projects could be educationally oriented, such as writing an 
online textbook for their course or developing an Encyclopedia of X, where X 
is a variable in their discipline. Creating services for other groups is com
pelling to students and is in harmony with the efforts in 1nany states, such as 
Maryland, which requires 60 hours of cmnmunity service for high-school 
graduation. 

This relate-create-donate approach enlivens the educational process, 
pushes students to learn the relevant fundamentals, and encourages them to 
strive for practical goals (Denning, 1992). I'm encouraged by reports from 
other educators who have replicated and adapted this strategy fron1. eleinen
tary schools (fifth graders creating a multimedia course on the animals of 
Africa for third graders) to graduate business schools (M.B.A. candidates set 
up web pages for two dozen campus and community groups). 

Current technologies provide support for relate-create-donate styles of 
education, but four phases of creative work could be improved with 
advanced technology: 

1. Reliable retrieval of existing knowledge relevant to team projects 

2. Creative activities with brainstorming tools, simulation modeling, 
design exploration, and authoring tools 

3. Consultation with peers and experts using convenient group-support 
tools 

4. Dissemination of results through community-information tools 

Imagine online science festivals in which student projects could build on 
one another over the years. New student teams could view previous pro
jects, conduct research, and develop creative contributions, while consulting 
with other teams who are working on related problems or with professional 
scientists. The results could be reviewed by award panels, disseminated to 
interested people, and posted for future students. 

Resistance to team projects is natural from faculty who have never had the 
experience themselves, but many are learning to guide computer-mediated 
team projects. The shift from "sage on the stage" to "guide on the side" is a 
challenge, and finding appropriate team projects plus management strate
gies takes experience. Those educators who succeed are enthusiastic about 
the power of collaboration and the thrill of intense experiences. 

Taking responsibility for the future is a substantial challenge. It is my sin
cere belief that we, as computing professionals, should accept the challenge 
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to look beyond the technology and to create a vision that inspires action. If 
we do so, we may be well remembered by history. 

There are so many important problems to solve that there is room for 
everyone to contribute: jobs can be m_ore rewarding, communities can be 
safer, and lives can be happier. Each one of us can 1nake a difference. 

Universal access to computing technology, universal medical records, and 
universal educational support are 1ny ambitious hopes. There are surely 
other hopes and visions that can steer computing toward higher societal ben
efits, while providing unlimited challenges for researchers, entrepreneurs, 
and practitioners. For those people who feel inspired and wish to contribute, 
the tin1e to begin is now and the leader to look to is you. 

A.2 Ten Plagues of the Information Age 

The real question before us lies here: do these instruments further life and enhance its 
values, or not? 

Mumford, Technics and Civilization, 1934 

It would be naive to assume that widespread use of computers brings only 
benefits. There are legitimate reasons to worry that increased dissemination 
of computers might lead to a variety of oppressions-personal, organiza
tional, political, or social. People who fear computers have good reason for 
their concerns. Computer-system designers have an opportunity and a 
responsibility to be alert to the dangers and to make thoughtful decisions 
about reducing the dangers they apprehend (Huff and Finholt, 1994). Here, 
then, is a personal list of potential and real dangers from use of computer 
systems: 

1. Anxiety 

Many people avoid the computer or use it with great anxiety; they suffer 
from computer shock, terminal terror, or network neurosis. Their anxieties 
include fear of breaking the machine, worry over losing control to the 
computer, trepidation about appearing foolish or incompetent ("com
puters make you feel so dumb"), or more general concern about facing 
something new. These anxieties are real, should be acknowledged rather 
than dismissed, and can often be overcome with positive experiences. 
Can we build improved user interfaces and systems that will reduce or 
eliminate the current high level of anxiety experienced by many users? 
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2. Alienation 

As people spend 1nore time using c01nputers, they may become less con
nected to other people (Sheridan, 1980). Computer users as a group are 
more introverted than are other people, and increased time with the 
computer may increase their isolation. One psychologist (Brod, 1984) 
fears that computer users c01ne to expect rapid performance, yes-no or 
true-false responses, and a high degree of control not only from their 
machines but also fron1. their friends, spouses, and children. The dedi
cated video-ga1ne player who rarely com1nunicates with another person 
is an extre1ne case, but what happens to the e1notional relationships of a 
person who spends two hours per day dealing with electronic mait 
rather than chatting with colleagues or fa1nily n1.e1nbers (Kraut et al., 
1996)? Can we build user interfaces that encourage Inore constructive 
human social interaction? 

3. Information-poor minority 

Although some utopian visionaries believe that computers will elilni
nate the distinctions between rich and poor or will right social injustices, 
often c01nputers are just another way in which the disadvantaged are 
disadvantaged (Friedman and Nissenbau1n, 1996). Those people who 
are without computer skills may have a new reason for not succeeding 
in school or not getting a job. Already, great disparity exists in the distri
bution of educational c01nputers. The high-inco1ne school districts are 
considerably more likely to have computer facilities than are the poorer 
school districts. Access to information resources is also disproportion
ately in the hands of the wealthy and established social com1nunities. 
Can we build systems that empower low-skilled workers to perform at 
the level of experts? Can we arrange training and education for every 
able member of society? 

4. Impotence of the individual 

Large organizations can become impersonal because the cost of han
dling special cases is great. Individuals who are frustrated in trying to 
receive personal treatment and attention may vent their anger at the 
organization, the personnel they encounter, or the technology that liln
its rather than enables. People who have tried to find out the current 
status of their social-security accounts or tried to have banks explain 
accounting discrepancies are aware of the problems, especially if they 
have language or hearing deficits, or other physical or cognitive handi
caps. Interactive computer systems can be used to increase the influ
ence of individuals or to provide special treatment, but this application 
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requires alert comn1.itted designers and sy1npathetic managers. How 
can we design so that individuals will feel rnore en1.powered and self
actualized? 

5. Bewildering complexity and speed 

The tax, welfare, and insurance regulations developed by computer
based bureaucracies are so cmnplex and fast changing that it is 
extren1.ely difficult for individuals to keep up and to 1nake informed 
choices. Even knowledgeable cmnputer users are often overwhehned by 
the torrent of new software packages, each with hundreds of features 
and options. The presence of computers and other technologies can mis
lead managers into believing that they can deal with the complexities 
that they are creating. Rapid computer syste1ns becmne valued, speed 
dmninates, and 1nore features are seen as preferable. This situation is 
apparent in nuclear-reactor control roon1.s, where hundreds of brightly 
lit annunciators overwhehn operators when indicating failures. Simplic
ity is a shnple-but too often ignored-principle. Stern adherence to 
basic principles of design n1.ay be the only path to a safer, saner, silnpler, 
and slower world where hurnan concerns predmninate. 

6. Organizational fragility 

As organizations cmne to depend on n1.ore complex technology, they can 
becmne fragile. When breakdowns occur, they can propagate rapidly 
and can halt the work of many people. With computer-based airline tick
eting, telephone switching, or deparhnent-store sales, cmnputer failures 
can mean i1nmediate shutdowns of service. A more subtle example is 
that cmnputer-based inventory control may eliminate or dramatically 
reduce stock on hand, after which disruptions spread rapidly. For exam
ple, a strike in a ball-bearing plant can force the closure of a distant auto
mobile assembly line within a few days. Computers can cause 
concentration of expertise, and then a small nu1nber of people can dis
rupt a large organization. Can developers anticipate the dangers and 
produce robust designs? 

7. Invasion of privacy 

The widely reported threat of invasion of privacy is worrisome because 
the concentration of information and the existence of powerful retrieval 
systems make it possible to violate the privacy of many people easily 
and rapidly. Of course, well-designed computer systems have the poten
tial of becoming 1nore secure than paper systems if managers are dedi
cated to privacy protection. Airline, telephone, bank, medicat legal, and 
employment records can reveal much about an individual if confiden-

0621



A.2 Ten Plagues of the Information Age 595 

tiality is cmnpromised. Can 1nanagers seek policies and syste1ns that 
increase rather than reduce the protection of privacy in a computer
based organization? 

8. Unemployment and displacement 

As automation spreads, productivity and overall employment may 
increase, but some jobs may become less valued or eliminated. Retrain
ing can help smne em.ployees, but others will have difficulty changing 
lifethne patterns of work. Displacement may happen to low-paid clerks 
or highly paid typesetters whose work is automated, as well as to the 
bank vice-president whose mortgage-loan decisions are now made by an 
expert syste1n. Can e1nployers develop labor policies that ensure retrain
ing and guarantee jobs? 

9. Lack of professional responsibility 

Faceless organizations may respond impersonally to, and deny responsi
bility for, problems. The cmnplexity of technology and organizations 
provides mnple opportunities for employees to pass the blame on tooth
ers or to the computer: "Sorry, the cmnputer won't let us loan you the 
library book without your machine-readable card." Will users of medical 
diagnostic or defense-related systems be able to escape responsibility for 
decisions? Will computer printouts become more trusted than a person's 
word or a professional's judgment? Complex and confusing systems 
enable users and designers to blame the machine, but with hnproved 
qesigns, responsibility and credit will be given, and will be accepted by 
the users and designers. 

10. Deteriorating image of people 

With the presence of intelligent terminals, smart 1nachines, and expert sys
tems, it seems that the machines have indeed taken over human abilities. 
These misleading phrases not only generate anxiety about computers, 
but also may undermine the image that we have of people and their 
abilities. Some behavioral psychologists suggest that we are little more 
than machines; some artificial-intelligence workers believe that the 
automation of many human abilities is within reach. The rich diversity 
of human skills, the generative or creative nature of daily life, the emo
tional or passionate side of human endeavor, and the idiosyncratic imag
ination of each child seem lost or undervalued (Rosenbrock, 1982). 
Rather than be impressed by smart machines, accept the misguided pur
suit of the Turing test, or focus on cmnputational skills in people, I 
believe that we should recognize that designs that empower users will 
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increase users' appreciation of the richness and diversity of unique 
hu1nan abilities. 

Undoubtedly, more plagues and problems exist. Each situation is a small 
warning for the designer. Each design is an opportunity to apply c01nputers 
in positive, constructive ways that avoid these dangers. 

A.3 Prevention of the Plagues 

People who are so fascinated by the computer's lifelike feats-it plays chess! it writes 
poetry!-that they would turn it into the voice of omniscience, betray how little 
understanding they have of either themselves, their mechanical-electrical agents or 
the potentialities of life. 

Lewis Mumford, The Myth of the Machine, 1970 

There is no sure vaccine for preventing the 10 plagues that we discussed. 
Even well-intentioned designers can inadvertently spread them, but alert, 
dedicated designers whose consciousness is raised can reduce the dangers. 
The strategies for preventing the plagues and reducing their effects include 
the following: 

• Human-centered design Concentrate attention on the users and on the 
tasks that they must accomplish. Make users the center of attention and 
build feelings of competence, mastery, clarity, and predictability. Con
struct well-organized menu trees, provide meaningful structure in 
command languages, present specific and constructive instructions 
and messages, develop uncluttered displays, offer informative feed
back, enable easy error handling, ensure appropriate display rates and 
response time, and produce comprehensible learning materii:tls. 

• Organizational support Beyond the software design, the organization 
must also support the user. Explore strategies for participatory design 
and elicit frequent evaluation and feedback from users. Techniques 
include personal interviews, focus groups, online surveys, paper ques
tionnaires, and online consultants or suggestion boxes. 

• Job design European labor unions have been active in setting rules for 
computer users to prevent the exhaustion, stress, or burnout caused by 
an electronic sweatshop. Rules might be set to limit hours of use, to guar
antee rest periods, to facilitate job rot~tion, and to support education. 
Similarly, negotiated 1neasures of productivity or error rates can help to 
reward exemplary workers and to guide training. Monitoring or meter-
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ing of work must be done cautiously, but both managers and einploy
ees can be beneficiaries of a thoughtful plan. 

• Education The complexity of modern life and computer systems 
makes education critical. Schools and colleges, as well as employers, all 
play a role in training. Special attention should be paid to continuing 
education, on-the-job training, and teacher education. 

• Feedback and rewards User groups can be more than passive observers. 
They can ensure that system failures are reported, that design improve
ments are conveyed to managers and designers, and that manuals and 
online aids are reviewed. Silnilarly, excellence should be acknowledged 
by awards within organizations and through public presentations. Pro
fessional societies in computing might promote awards, si1nilar to the 
awards of the American Institute of Architects, the Pulitzer Prize Coin
mittee, or the Academy of Motion Picture Producers. 

• Public consciousness raising Informed consumers of personal cOinput
ers and users of commercial systems can benefit the entire community. 
Professional societies, such as the ACM and the IEEE, and user groups 
can play a key role through public relations, consumer education, and 
professional standards of ethics. 

• Legislation Much progress has been made with legislation concerning 
privacy, right of access to infonnation, and computer crime, but 1nore 
work remains. Cautious steps toward regulation, work rules, and stan
dardization can be highly beneficial. Dangers of restrictive legislation 
do exist, but thoughtful legal protection will stimulate development 
and prevent abuses. 

• Advanced research Individuals, organizations, and governments can 
support research to develop novel ideas, to minimize the dangers, and 
to spread the advantages of interactive systems. Theories of user cogni
tive behavior, individual differences, acquisition of skills, visual per
ception, and organizational change would be helpful in guiding 
designers and implementers. 

A.4 Overcoming the Obstacle of Animism 

Unlike machines, human minds can create ideas. We need ideas to guide us to 
progress, as well as tools to implement them .... Computers don't contain "brains" 
any more than stereos contain musical instruments .... Machines only manipulate 
numbers; people connect them to meaning. 

Penzias, 1989 
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The en1ergence of computers is one of the fundamental historical changes. 
Such upheavals are neither all good nor all bad, but rather are an amalgam of 
many individual decisions about how a technology is applied. Each designer 
plays a role in shaping the direction. The computer revolution has passed its 
infancy, but there is still tremendous opportunity for change. 

The metaphors, images, and names chosen for systems play a key role in the 
designers' and the users' perceptions. It is not surprising that many computer
system designers still 1nimic human or animal forms. The first attempts at 
flight imitated birds, and the first designs for microphones followed the shape 
of the human ear. Such primitive visions may be useful starting points, but suc
cess comes 1nost rapidly to people who 1nove beyond these fantasies and apply 
scientific analyses. Except for amusement, the goal is never to mimic the 
human form, but rather is to provide effective service to the users in accom
plishing their tasks. 

Lewis Mumford, in his classic book, Technics and Civilization (1934), char
acterized the problem of "dissociation of the animate and the mechanical" as 
the "obstacle of animism." He described Leonardo da Vinci's attempt to 
reproduce the motion of birds' wings, then Ader's batlike airplane (as late as 
1897), and Branca's steam engine in the form of a human head and torso. 
Mumford wrote: "The most ineffective kind of machine is the realistic 
mechanical imitation of a 1nan or another animal ... for thousands of years 
animism has stood in the way of ... development." 

Choosing human or animal forms as the inspiration for some projects is 
understandable, but significant advances will come more quickly if we rec
ognize the goals that serve human needs and the inherent attributes of the 
technology that is employed. Hand-held calculators do not follow human 
forms, but serve effectively for doing arithmetic. Designers of championship 
chess-playing progrmns no longer imitate human strategies. Vision-systems 
researchers realized the advantages of radar or sonar range finders and 
retreated from using humanlike stereo depth-perception cues. 

Robots provide an informative case study. Beyond stone idols and voodoo 
dolls, we can trace modern robots back to the devices built by Pierre Jacquet
Droz, a Swiss watchmaker, from 1768 to 1774. The first child-sized mechani
cal robot, called the Scribe, could be programmed to write any message up to 
40 characters long. It had commands to change lines, to skip a space, or to 
dip the quill in the inkwell. The second, called the Draughtsman, had a 
repertoire of four pencil sketches: a boy, a dog, Louis XV of France, and a pair 
of portraits. The third robot, the Musician, performed five songs on a work
ing pipe organ and could operate for 1.5 hours on one winding. These robots 
made their creators famous and wealthy, since they were in great demand at 
the courts of the kings and in public showings. Eventually, however, printing 
presses became more effective than the Scribe and the Draughtsman, and 
tape players and phonographs were superior to the Musician. 

0625



A.4 Overcoming the Obstacle of Animism 599 

Robots of the 1950s included electronic components and a metallic skin, 
but their designs were also strongly influenced by the human form. Robot 
arms were of the same dimension as human arms and the hands had five fin
gers. Designers of modern robots have finally overcome the obstacle of ani
Inisln and now construct arms whose dimensions are appropriate for the 
steel and plastic technology and for the tasks. Two fingers are more common 
than five on robot hands, and the hands can often rotate more than 270 
degrees. Where appropriate, fingers have been replaced by rubber suction 
cups with vacuum pumps to pick up parts. 

In spite of these improvements, the metaphor and terminology of human 
form can still mislead the designers and users of robots. Program1ners of one 
industrial robot were so disturbed by the labels "upper arm" and "lower 
arm" on the control panel that they scratched out the words. They thought 
that the anthropomorphic terms misled their intuitions about how to pro
gram the robot (McDaniel and Gong, 1982). The terms programmable manipu
lators and the broader flexible manufacturing systems are less exciting, but 
describe more accurately the newer generation of robotic syste1ns. 

The banking machine offers a simple example of the evolution frmn 
anthropomorphic imagery to a service orientation. Early syste1ns had such 
names as Tillie the Teller or Harvey Wallbanker and were programmed with 
such phrases as "How can I help you?" These deceptive images rapidly gave 
way to a focus on the computer technology, with such names as the Electronic 
Teller, CompuCash, Cashmatic, or CompuBank. Over time, the em.phasis has 
moved toward the service provided to the user: CashFlow, Money Exchange, 
24-Hour Money Machine, All-Night Banker, and Money Mover. 

The computer revolution will be judged not by the complexity or power 
of technology, but rather by the service to human needs. By focusing on 
users, researchers and designers will generate powerful yet simple systems 
that permit users to accomplish their tasks. These tools will enable short 
learning times, rapid performance, and low error rates. Putting users' 
needs first will lead to more appropriate choices of system features, giving 
users a greater sense of mastery and control, and the satisfaction of 
achievement. At the same time, users will feel increased responsibility for 
their actions and may be more motivated to learn about the tasks and the 
interactive system. 

Sharpening the boundaries between people and computers will lead to a 
clearer recognition of computer powers and human reasoning (Weizen
baum, 1976; Winograd and Flores, 1986). Rapid progress will occur when 
designers accept that human-human communication is a poor model for 
human-computer interaction. People are different from computers, and 
human operation of computers is vastly different from human relationships. 
Vital factors that distinguish human behavior include the diversity of skills 
and background across individuals; the creativity, imagination, and inven-
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tiveness incorporated in daily actions; the emotional involvement in every 
act; the desire for social contact; and the power of intention. 

Ignoring these primitive but enduring aspects of humanity leads to inap
propriate technology and to hollow experiences. Embracing these aspects 
can bring about powerful tools, joy in learning, the capacity to realize goals, 
a sense of accomplishment, and increased social interaction. 

Although designers may be attracted to the goal of making impressive and 
autonomous machines that perform tasks as well as humans do, realizing this 
goal will not provide what most users want. I believe that users want to have 
sense of their own accomplishment, rather than to admire a smart robot, intelli
gent agent, or expert system. Users want to be empowered by technology to 
apply their knowledge and experience to make judgments that lead to 
improved job performance and greater personal satisfaction. Sometimes, pre
defined objective criteria can be applied to a task, but often human values must 
be applied and flexibility in decision making is a necessity. 

Some examples may help us to clarify this issue. Doctors do not want a 
machine that does medical diagnosis; rather, they want a machine that enables 
them to make a more accurate, reliable diagnosis; to obtain relevant references 
to scientific papers or clinical trials; to gather consultative support rapidly; 
and to record that support accurately. Similarly, air-traffic or manufacturing 
controllers do not want a machine that automatically does their job; rather 
they want one that increases their productivity, reduces their error rates, and 
enables them to handle special cases or emergencies effectively. I believe that 
an increase in personal responsibility will result in improved service. 

A.S In the Long Run 

How do we use the power of technology 
without adapting to it so completely 
that we ourselves behave like machines, lost in the levers and cogs, 
lonesome for the love of life, 
hungry for the thrill of directly 
experiencing the vivid intensity of the 
ever-changing moment? 

AI Gore, Earth in the Balance, 1992 

Successful interactive systems will bring ample rewards to the designers, but 
widespread use of effective tools is only the means to reach higher goals. A 
computer system is more than a technological artifact: Interactive systems, 
especially when linked by computer networks, create human social systems .. 
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As Marshall McLuhan pointed out, "the medium is the message," and there
fore each interactive system is a message from the designer to the user. That 
message has often been a harsh one, with the underlying ilnplication that the 
designer does not care about the user. Nasty error messages are obvious 
manifestations; cmnplex menus, cluttered screens, and confusing dialog 
boxes are also sentences in the harsh message. 

Most designers want to send a more kind and caring message. Designers, 
ilnplen'lenters, and researchers are learning to send wanner greetings to the 
users with effective and well-tested systems. The message of quality is com
pelling to the recipients and can instill good feelings, appreciation for the 
designer, and the desire to excel in one's own work. The capacity for excel
lent syste1ns to instill cmnpassion and connection was noted by Sterling 
(197 4) at the end of his guidelines for information systems: "In the long run 
what may be important is the texture of a systen'l. By texture we 1nean the 
quality the system has to evoke in users and participants a feeling that the 
system increases the kinship a1nong people." 

At first, it 1nay seem remarkable that computer systems can instill a kin
ship among people, but every technology has the potential to engage people 
in cooperative efforts. Each designer can play a role-not only that of fight
ing for the users, but also that of nurturing, serving, and caring for them. 

A.6 Practitioner's Summary 

High-level goals might include world peace, excellent health care, adequate 
nutrition, accessible education, communication, freedom of expression, sup
port for creative exploration, safety, and socially constructive entertainment. 
Computer technology can help us to attain these high-level goals if we 
clearly state measurable objectives, obtain participation of professionals, and 
design effective human-computer interfaces. Design considerations include 
adequate attention to individual differences among users; support of social 
and organizational structures; design for reliability and safety; provision of 
access by the elderly, handicapped, or illiterate; and appropriate user-con
trolled adaptation. 

A.7 Researcher's Agenda 

The goals of universal access, advanced applications for life services, and 
tools to support innovation contain enough ambitious research projects for a 
generation. Medical information, education, and community networks are 
the most appealing candidates for early research, because the impact of 
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changes could be so large. If we are to provide novel services to diverse 
users, we need effective theories and rigorous empirical research to achieve 
ease of learning, rapid performance, low error rates, and good retention over 
tin'le, while preserving high subjective satisfaction. 

www 
Organizations dealing with ethics, social impact, and public policy 
are doing their best to rnake c01nputing and information services as 
helpful as possible. Ways for you to become an activist are also 
included. 

http://www.aw.com/DTUI 
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StrategiesJor lfffective Human-Computer Interaction 

Third Edition 
Ben Shneiderman, University qf Maryland 

In revising this popular book, Ben Shneiderman again provides a complete, current, and 
authoritative introduction to user-interface design. The user interface is the part of every 
computer system that determines how people control and operate that system. When the 
interface is well designed, it is comprehensible, predictable, and controllable; users feel com
petent, satisfied, and responsible for their actions. Shneiderman discusses the principles and 
practices needed to design such effective interaction. 

Based on 20 years experience, Shneiderman offers readers practical techniques and guide
lines for interface design. He also takes great care to discuss underlying issues and to sup
port conclusions with empirical results. Interface designers, software engineers, and product 
managers will find this book an invaluable resource for creating systems that facilitate rapid 
learning and performance, yield low error rates, and generate high user satisfaction. 

Coverage includes the human factors of interactive software (with a new discussion of diverse 
user communities), tested methods to develop and assess interfaces, interaction styles such 
as direct manipulation for graphical user interfaces, and design considerations such as effec
tive messages, consistent screen design, and appropriate color. 

of 

• New chapters on the World Wide Web, information visualization, and 
computer -supported cooperative work 

• Expanded and earlier coverage of development methodologies, 
evaluation techniques, and user-interface-building tools 

• Thought-provoking discussion of speech input-output, natural-language 
interaction, anthropomorphic design, virtual environments, and agents 

• An associated Web site that provides additional illustrations and examples, 
updates, and links to useful resources: http://www.aw.com /DTUI 

Ben Shneiderman is a professor of compute~: science at the University of Maryland, where 
he heads the Human-Computer Interaction Laboratory. A pioneer in user-interface design, he 
is known throughout the world for his research and writing. You can learn more about him, 
and about this book, from the DTUI Web site. 
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