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The vast amount of information available through the Web has made it difficult to re-
trieve information relevant to a specific task. To help ensure that users’ interactions
with a system are successful, preparation of content and its presentation to users must
take into account (a) what information needs to be extracted, (b) the way in which this
information should be stored and organized, (c) the methods for retrieving the infor-
mation, and (d) how the information should be displayed. The goal of this article is to
discuss the generic problems facing content preparation and evaluate the current
methods available to help remedy them, as well as identify areas in which more re-
search is needed. The material presented in this article was a result of the collective ef-
forts of the participants of a special “white paper” session that was part of the 9th Inter-
national Conference on Human–Computer Interaction (HCI International 2001).

1. INTRODUCTION

The information age expanded significantly with the development of the modern
Internet. The Internet makes it possible for a wide range of users to access any avail-
able information at any time and from anywhere. The information on the Web
ranges from personal homepages to consumer information, catalogs of products,
and large databases. With personal homepages, the amount of information con-
tained is usually small, and the users know the information that they would like to
make available to others. As a result, there is not much cost for personal homepages
to be designed according to individual preferences. However, for sites that contain a
large amount of data intended for access by a range of users, or even a targeted
group of users, the way in which information is organized and displayed is vital.
For some cases, such as a library catalog, the organization and structure of informa-
tion, as well as the type of information that should be displayed, is straightforward:
The information in the library catalog should be available by author, topic, call num-
ber, title, and so on. Although the usability of accessing the online catalog can be
greatly affected by the way in which the Web pages are designed, there is little issue
about what information needs to be conveyed.

Unlike the library catalog, many systems and Web sites contain material that can-
not be readily classified into well-established, distinct, and limited topics for search.
Furthermore, for these systems and Web sites, the way in which the content is pre-
pared, organized, and retrieved is often of extreme importance. Consequently, the
contentdesignermayplayanintegralrole inthesuccessorfailureofsuchsystems.To

26 Proctor et al.

The current article is based, in its entirety, on information derived from participants invited to a spe-
cial session at the 9th International Conference of Human–Computer Interaction International (HCI In-
ternational 2001). The session was organized by Robert Proctor, Kim Vu, and Gavriel Salvendy. The orga-
nizers wrote the initial draft of the paper based on discussions from the white paper session. The draft
was sent to all participants for their input regarding its contents, and comments and material that they
provided were integrated into the manuscript. Subsequent drafts were also circulated for additional
comments. Thus, the article integrates and reflects the various viewpoints of the participants.

Portions of this article incorporate information presented in the proceedings papers authored by the
participants. The participants are listed in alphabetical order, and a brief description of each participant
is included in the Appendix.

The “white paper session” was funded by Siemens. We thank Heidi Krömker for her support.
Requests for reprints should be sent to Robert W. Proctor, Department of Psychological Sciences,

Purdue University, West Lafayette, IN 47907–1364. E-mail: proctor@psych.purdue.edu



help ensure that users’ interactions with these systems are successful, the primary
goals of the content designer and of content preparation in general should be to de-
termine (a) what information needs to be extracted, (b) the way in which this infor-
mation should be stored and organized, (c) the best methods for retrieving the
information, and (d) how the information should be displayed (see Figure 1).

Today, the traditional issues associated with the efficiency of information re-
trieval have expanded enormously. With the advent of the Internet and Web-based
storage systems, the information stored can be linked to different locations within
the system (e.g., getting to the homepage from any Web page within the site), ac-
cessed by multiple users, or converted into a different platform (e.g., retrieving
e-mail stored on a server using a personal computer or personal data assistant). Al-
though the flexibility of the Internet allows information to be available and accessi-
ble in more than one way, there are drawbacks. For example, the amount of
information available through the Web has made it more difficult to retrieve infor-
mation relevant to a specific task, and the format in which the information is dis-
played in one platform may not be optimal for another platform.

1.1. How is Content Currently Organized and Presented?

Currently, there is no standardized way to organize and present information on the
Web. Therefore, there is often a noticeable range in the quality of information orga-
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nization and presentation. Cymfony (2001) indicated that 70% of business data
(e-mails, faxes, memos, Web sites, etc.) consists of unstructured text and that this
percentage is increasing each year. Due to the inefficient structure of the informa-
tion, users may waste a lot of time and energy searching for specific items. For in-
stance, Cymfony also estimated that 53% of initial data searches do not yield the de-
sired information. Furthermore, it has been shown that users looking for a desired
item on e-commerce Web sites cannot find it 36% of the time (Nielsen & Tahir, 2001).
Given the high rate of unsuccessful searches, improving the hit rate may increase
sales significantly. The bottom line is simple—e-commerce sites cannot sell prod-
ucts if users cannot find the products within their Web sites. The implication is that
companies that are able to organize and structure information in a way that pro-
motes efficient and effective retrieval will save time and money, promote customer
satisfaction and continued business, and get an advantage over their competitors.

One way to improve a system design and guarantee more successful retrieval of
information is through usability engineering. Usability engineering has evolved to
ensure that human–interactive systems are intuitive, effective, and subjectively
acceptable to users (Nielsen, 1993). Although the ideal approach to usability
engineering is to consider these objectives from the inception of the system devel-
opment process, usability may be evaluated in the later development stages or may
focus on existing systems. Usability testing is the evaluation of the ease with which
humans can use a system (Nielsen, 1997b). It is probably the most well-known
method for assessing the adequacy of systems in terms of their compatibility with
the characteristics of the potential users and effectiveness in helping users achieve
their goals.

Through usability testing, substantial knowledge has been gained about aspects
of human–computer interaction (HCI) such as how to design interfaces to accommo-
date the capabilities of humans and to optimize human performance. The benefits of
usability testing include but are not limited to the following: reduced system rede-
signcosts, increasedsystemproductivity,enhancedusersatisfaction,decreaseduser
training, and decreased technical support (Nielsen, 1993). Improving usability can
alsoimprovesales.Whentheusabilityof theirsiteswasimproved, IBMfounda400%
increase in sales (Tedeschi, 1999), and Digital Equipment Corporation reported an
80% increase in revenue (Wixon & Jones, 1992). One study (Creative Good,
1999–2001) estimated that improving the customer experience increases the number
of buyers by 40% and increases order size by 10%. The initial and continuous prepa-
ration and design of Web page information is critical to the success of Web sites.

1.2. General Trends in Content Preparation and Management

Numerous companies have begun to note this need for content preparation, and a
new emphasis on providing content preparation services is emerging. Companies
providing services in this and related areas include the following: Interwoven,
Documentum, Verity, and Vignette. Brief descriptions about their content prepara-
tion and management services, taken from the individual Web sites of these compa-
nies, are provided to illustrate the development of this service:
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• Interwoven: “Interwoven is the leader in Content Infrastructure systems
and services for the enterprise Web. Interwoven’s flagship product, TeamSite,
manages the development and deployment of business-critical Web sites.
TeamSite currently powers such renowned eBusiness sites as Cisco Systems,
General Electric, Xerox, and the U.S. Department of Education … . Interwoven
provides the infrastructure that supports electronic commerce, customer relation-
ship management, supply-chain management and knowledge management”
(http://www.interwoven.com/company/).

• Documentum: “Documentum 4i™ eBusiness Platform is the industry stan-
dard for managing and distributing large volumes of content within and beyond
the enterprise. Based on long-standing expertise for managing electronic content,
Documentum 4i™ provides an open, scalable, and completely reliable platform
for building and deploying e-business solutions, enabling collaborative portals,
meeting regulatory requirements, and powering global Web sites”
(http://www.documentum.com/products/content-management_products.html).

• Verity: “Through the Verity Webtop—the convenient, single point of access to
information enterprise-wide—users and administrators can personalize the
sources, layout and delivery of content … . Portals powered by Verity feature the
most precise and accurate search, navigate and view capabilities available—the
backbone of any effective portal solution … . Enhancing this advanced search is intu-
itive navigation that lets users browse through familiar directories or limit searches
tospecificcategories”(http://www.verity.com/pdf/MK0360_CorporateBro.pdf).

• Vignette: “Vignette’s software enables organizations to

• Manage and deliver relevant, timely content to communicate effectively us-
ing any electronic customer touch-point.

• Integrate e-business applications to collaborate within and among enter-
prises to meet real-time customer demand.

• Analyze the customer’s online experience to comprehend and adapt to their
changing needs.”

(http://www.vignette.com/CDA/Site/0,2097,1–1-1329–2056,00.html?vgn_rms_id=8_10).
As the aforementioned descriptions convey, content preparation and manage-

ment will be of extreme importance to any organization, especially for those rely-
ing on Web access.

1.3. Purpose

Although there has been an increased interest in the area of content preparation and
management, along with initial efforts to develop tools to combat problems associ-
ated with poor organization and retrieval of information, the currently available
mechanisms are not fully developed or adequate. Current issues include, among
others, the following: Web sites are not designed in a consistent manner (e.g., navi-
gation), many Web sites do not utilize established guidelines to improve usability,
search engines yield results that are irrelevant, information posted on the Web may
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be inaccurate or unavailable, and the download time for many Web pages is longer
than what the user will tolerate.

The purpose of this “white paper” is to discuss the generic problems facing con-
tent preparation and to evaluate the current methods available for minimizing or
eliminating these problems. Although the area of content preparation and manage-
ment is broad and applicable to any organization, we place most emphasis on con-
tent preparation for e-business and Web design to narrow the focus. E-business is
defined as business-to-consumer and business-to-business commerce using elec-
tronic media for exchange. E-business also includes information exchange within
organizations (called intranets) and between organizations (extranets). Four areas
are considered relating to content preparation and management: knowledge elici-
tation, organization and structure of information, retrieval of information (search
engines), and presentation of information. Within these areas, an attempt to answer
the following three questions is made:

1. What are current issues pertaining to content preparation and management?
2. What are the methods that are currently being used?
3. On what topics or areas should future research focus?

2. KNOWLEDGE ELICITATION

One reason why finding relevant information on the Web or in large databases is dif-
ficult is that the systems are not programmed to “know” what information should be
extracted for the various possible uses and how to extract this information. One solu-
tion to this problem is to consult experts in the field to determine what information is
needed and how it should be structured and displayed. Knowledge elicitation in-
volves identifyingtheknowledgestructuresandprocesses thatcompetent individu-
alsbringtotaskperformanceinadomain(Lehto,Boose,Sharit,&Salvendy,1992).

Initially, knowledge elicitation techniques were developed in the context of ex-
pert systems, which are software systems designed to solve problems in particular
domains much like experts (e.g., Sell, 1985). Consequently, the major focus of
knowledge elicitation techniques has been on extracting knowledge from experts
in a given domain, with the expectation that the expert’s knowledge is maximally
organized and tied to its conditions of use. According to Shadbolt and Burton
(1995), two questions dominate in knowledge elicitation from experts: How do we
get experts to tell us, or else show us, what they know that enables them to be ex-
perts at what they do?, and How do we determine what constitutes the expert’s
problem-solving competence? Researchers working in the field of knowledge elici-
tation can attest to the difficulties involved in getting answers to these questions.

However, advances in the cognitive sciences have produced a variety of tech-
niques that can help reveal the expert’s underlying cognitive processes and knowl-
edge structures—the components of performance that are most useful to know in
developing intelligent, interactive training systems and human–computer inter-
faces (Gott & Morgan, 2000; Shraggen, Chipman, & Shalin, 2000). These techniques
go beyond simply asking experts to verbalize the sequence of steps they follow to
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complete a task. Advanced techniques elicit, for example, why the step is executed at
a given point in time (as opposed to all the other steps that could be taken), as well as
the internalized conceptual models and strategic knowledge that experts use to
solve a problem by sequencing a series of steps in a particular way.

When the goal is to convey information to a wide range of users who vary in
their expertise, knowledge is needed not only from experts but also from the full
range of target users. Therefore, emphasis has recently been placed on eliciting
knowledge from target users, who are mostly nonexperts, to determine what infor-
mation should be conveyed to them and how it should be conveyed. In this case,
the knowledge elicitation task changes from trying to understand how experts
solve problems to trying to understand the knowledge of targeted users for the
purpose of conveying the information they desire. Developers need to consider the
knowledge structures that users bring for interacting with the system because this
knowledge will likely predict their actions.

2.1. What Are Current Issues Regarding
Knowledge Elicitation Techniques?

This section reviews the most salient issues regarding techniques for eliciting knowl-
edge from experts, novices, targeted user groups, and metadata. Furthermore, prob-
lems with eliciting, documenting, and organizing knowledge are discussed. The im-
portance of ensuring that elicited knowledge is valid is also addressed.

Eliciting Knowledge From Experts

In premodern times, an apprentice elicited knowledge from an expert by observ-
ing the expert perform tasks for many years. The more overt and observable the el-
ements of the performance, the more the task performance lent itself to traditional
forms of apprenticeship training and assessment. For example, a carpenter’s ap-
prentice could generally learn a great deal by following a conventional apprentice
practice of observing the master, executing a task with support and critique from
the master, and then continuing to practice with the master’s support, eventually
working independently. Similarly, assessment could be accomplished by evaluat-
ing observable behaviors and products of the behaviors using standards provided
by experts at the craft.

Learning through apprenticeship (as a premodern form of eliciting an expert’s
knowledge) has historically worked well, but it takes years to train one apprentice,
and this method seems to apply mainly to skills that are overtly physical, not pri-
marily cognitive. Therefore, apprenticeship as a type of knowledge elicitation
method (used by the apprentice) is not easily applied to the modern workplace,
where the desired skill to be elicited is cognitive and less physical. Internalized cog-
nitive structures and processes have replaced the external behavioral elements of
work tasks from an earlier time. Because so much of “the action” is now internal-
ized and unobservable, learning through observation has been significantly ham-
pered. No longer is it effective to focus on overt behaviors and observable end
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products. Rather, practical learning experiences and assessments for modern work
environments must be targeted at the internalized cognitive concepts and pro-
cesses that lie behind expertise (see Gott, 2001).

Because modern expertise is dominated by internalized knowledge, a major
problem for knowledge elicitation is to get experts to explain what they know and
how they use their knowledge to solve domain problems. One reason why eliciting
knowledge from experts is such a difficult task is that much of the expert’s perfor-
mance has become automatic. Once automated, expert knowledge often becomes
tacit, or implicit, making it difficult to articulate. In other words, experts may know
what to do next but cannot explain why or how they came to that conclusion. One
way to overcome this limitation of expert knowledge is to develop authentic prob-
lem-solving scenarios that experts pose to each other (where the solution is not
known in advance by the expert solver, only the poser). In the process, the expert
posing the problem questions the solving expert about articulated solution steps.
Questions would include, What other steps could be taken at this juncture?, and
Which of the possible steps is best, and why?

It has been shown that knowledge elicitation should be conducted using multi-
ple experts (usually two to four is sufficient), rather than a single expert, to avoid
individual idiosyncrasies that would not be applicable to most experts in the do-
main (Boose, 1986; Dauer, 1990; DiPiazza, 1990). Furthermore, although a group of
individuals may be experts in a domain, they generally do not execute tasks in ex-
actly the same way. Therefore, there is also the problem of integrating various ex-
pert performances to represent the broadest expert solution space. When multiple
experts are used, it is often constructive to examine the input from a dissenting ex-
pert (Boose & Bradshaw, 1988).

Eliciting Knowledge From Nonexperts

Knowledge elicitation from nonexperts has been used typically to identify nor-
mal learning progression in a given domain and to find the common barriers to ex-
pertise (Gott, 2001). By comparing the performance of experts and nonexperts on
the same task, important expert–novice skill differences can be detected. In a given
domain, the thinking that experts apply to tasks differs in fundamental ways from
the thinking of performers at less-advanced stages of development. Experts typi-
cally deploy diverse types of knowledge and skill, which interact in the prob-
lem-solving (or critical thinking) process.

Research into the nature of expertise has consistently revealed differences be-
tween expert and novice knowledge structures. For example, mental models of
novices are typically organized around the surface-level features of objects or sce-
narios in a field of practice, whereas experts have “deep structure” models (Chi,
Glaser, & Farr, 1988). Due to their limited knowledge structures or mental models,
the reasoning of novices is restricted to the superficial dimensions of a problem,
whereas experts can reason about a problem at deeper, functional levels of under-
standing. Further, on diagnostic tasks, where hypothesis testing is demanded,
studies have shown that experts distinguish themselves from novices by engaging
in forward reasoning, for example, reasoning from what is known about a medical
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condition to some unknown diagnosis (Groen & Patel, 1988). Novices, by compari-
son, often engage in backward reasoning, where they fix on a diagnosis early on
and then conduct tests (or test their hypotheses) to confirm their earlier diagnoses.
When they encounter any disconfirming evidence, they either ignore it or misinter-
pret it as support for their initial diagnosis.

Eliciting Knowledge From Targeted End Users

Although most research on knowledge elicitation with nonexperts has been di-
rected at finding differences in the way they solve problems as compared to
experts, knowledge elicitation with targeted end users can also yield valuable in-
formation. For instance, the owners of most e-commerce Web sites want to present
information in ways that will attract multiple user types. Eliciting information on
how users interact with these Web sites can give designers insight into presenting
information that is consistent with the users’ expectations. Consequently, when de-
signing based on the user experience, the process commences with exploratory
rather than definitional activities, where designers are focused on discovery and
invention (Bear, Teasley, & Carroll, 2001). Through contextual inquiries, competi-
tive analyses, and prior-art research, designers focus on the actual needs and in-
tents of target users. They identify users’ goals, desires, and behavioral patterns,
usage contexts, and competitors, as well as technology barriers (Crow & Yang,
2001). Designers can make decisions based on observations of the real behaviors of
target users (Armitage, 2001).

Stanney, Maxey, and Salvendy (1997) identified key factors that should be elic-
ited during exploratory activities. These factors include the following:

• Target users’ capabilities and limitations (both cognitive and physical).
• User requirements (e.g., situated roles and responsibilities).
• Organizational factors (e.g., interaction with customer base, social issues).
• Task requirements (e.g., cooperative task activities; critical inputs and out-

puts to a service system).
• Equipment and system specification (e.g., artifacts that support task activities).
• Environmental factors (e.g., informal practices) that the service environment

or product supports.

Through the familiarity gained by this involvement, designers can format and
lay out systems so the content presentation is appropriate for target user groups.
Unfortunately, eliciting this information can be a time-consuming and costly pro-
cess. For example, MONKEYmedia reports spending one third of its project devel-
opment time and budget on design analysis (Bear et al., 2001).

Eliciting Knowledge From Metadata

Knowledge can also be elicited from existing databases to identify and analyze
different types of trends (Welbank, 1990). Metadata are basically data about exist-
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ing data. For example, a library catalog consists of information (metadata) about
books, journals, and authors (data). Metadata can be used in a wide range of appli-
cations such as e-commerce, intelligent software agents, content rating, and cata-
loging. In e-commerce, metadata can be used to encode information for locating
products, companies and consumers, prices for products, different payment op-
tions, delivery options, and so forth. (Williams & Kotnour, 1993).

Defining Expertise

A number of problems exist in eliciting knowledge from experts. Finding and
identifyingaworld-classexpert inadomainisdifficultandoftenexpensive.Further-
more, determining who is an appropriate expert is not a simple matter. For example,
Flach (2000) noted the following on the basis of studies of laparoscopic surgery:

Who is the expert? Who is the authority with respect to the amount of anesthesia an
older patient might tolerate—the surgeon or anesthesiologist? Who is in a better posi-
tion to predict the consequences of an extended hospital stay—the surgeon, nurse, or
general practitioner? In aviation, who has the better knowledge of the performance en-
velope of a particular aircraft—the pilot or aeronautical engineer? Most complex do-
mains involve multiple experts each with different perspectives on the domain. Who
should be the target for the knowledge elicitation? (pp. 93–94)

The previous examples describe how a person may be an expert in one subset of a
domainbutnot inanothersubset.Anindividualmaybeanexpertatadomainlevel,a
task level, a strategic level, or an inference level. Moreover, different experts may
have different knowledge structures for the same domain. For example, Gillan,
Breedin, and Cooke (1992) elicited knowledge from two groups of experts in
HCI—software development experts and human factors experts. The knowledge
networksgeneratedfromcard-sortingtasks for thetwoexpertgroupswerequitedif-
ferent (see Figure 2). The human factors experts organized their concepts exclusively
byusability,andthesoftwaredesignexpertsorganizingtheirsbydimensionsrelated
to technology and implementation, as well as user characteristics.

Costs Associated With Knowledge Elicitation Techniques

The current problems with knowledge elicitation techniques outlined earlier
demonstrate the difficulty in obtaining knowledge from targeted groups (e.g., ex-
perts or end users; Boose & Gaines, 1988; Gaines & Boose, 1988; Williams &
Kotnour, 1993). Knowledge elicitation methods are usually time consuming, mak-
ing it necessary for companies to determine a cost–benefit ratio. However, compa-
nies do not always know when they should stop the process (or keep it going) to
accomplish their goals. Furthermore, because knowledge elicitation techniques
must be performed accurately to yield valid results, companies that do not have
qualified knowledge elicitation engineers or do not know what methods should be
used for a given scenario, may have to rely on consultants at an additional cost. Be-
cause many companies cannot afford the high costs associated with this process,
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FIGURE 2 Pathfinder
networks of hu-
man–computer interac-
tion concepts for
software development
experts and human fac-
tors experts. Based on
Gillan, Breedin, and
Cooke, International
Journal of Man–Ma-
chine Studies. Copy-
right (1992) by
Harcourt, Inc. Adapted
with permission.



this process may be eliminated entirely or companies just rely on knowledge elici-
tation software tools.

2.2. What Are the Existing Knowledge Elicitation Methods Being Used?

Methods for Eliciting Knowledge From Experts

Interviews. The most well-known knowledge elicitation method is an inter-
view (Shadbolt & Burton, 1995). There are basically two types of interviews: struc-
tured and unstructured. With the structured interview, the interviewer plans and di-
rects the session, and the expert generates scenarios or explanations relating to the
questions asked by the interviewer. The benefit of structured interviews is that the
content is easier to analyze because it was given in a specific context. In a typical struc-
tured interview, the interviewer usually asks the expert to describe a task that is per-
formed by the expert and the methods and strategies that are used to accomplish the
task. In some cases, the interviewer uses specific sets of probes to elicit more details or
to provide the interviewer with a better understanding of the description.

Unstructured interviews have little predetermined direction that is specified by
the interviewer. Rather, the interviewer provides the expert with the general goal of
the session and lets the expert express his or her knowledge in any manner that the
expert desires. Although the content derived from this type of interview may be
harder to analyze, the unstructured interview does not exert stringent constraints
on the interview, allowing the expert to express knowledge in a manner that is com-
fortable and consistent with the expert’s mental model. Structured and unstruc-
tured interviews are the two extremes of interview types, and the interviewer can
choose to conduct a session that is intermediate to these extremes.

Verbal protocol analysis. Protocol analysis refers to the ways in which per-
formance of experts solving problems is analyzed by having them report their
thought processes in solving the problem (Ericsson & Simon, 1984). There are two
different types of protocol analyses. The first is online protocol analysis in which the
expert “thinks aloud” while performing the task (describes what he or she is doing
andwhy),oranotherexpertprovidesadescriptionofwhat theobservedexpert isdo-
ing. Offline protocol analysis allows the expert (or other experts) to view the record-
ingofanexpert solving the task. Thismethod permits theexpert actually performing
the task to reflect on the actions the expert performed previously for the purpose of
providing a report on what the expert was thinking while performing the task. If
other experts view the video, there can be a group discussion regarding the task.

Protocol analysis requires that the knowledge elicitation engineer be familiar
with the domain for two primary reasons: (a) for the engineer to understand which
behaviors are important and should be emphasized, and (b) to select the tasks or
problems for the analysis. Although protocol analyses can yield critical informa-
tion, the verbal descriptions obtained from the expert performing the task or other
experts observing the task can be difficult to analyze. Furthermore, tasks may be
performed in superficially similar manners, yielding similar protocols, but be the
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result of different processes that are not captured by the protocol analysis (J. Karat,
1997; Nielsen, 1993; Stanney, Smith, Carayon, & Salvendy, 2001).

Group task analysis. In a group task analysis, several experts are brought to-
gether to describe what they do and to create a flow chart that represents the steps
they take to perform a specific task (Dayton, McFarland, & Kramer, 1998; Lafrehiere,
Dayton, & Muller, 1999). A group task analysis is typically facilitated by a non-
expert. The nonexpert’s role is to record the steps that the experts take when work-
ing on the task. The nonexpert clarifies each step and identifies steps that the experts
unconsciously perform automatically. In addition, the nonexpert can obtain prefer-
ence information along the way. The benefits of group task analysis include being
able to capture dynamic processes involved in performing a task and being able to
document thought processes for the task. The disadvantages are that this approach
needs to be conducted with another knowledge elicitation method, there is no re-
search validating this method, and it is developed through trial and error.

Narratives and scenarios. Narratives, or scenarios, refer to the use of stories
to elicit information from people. They are “stories about people and their activi-
ties” (Carroll, 1999, p. 123). Scenarios have characteristic elements such as a setting
(situation state), agents or actors, goals or objectives, sequence of actions and
events, and outcome. Carroll argued that scenario-based design can “promote
use-oriented reflection-in-action, suspend commitment but support progress, en-
hance work orientation, support many needs and purposes and cumulate/inte-
grate design work and results” (p. 123).

Three reasons why narrative structure may provide unique insights are as fol-
lows.First, thenarrativestructuremaybeparticularlywellsuitedtoabductiveforms
of reasoning. Peirce (1878a, 1878b) introduced the term abduction to refer to the pro-
cess or reasoning involved when one looks for a pattern in a phenomenon to suggest
a hypothesis. Abduction can be thought of as the construction of a plausible “story”
to account for a set of observations, particularly when these observations are surpris-
ing. If people reason in abductive terms, then elicitation techniques that invite opera-
tors to relate in narrative modes (i.e., to tell stories) may provide insights into the
reasoning process. Second, the narrative structure can capture elements of context
that can help to “situate” the cognitive processes. The person providing the narrative
describes the reasoning and acts in which they engaged in a specific situation. Third,
in the process of telling the stories, experts often discover dimensions of problem
solvingthathadbeenimplicit.Forexample, implicitassumptionsmayneedtobead-
dressed to produce a coherent story (e.g., Crandall & Calderwood, 1989).

One company, Info.Design, uses narratives as their primary way to collect infor-
mation. Their Web page states the following:

We use narrative as a route to improve understanding. As human beings, we look to
stories as a way to organize, interpret, and create meaning from our experiences.
Stories enable us to create a deep understanding of the complex relationships that exist
within our business communities.
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Info.Design is committed to improving understanding. We see narrative as a route to
understanding. We’ve researched reasons why narrative has traditionally been dismissed
by contemporary business, and we’ve explored ways forward-thinking businesses are re-
introducing narrative in the workplace” (http://www.infodn.com/tell.shtml).

Critical incident reports. Critical incident analysis is a type of narrative
method in which operators tell stories about specific events that tested their exper-
tise (Klein, 1999). The hope is that these stories will provide insights into the pro-
cesses involved in generating and evaluating plausible hypotheses about the nature
of an unusual phenomenon or data set, as in an emergency situation. This type of
reasoning is particularly important when a user is solving an unexpected problem.
Use of critical incident reports can help designers to better understand how experts
reason within a domain and how they search the problem space to find the appro-
priate responses to unexpected events.

Methods for Eliciting Knowledge From User Groups

Questionnaires. When designers want to elicit information from a large
group of users, questionnaires or surveys are often used. The benefits of question-
naires include being able to obtain information from different user populations and
getting information that is relatively easy to code. However, the return rate on ques-
tionnaires is typically low. Inaddition, the typesofquestionsaskedaffect thevalidity
of the questionnaire. Vu, Hanley, Strybel, and Proctor (2000) found that users’ judg-
mentsarerelativelyreliablewhentheusersarefamiliarwiththetask.However,Niel-
sen (2001a) indicated that caution should be taken when users are asked to predict
what they would do in a certain situation because their actions and verbal reports
maynotcorrespond.Furthermore,Bailey (1993)showedthatusersmayindicate that
they prefer a design that would lead to poorer performance.

Focus groups. Focus groups usually consist of 6 to 10 users who are brought
together in a session to discuss different issues regarding the features of a system.
The group is directed by a moderator, who is in charge of keeping the group on track
and getting all users involved. The benefits of focus groups include getting informa-
tion for different aspects of the system and allowing users to react to ideas presented
by other users. Focus groups have the same disadvantages as questionnaires and
other knowledge elicitation methods: What users say may not truly reflect what
they do. Users may not be able to articulate all the steps or knowledge due to auto-
mation and the tendency to summarize. Also, a single talkative individual can dom-
inate or influence the discussion. This method works well for high-level goals, such
as generating a list of functions or features for a product. It does not work well for
discovering specific usability problems in a product, such as detailed navigational
issues based on a specific user task.

Wants and needs analysis. In a wants and needs analysis, a facilitator asks
users to brainstorm about the content, or information, they want and need to have
included in an ideal system (Byrne & Barlow, 1993; Delbecq & Van den Ven, 1971;
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Graetz, Barlow, Proulx, & Pape, 1997). Once users have determined the type of in-
formation they would like the system to convey, the facilitator then asks the users to
indicate why each piece of information should be included. The results are then in-
corporated into the design process.

Observation and contextual inquiry. Observation and contextual inquiries
are methods for evaluating how users interact with a product by observing the users
in their natural surroundings (Beyer & Holtzblatt, 1998). That is, understanding the
context in which a product is used is important. The evaluator can observe users’ be-
havior directly and make notes on points of interest or use a video- or audiotape to re-
cord users’ interactions and perform analyses later. The results of these techniques
can be both qualitative and quantitative in nature (Hackos & Redish, 1998).

Ethnographic studies. Ethnographic studies seek to understand the users’
culture and their work environments, and to identify the artifacts used to accom-
plish their goals (Takahashi, 1998). Ethnographic studies derive from anthropology,
where ancient or remote cultures are studied. “Ethnography is a form of anthropo-
logical practice. It is both a methodology and a perspective … . At its core, ethnogra-
phy relies on ‘participant observation’” (Bell, 2001, p. 1). The researchers typically
start the research with the purpose of understanding the potential users and their
daily lives by “hanging out” with them (e.g., the shadowing technique). The questions
regarding specific products or evaluations are formed based on the initial under-
standing of the users’ daily lives, rather than derived ahead of time. In addition,
ethnographic studies typically take longer to conduct, with the goal of the re-
searcher being to understand the users so well that the researcher in a sense
becomes a target user. The researcher can then act accordingly even in the event of
new issues not previously encountered in the study period. The results of ethno-
graphic research are typically told via stories, pictures, audios, and videos that cap-
ture the target users and their environments. The ultimate goal is to bring the target
users to life so that the product teams have a sense of who and what the potential us-
ers are, develop empathy for them, and ultimately develop the products to fit their
needs (Fulton-Suri, 1999). This method works well for the purposes of discovering
new strategic product lines, but it takes longer and sometimes it is difficult to trans-
late the broad and diversified data into product designs.

User diary. A user diary can also be used to elicit knowledge. The basic idea
behind a diary is to observe, record, and evaluate actions of the user over a period of
time (Rieman, 1993, 1996). It is based on a real-time tracking system. Usually, the re-
searcher gives the user a diary in which to record events related to the task, as well as
thoughts and insights regarding those events. The researcher can provide a camera
so the user can take pictures that would complement the user’s notes. Another way
of obtaining a diary is to have the user wear a wireless video camera to record per-
formance while engaging in the task. Although user diaries can provide detailed in-
formation, the process must not be invasive or difficult to implement, or users will
not keep detailed records. One additional, negative factor is the tendency of users to
delay entering the information in the diary until a “convenient time.” This delay re-
moves some of the insights that users make as they perform the task.

Content Preparation and Management 39



Concept sorting. Concept sorting is used when the goal is to determine the
relation between a fixed set of concepts. Usually, the potential user is given a set of
cards with a concept word written on each card. The cards are shuffled to randomize
the order of concept words. The user is asked to sort the cards into groups and then
to provide a representative name for each group of cards. The number of groups that
the user is asked to generate may be fixed or left to the user’s discretion. This task is
repeated many times by many users. The goal is to determine multiple user views
on how the concepts should be organized. Because the cards must be labeled with
the appropriate concepts prior to the card-sorting session, the knowledge elicitation
engineer must be familiar with the domain or have the categories generated from
people who are familiar with the domain.

Log files. The aforementioned techniques are derived from asking different
user groups to provide information on what they know or how they would be-
have. With log files, users are not explicitly asked to provide answers or descrip-
tions for certain tasks. Instead, data are recorded from the users’ behavior. The
actions of the users are recorded as the users interact with the system, and these
actions are analyzed to determine trends and predict behavior. The benefits of
log files are that a large amount of data can be obtained from a variety of users,
and the data collection process does not interfere with how each user would nor-
mally interact with the system. The drawback of log files is that irrelevant or in-
correct data may be logged or important behaviors may not be logged. Further-
more, the data do not reflect the cognitive processes in which the users were
engaged when performing the logged actions.

Validating Knowledge

One way to rectify the problem of different experts using various solution strate-
gies is to use several experts of different types. Multiple experts are more likely to
have expertise across the entire domain. Agreement in the knowledge extracted
from the experts may be used to validate the knowledge. When experts are tested
as a group, any incorrect information is likely to be recognized and corrected. An-
other way to solve this problem is by looking at the user tasks and choosing appro-
priate knowledge networks that will most likely facilitate the user tasks. The
resultant knowledge networks may include aspects from both the software design
experts and the human factors experts.

The fact that much of the knowledge of experts is tacit poses a particular prob-
lem for techniques that rely primarily on verbal reports. Cooke (1994) suggested
that two methods can be used to ensure that the elicited knowledge is accurate and
complete. The first is to use multiple knowledge elicitation methods. The general
idea is that any shortcoming of one method will be overcome by the use of other
methods. The second technique is to incorporate the elicited knowledge into a pro-
totype expert system and then to have experts examine and interact with the expert
system to evaluate whether the knowledge is accurately represented. A third solu-
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tion, suggested in the white paper session, is to observe experts performing in their
work domains and not simply rely on their verbal reports of what they do. This
may require an additional evaluator, but the added insights gained from an extra
observer may outweigh the additional cost. This technique may also allow an ob-
server to stop the expert and ask the expert questions about a task or technique that
may be important but may not have seemed so to the expert.

An Example of Using Knowledge Elicitation Techniques

A project by Vaughan, Candland, and Wichansky (2001) provides an example
of how various knowledge elicitation techniques can be used to elicit information
that is to be conveyed on a Web-based application. Vaughan et al. were asked to
design an application that is accessible through the Web and used by two groups
of users (professional buyers and accounts payable). The goal of a professional
buyer is to negotiate and make purchases for a company. The goal of an accounts
payable person is to pay a company’s bills. Therefore, although they may use the
same information to complete certain tasks, they perform distinctly different
tasks with that information.

Three knowledge elicitation methods were used to identify the types of informa-
tion and transactions each user group wanted in the Web application, the organiza-
tion of this information, and which features should be presented at different levels
of the user interface design. The team conducted a wants and needs analysis to de-
termine what types of information the users wanted in the Web application, a
card-sorting task to determine information organization, and a questionnaire to
capture the frequency with which each group performed certain tasks to determine
which features should be presented at which levels of the user interface.

For the wants and needs analysis, participants were asked to brainstorm about
the content or information that they would like to have included in a system to help
them manage their orders with vendors. Participants were asked to determine the
five most important pieces of information and to give a reason why that informa-
tion was important. This resulted in a prioritized list of product content categories
and features for each user group.

For the card-sorting task, each participant was given a set of cards on which the
name of one conceptual object, derived from the wants and needs analysis, was
printed. Participants worked independently to sort the cards into groups that were
meaningful to that person’s work experience. The participants were allowed to add
additional conceptual objects to the group. Cluster analysis was conducted on the
card-sort data for each user group. Results showed that both user groups had simi-
lar and different items identified in each group of cards. For example, both user
groups indicated that user profile, logon, and preferences should be organized to-
gether, but professional buyers also indicated that this material should be orga-
nized with advertising and news information.

A questionnaire listing a set of activities that the software was intended to
support was given to the user groups. The user groups were asked to indicate the
frequency with which they performed each activity. Items that were identified as
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being of high priority were those identified by participants as being used on a
daily or weekly basis. These items served as the basis for the layout of the inter-
face. For example, information that was important to both groups, such as ship-
ping information, had shortcuts on the home tab to quickly take users to the
needed information.

2.3. Summary and Future Research

Because users have certain mental models or scripts regarding the processes that are
involved in a particular task, being able to elicit knowledge from experts and tar-
geted users is an important part of designing systems. The mental models for differ-
ent user groups differ, as do those for expert and nonexpert users. Therefore, eliciting
information regarding the targeted users allows developers to predict the knowl-
edge structures that the users bring for interacting with the system, and to design
products inamannerthat isconsistentwithorpredicts theiractions.Knowledgeelic-
itation is not a simple task, and although there are many methods available for
knowledge elicitation, a single best method cannot be identified because there are
too many variables involved. Furthermore, the same techniques are not applied in
the same way for every case, and different methods or different combinations of
methods are used depending on the goals of the developers. Table 1 summarizes the
major strengths and weaknesses of each knowledge elicitation method described in
this section to help determine which methods will suit particular needs.

To reduce the problems associated with knowledge elicitation techniques, more
research is needed on the conceptual content and structure of different domains. It
would be helpful if both researchers and practitioners engaged in comprehensive,
descriptive research regarding users’ concepts and conceptual structures for some
key domains looking to move to the Web or e-commerce. Healthcare is an excellent
example of this. Companies are talking about making an individual’s medical re-
cords portable (e.g., e-records). This can be accomplished from a technical stand-
point. However, little is known about issues such as the following: What is the key
information doctors need to see in a patient’s record? How would patients want to
use and view their own medical information? To what information should patients
be able to control access by their employers or insurance companies? Before design-
ing mobile or Web-based versions of such technology, research also needs to be con-
ductedonunderstandinghowpeoplecurrentlystructureandusethis information.

Although identifying both content and methods appropriate for different
types of knowledge domains and user profiles is important, research should also
seek to address the aforementioned issues from a methodological standpoint.
That is, research is needed to identify the methods that are best suited for elicit-
ing different types of knowledge because some knowledge elicitation techniques
seem to work well for limited problems and domains. For example, question-
naires are a good method to identify users’ preferences, but they are not a good
method for understanding users’ knowledge representations. Research should
also be conducted to identify the methods best suited for eliciting information
from different user profiles. The same methods may not be used to elicit knowl-
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Table 1: Knowledge Elicitation Methods for Recommended Groups and Their Major Advantages and Disadvantages

Method Group Major Advantages Major Disadvantages

Interviews Experts and
user groups

Most well-known method for eliciting knowledge
Qualitative data

Time consuming
Expensive

Verbal protocol analysis Experts Qualitative data
Document thought process related to performance

Time consuming
Hard to analyze

Group task analysis Experts Obtain different viewpoints
Document thought process related to performance

Developed through trial and error
No research validating this method

Narratives, scenarios, and
critical incident reports

Experts and
user groups

Provide insight to reasoning processes and implicit
knowledge

Good for ill-defined problems

Reliance on self-reports

Questionnaires User groups Quantitative data
Easy to code

Low return rate
Response may not correspond with actual behavior

Focus groups User groups Allows exchange of ideas
Good for generating lists of functions and features

for products

An individual may dominate the discussion
Not good for discovering specific problems

Wants and needs analysis User groups
and experts

Exchange of ideas
Determine areas of focus

What users say they want and need may not be
realistic

Observation and
contextual inquires

User groups Studied in natural environment
Qualitative and quantitative data

Time consuming
Dependent on detailed notes of the observer

Ethnographic studies User groups Studied in natural environment
Good for discovering new products

Time consuming
Hard to generalize results to other product designs

User diary User groups Real-time tracking
Qualitative data

Can be invasive or difficult to implement
Delay in entries by users

Concept sorting User groups
and experts

Determine relations among components
Helps structure information

Grouping may not be optimal
Resulting structure may be too elaborate

Log files User groups Uses actual recorded behaviors
Can collect data from a range of users

Irrelevant or wrong information may be recorded
Data do not reflect cognitive processes



edge from experts and novices or from a busy CEO and an administrative
assistant. Furthermore, research to determine whether knowledge elicitation
techniques are generalizable across domains or relatively domain specific will
also be valuable.

Most knowledge elicitation techniques have been developed in the context of
eliciting knowledge from experts. However, when the goal is to design for target
users who range in expertise, knowledge must be elicited from a large range of us-
ers. Therefore, future research should focus on evaluating and further developing
methods that allow easy and rapid elicitation of knowledge from many users. For
example, the methods for evaluating narratives should be developed more because
narratives provide people with a method of building plausible explanations as
guides for controlling events in their work domains. Another potential method
that should be developed further is the use of log files to elicit knowledge from a
large data set. With log files, users’ behaviors can be analyzed to determine the fre-
quency of certain actions and patterns of behaviors.

A major task for future research is to determine standardized ways of eliciting
knowledge for specific goals. As a first step toward accomplishing this task, it
would be valuable to survey in detail the knowledge elicitation studies con-
ducted in different fields to determine which methods are most effective for
different tasks and goals. The overall goal should be to determine which combi-
nations of knowledge elicitation methods yield the most complete sets of infor-
mation for specific applications.

3. ORGANIZING AND STRUCTURING INFORMATION

Organizing and structuring information is central to the success of content prepa-
ration. The notion of designing a system that organizes materials in a logical and
efficient way is not new. Traditionally, paper documents are stored and filed in
file cabinets. This method of storing and filing paper documents takes up a lot of
space, is time consuming, and makes retrieving documents difficult. With the in-
vention of the modern computer and graphical user interfaces, user interface de-
signers used the “file cabinet” metaphor. This system assigns a single file name
to materials to represent a distinct unit of information. The user organizes and
classifies this file in a hierarchical structure of directories and subdirectories (see
Nielsen, 1996). For a user to access a particular piece of information, the user
must recall where that information is located in this structure or perform a search
for it. This method is not very problematic if the information is organized and ac-
cessed by a single user. However, because users may not remember or may
misremember where an item was stored, the time spent searching for a particular
piece of information could be great.

The term information architecture is used to refer to the practice of organizing
and structuring information to create a highly usable navigation structure. To
create a successful structure, an information architect must know (a) the business
context, (b) the nature of the content, and (c) the information needs of the users.
Each business has different goals, activities, and organizational structures that
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need to be reflected in the structure and organization of the information. The
content may differ in terms of the types of documents, the degree and nature of
the structure of the information, and the format in which that information is
stored. The major types of users can vary in terms of computer expertise, domain
expertise, information needs, and more. The information architect must design
the information structure to meet the needs of the business and the intended us-
ers. In sum, the organization and structure of information should reflect the con-
text, content, and users.

3.1. What Are Current Issues Associated With Structuring and
Organizing Information?

Organizing for the Context of the Web

The problem of making information available in multiple places without having
multiple files has been reduced by modern technology. For example, hyperlinks in
the Web and shortcuts in typical graphical user interfaces allow information to be
accessed in multiple locations, but stored in a single location. However, because so
much information is available on the Web, the task of organizing the information is
difficult, and designers must ensure that the structure of the site can accommodate
storage of this material. Moreover, because the information is constantly changing,
organizing the material is a continuous task. Therefore, although there is a need to
make the same information available in different places, the structure and organi-
zation of this information is also important.

Content Structure Often is not Based on a Theory of Meaning

Many approaches to task analysis focus on the procedures for performing
tasks. These approaches typically compare the actual behavior with prescribed or
normative procedures. In this context, an error is defined as an action that devi-
ates from the prescribed procedures. However, experts often utilize their under-
standing of a process to take shortcuts (deviations from standard procedures)
that save time or effort. Also, a role of the human expert is to adapt to situations
that were not anticipated in the design of procedures. For these two reasons, it is
important not only to consider procedures, but also the constraints (e.g., physical
laws, organizational and regulatory constraints) that must be respected to gener-
ate new procedures (i.e., to take advantage of local opportunities—shortcuts, or
to adapt to unexpected events). In other words, it is important to consider the
deep structure that allows the expert to respond generatively or adaptively to sit-
uations. From this perspective, the challenge is to discover an objective or situa-
tion-referenced theory of meaning.

In sum, attention should be shifted from the surface features of work (e.g., proce-
dures) to the deep structure (e.g., functional constraints such as goals and bounds
on safe operation). Designers need to make the deep structure explicit to workers
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through interfaces, instruction, and training. The deep structure is more easily
specified in systems whose functions are bounded by known (and typically invari-
ant) physical constraints (e.g., aircraft or nuclear power plants). In these cases, the
structure includes the physical laws and engineering principals that determine the
work processes. However, in domains where the constraints are more ambiguous
social constructions (e.g., Web search engines or e-commerce sites), the deep struc-
ture may be more amorphous and may vary with the idiosyncratic goals of specific
users or customers.

Taking End Users Into Account

Avoiding getting users lost. With all the information available to users, the
information needs to be structured in a manner that is simple and makes sense to us-
ers. Users must be able to comfortably and confidently navigate through the site
(Rosenfeld & Morville, 1998). If a user gets lost in a Web site, the user will not be able
to find the information for which the user is looking and will have to spend extra
time trying to get out of the information structure. Users simply cannot always be
expected to build elaborate mental maps of an entire Web site.

Communicating the structure of the site to the users. A possible reason
why users may poorly understand how the information in a Web site is structured
and organized is that designers do not communicate the structure of the site to us-
ers. If users understand how the Web site is organized, then they can more quickly,
easily, and confidently move between sections and subsections of the site (Fleming,
1998). There are techniques to help communicate a site’s structure (e.g., obvious ma-
jor section navigation, obvious subsection navigation, navigational breadcrumbs),
but these techniques are not used on all sites.

Satisfying customers. The organization and structure of the information
must satisfy the needs, objectives, and preferences of users. Because users are not ad-
ept at organizing information in a Web site or designing user interfaces, the tempta-
tion to let users design the site must be resisted. Although input from users should be
used to guide the design process, design experts, such as information architects,
should ultimately be responsible for organizing the information in a Web site.

3.2. What Methods Are Being Used to Structure and
Organize Information?

Methods Relevant to Web Design

Hyperlinks. With the vast amount of information on the Web, users retrieve
the information they desire by navigating through the structure of the Web site.
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Hyperlinksallowusers toretrieverelevant informationby“pointing”themtothe lo-
cation. When a user clicks on a hyperlink, it takes the user automatically to a Web
page that displays the information. Therefore, users do not need to know anything
about the structure of the site to reach their desired locations.

Extensible Markup Language (XML). XML is an application of the standard
generalized markup language that was introduced in 1996. XML documents are
composed of storage units of information. XML can be used to specify the content
and structure of information in a way that allows particular pieces of information to
be retrieved when needed. For example, a piece of information can be identified as a
price, date, or product name. It provides a mechanism to impose constraints on the
storage and structure of information. Because the content and structure of the infor-
mation is separated, it allows the use of the information in a variety of contexts, the
exchange of database information, the customization of information, and the man-
agement of large databases. XML provides a good architecture and schema for
structuring and organizing information, however, it is an open standard in which
individual implementations can vary (Schmelzer, 2001). Also, XML is a program-
ming language that organizes information at the back-end computer level. De-
signers must still organize the information for the user interface.

Formats and languages that would support different types of queries.
When organizing and structuring information, it is important to do it in a way
that optimizes the characteristics of the site’s search engine. For example, if the
search engine supports semantic queries, then the information in the site should
have some type of semantic organization or categorization that facilitates seman-
tic queries. The “Semantic Web” was developed to link information based on its
properties. According to the Semantic Web Agreement Group, “The Semantic
Web is a Web that includes documents, or portions of documents, describing
explicit relationships between things and containing semantic information
intended for automated processing by our machines” (2001). For example, the Se-
mantic Web can link all files with the “.doc” extension. The Semantic Web can
also be programmed to include unicode and XML, basic assertion languages,
schema languages, conversion language, query languages, and so on. Allen (n.d.)
noted that a Semantic Web can also be used to gather information about a site
from the owner of the site, make comments about a site (e.g., give the site a
thumbs-up or thumbs-down), see how your friends rate the site, bookmark
pages, and so forth.

Interactive navigation displays. Interactive navigation displays use navi-
gation to tell the user where the user is, how the user got there, how to get back, and
where else the user can go (Fleming, 1998). Navigation displays can provide a
graphical display of the user’s current position in the structure, and provide infor-
mation about how the user reached a particular Web page and where he or she is in
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the structure of the Web site. This information can help users learn about the struc-
ture of the Web site and its organization. The following are types of interactive nav-
igation displays:

• Site maps: Site maps provide an outline of the Web site and illustrate where
particular Web pages are located in the Web site.

• Navigational breadcrumbs: Breadcrumbs are small, hyperlinked page titles
usually located at the top of each page, above the title of the current page. These
hyperlinks show the page titles that the user came through to get to the current
page (Najjar, 2001).

• Persistent major navigation controls: The site should show on each page the
navigation controls for the major sections of the site. Each page should show other
navigation controls that are important to users (e.g., Contact Us, Security, Privacy).
Eachpageshouldshowthenavigationcontrols toaccesssubsectionsof thatsection.

Standards on certain platforms. The benefit of providing a set of stan-
dardized conventions (regardless of how usable they actually are) is that they
impose a measure of consistency on the user experience. This is perhaps one of
the most important tenets of good user interface design. There are user interface
design guidelines for the Web, personal computers, such as the Windows sys-
tem and the Macintosh, UNIX, cellular telephones, and Palm Pilots. These
guidelines encourage designers to create user interfaces that are consistent for
that platform. Standards are statements (i.e., requirements or recommenda-
tions) about interface objects and actions that can be used to address the physi-
cal, cognitive, and affective nature of Web interaction. They are written in gen-
eral and flexible terms because they must be applicable to a wide variety of
applications and target user groups.

Table 2 lists several standards developed by specific organizations. Buie (1999) pro-
vided recommendations on how to use such standards. These include the following:

• Select relevant standards from existing sources. The standard chosen should
match the problem of interest.

• Tailor the selected standards to the specific Web development project.
• Refer to and apply the standards as closely as possible in the Web design.
• Revise and refine the selected standards to accommodate new information

and considerations that arise during development.
• Inspect the final design to ensure that the Web design complies with the stan-

dards.

For example, on Windows, the organization of the files is visually represented
and navigated via the Windows Explorer, with the top-level objects being shown as
disks that contain folders and various types of files. Clicking on a folder on the left
pane of the Windows Explorer window displays its “content” on the right pane.
Each application window has a system menu located at the top of the window.
When the user points and clicks on an item in the system menu, that part of the ap-
plication is brought to the front of the window. Table 3 contains sample guidelines
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from Najjar (2001) to consider when structuring and organizing the page format
and navigation for an e-commerce Web site.

Methods for Organizing and Structuring Content

Objects–actions interface model. Shneiderman (1997) proposed that the
problem of structuring and organizing information for the Web can be resolved in
part by decomposing the complex information into a hierarchy of manageable
units. For this purpose, he developed an objects–actions interface model in which
objects and actions in the domain of the task are hierarchically decomposed into
basic elements so that they can be represented by interface objects and actions (see
Figure 3). According to Schneiderman, the objects–actions interface model encour-
ages Web site designers to focus on two components of the task, structured infor-
mation objects (e.g., networks) and information actions (e.g., searching); and two
components of the interface, metaphors for information objects (e.g., bookshelf)
and affordances for action (e.g., querying).
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Table 2: Examples of Standards and Guidelines

Type Organization

International International Organization for Standardization (ISO 9241; Ergonomic Requirements
for Office Work with Visual Display Terminals)

National American National Standards Institute (ANSI)

Human Factors and Ergonomics Society (HFES–200; Ergonomics of Software User
Interfaces)

British Standards Institution

Ente Nazionale Italiano di Unificazione

Deutsches Institut fur Normung
Government U.S. Military (MIL–STD–1472D, Human Engineering Design Criteria for Military

Systems, Equipment and Facilities; MIL–STK–1472D, HyperCard version)

National Aeronautics and Space Administration (NASA–STD–3000, Man–Systems
Integration Standards Handbook)

MITRE Corporation (developed for the U.S. Air Force, ESD–TR–86–278, Guidelines
for Designing User Interface Software)

Industry Macintosh Human Interface Guidelines

Common User Access; IBM HCI Guidelines (CUA IBM)

Open Software Foundation (Motif Style Guide)

Microsoft (The Windows Interface Guidelines for Software Design)
Individuals Deborah Mayhew (Principles and Guidelines in Software User Interface Design

Guidelines)

Lawrence Najjar (1990, Using Color Effectively; 1992, Multimedia User Interface
Design Guidelines)

Jakob Nielsen (1999a, Designing Web Usability: The Practice of Simplicity)

Wanda Smith (ISO and ANSI Standards for Computer Products)

Note. Based in part on Buie (1999).



Although decomposing the domain into a hierarchy with basic end elements, or
atoms, sounds reasonable, determining the organization can be difficult.
Shneiderman (1997) noted:
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Table 3: Example of How to Structure a Web Page and Organize its Navigation: Sample
Guidelines to Consider When Structuring and Organizing the Page Format and

Navigation for an E-Commerce Web Site

Navigation Page Format

Design navigation that is simple, intuitive, and
obvious.

Put the navigation controls in the same
locations on each page.

Use navigation to tell the user where the user
is, how the user got there, how to get back,
and where else the user can go.

Provide “breadcrumb” navigation on the site.
Breadcrumbs are small, hyperlinked page
titles at the top of each page, usually above
the title of the current page.  The
breadcrumbs show the user the pages that
the user viewed to get to the current page in
the current major section.

Limit the number of major sections in the site
to about seven.

Provide an intuitive name for each major
section.

Design the navigation so that the user can
browse to any product in five clicks or less.

Provide some specialized browse functions to
meet specific user needs.  For example, allow
users to browse through suggested gifts or a
special section with discounted products.

Provide search entry fields on nearly every
page.

To improve search, use meta-tag tools

Design the page size to accommodate America
Online (AOL) members.  There are over 29
million AOL members, and they buy at three
times the rate of other users.  Because AOL
users open their browsers inside the AOL
service window, the space available for the
browser window is reduced.  Therefore, for
an 800 × 600 screen resolution, use a 625 ×
270 page size.

Because download time is the biggest problem
with the Web, design your pages to
download quickly.  To get pages to download
in 10 sec or less over a 56K modem, limit the
size of each page to 40K or less.

Except for the product comparison tool, never
require the user to scroll horizontally.  Avoid
forcing the user to scroll vertically on the
home page.

Format the pages so that user interface
elements are in locations that are familiar to
users (e.g., put horizontally across the top of
the page the navigation controls for the major
sections of the site).

Except for the shopping cart page and
checkout pages, put a shopping cart
summary on every page.

To easily accommodate registered members,
include sign-in entry fields on the home page
and a sign-in hyperlink on every page.  So
that signed-in members know that they are
signed in, show a personalized welcome
message at the top of the page.

Be sure to put a “Contact Us” hyperlink on
every page, perhaps at the bottom.

Provide at the bottom of each page a link to a
simple referral form (e.g., “Tell a Friend”).

Provide links to the privacy and security
policies at the bottom of every page.

Note. Based on Najjar (2001).



While many would describe a book as a sequence of chapters and a library as a hierar-
chy organized by the Dewey Decimal System, books also have book jackets, tables of
contents, indexes, etc., and libraries have magazines, videotapes, special collections,
manuscripts, etc. It would be still harder to characterize the structure of university cat-
alogs, corporate annual reports, photo archives or newspapers because they have still
less standardized structures and more diverse access paths. (p. 16)

The basic objects and how they are aggregated for a Web site may vary across
different domains. According to Shneiderman (1997),

Atoms can be a birthdate, name, job title, biography, resume or technical report. With
image data, an atomic object might be a color swatch, icon, corporate logo, portrait
photo or music video. Information atoms can be combined in many ways to form ag-
gregates such as a page in a newspaper, a city guidebook, or an annotated musical
score. (p. 16)

Dueto thesedifferences, it is important tohavecleardefinitions thatcanbeconveyed
to designers and to users. The information atoms can be organized in several ways:
short unstructured lists, linear structures, arrays or tables, hierarchies or trees, fac-
eted retrieval (e.g., photos indexed by date, photographer, location, topic, film type),
and networks.

Elemental information actions include scanning a list of article titles, looking for
a specific word in an alphabetized list, following a link, and reading a paragraph.
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These elemental information actions can be combined into aggregate information
actions such as locating a term in an alphabetic index and reading abstracts of arti-
cles that contain the term. Once the elemental information objects and actions for a
task, and their structure, have been determined, these can be mapped into specific
interface objects and actions.

Ecological interface design. The ecological approach to human factors
starts by considering the constraints in the task environment that are relevant to
the user (Vicente, 1999). Within this approach, a theoretical framework for inter-
face design, called ecological interface design, has been developed (Vicente & Ras-
mussen, 1992). This framework is based on Rasmussen’s (1986) influential behav-
ioral taxonomy. He proposed that for familiar events behavior occurs in a
relatively automatic, skill-based mode. For example, if users interact with a sys-
tem on a daily basis, the routine commands become automatized and are exe-
cuted with little thought. Rule-based behavior is used when the user encounters
a novel situation to which rules they have learned previously can be applied.
When e-commerce customers enter sites that they do not visit frequently, the
rules that they have learned from interacting with other sites will guide their be-
havior. Finally, behavior is knowledge-based when an event is unfamiliar, no
simple rule applies, and the user must engage in problem solving. For example,
when a customer submits billing and shipping information and the site returns
an error message that is not specific, the customer must develop and evaluate hy-
potheses about where the error occurred.

The basic idea behind ecological interface design is that the information that
needs to be represented in a good display varies as a function of the appropriate be-
havior mode. The principle for skill-based behavior is that the user should be able
to respond directly to the display, with the structure of the displayed information
being independent of the required actions. For rule-based behavior, the interface
should signal the appropriate rules to be applied with a consistent mapping be-
tween the constraints of the work environment and the information provided by
the display. Finally, for knowledge-based behavior, the work environment should
be represented in the form of an abstraction hierarchy (a hierarchy of information
relevant to problem solving at several levels of abstraction) that provides an
externalized mental model in support of problem solving.

Information theory. One of the oldest means for quantifying the structure of
information is information theory, which assumes that information can be character-
ized into bits, or units, as a function of uncertainty (Garner, 1962). Research has
shown that the time it takes to understand information is highly correlated to the
number of bits subsumed by the information (Fitts & Posner, 1967). Garner (1962,
1974) devoted his career to studying the role of structure in perceptual identification.
He developed ways to describe perceptual displays and ascertain the difficulty in
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perceiving them. Among the concepts stressed by Garner (1974) was the importance
of inferred subsets. An inferred subset is the set of stimuli that the observer considers
to be likely to occur. Specifically, Garner (1974) showed that the smaller the inferred
subset of alternatives from which a specific pattern is derived, the greater the redun-
dancy and the easier the pattern is to perceive.

Information theory can be used to quantify how much information a response
carries about the stimulus (i.e., information transmitted) and the rate at which this
transfer occurs. This can be compared to the information transferred in particular
models of human performance and to maximum possible information transfer. Al-
though not used as widely as it once was, information theory is still used to quan-
tify the efficiency of displays (e.g., Tan, Durlach, Reed, & Rabinowitz, 1999) and
neural coding (Borst & Theunissen, 1999), and to develop hierarchical decision
trees for machine learning (Ben-David & Utgoff, 1995).

Discourse processing and propositional representation. Kintsch (1974,
1998) spent the last 30 years studying discourse comprehension in detail, pro-
posing a variety of ways to characterize the ideas represented in sentences
and paragraphs. Van Dijk and Kintsch (1983) put forward a theory of textual
information processing known as strategic information processing. They sug-
gested that a user relies on general background knowledge and initial surface
cues of text to make meaning out of the text. These surface cues are extracted
from words, sentences, paragraphs, headings, and so on. At the same time, the
reader is attempting to apply whatever genre knowledge he or she may have,
such as the structure of news stories, to make sense of and strategically pro-
cess the incoming information to more efficiently build up a mental model in-
dicated by the semantics. Van Dijk and Kintsch emphasized the importance of
“structural cues” for information organization, from both bottom-up (e.g.,
sensory input) and top-down (e.g., high-level expectancies) processing be-
cause they help novices learn and experts be more efficient.

Van Dijk and Kintsch (1983) concluded that the meaning of text is represented
best by networks of propositions, each of which is a predicate–argument schema.
An atomic proposition is of the form PREDICATE [ARGUMENT, ARGUMENT,
…], for example GIVE [agent: MATT; object: VIDEOGAME; goal: SCOTT]. Com-
plex propositions are formed from compounds of atomic propositions, and texts
consist of one or more compound compositions that can be related in several dif-
ferent ways. Propositions derived directly from a text make up the textbase,
which combines with propositions contributed from the individual’s long-term
memory to form a situation model. Van Dijk and Kintsch also distinguished be-
tween the sentence-by-sentence information of the text, called the microstructure,
and a hierarchically organized set of propositions representing the global text,
called the macrostructure. An appropriate summary of a text should reflect the
text’s macrostructure. Propositional analysis has been shown to provide a useful
way for analyzing many aspects of text structure, as well as for describing how
people comprehend, remember, and respond to questions about texts (Kintsch,
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1998). However, a limitation with respect to practical application is that proposi-
tional representations have to be constructed through hand coding and therefore
are difficult to use for large applications.

Latent semantic analysis. The limitation of coding propositions by hand
can be overcome by using statistical methods to analyze the meaning of text
through the use of words in a variety of contexts. Latent semantic analysis is
one such formal model developed to simulate human understanding of how
words and combinations of words form meaning in a passage (Landauer, 1998;
Landauer, Foltz, & Laham, 1998; see also the closely related Hyperspace Ana-
log to Language Model; Burgess, Livesay, & Lund, 1998). Latent semantic anal-
ysis represents words and larger text units (e.g., propositions) as vectors in a
high-dimensional semantic space that is constructed from statistical computa-
tions performed on a large corpus of text. The analysis is based on considering
the frequencies with which words occur in various discourse contexts (e.g., in
the same sentence, in sentences with the same words, etc.). Each word occupies
a position in the semantic space and is associated with other words through
links (common labels or features). The closer two words are located in this
space, the higher the association is between them. With this structure, latent se-
mantic analysis can determine similarity relations between words, sentences,
paragraphs, and essays, even if the word sets themselves are not taken from the
original corpus. This has been demonstrated in a number of ways, a few of
which are mentioned here.

Latent semantic analysis has been used to provide measures of the coher-
ence of texts by comparing the similarity for adjoining text segments (Foltz,
Kintsch, & Landauer, 1998). The general idea is that a text is more coherent
when the adjoining segments are more similar in meaning on average than
when they are less similar. Foltz et al. demonstrated that the measures of text
coherence predicted the relative comprehension shown by readers of the texts.
Therefore, latent semantic analysis provides an automated method for evalu-
ating text coherence. Latent semantic analysis also was able to predict learning
from four texts of different difficulty as a function of the match between the
reader’s conceptual knowledge and the level of difficulty of the text (Wolfe et
al., 1998). Learning was best when the text was neither too easy nor too diffi-
cult relative to the reader’s knowledge. These examples illustrate that latent
semantic analysis provides a valuable tool for organizing and structuring con-
ceptual knowledge in a way that will be appropriate to the user’s knowledge
level. The site, http://LSA.colorado.edu/, contains documentation, demon-
strations, programs, and manuscripts to assist designers in becoming familiar
with this sophisticated technique.

Multivariate techniques. Multivariate statistical techniques, such as multidi-
mensional scaling and the Pathfinder networks, can be used to analyze and orga-
nize information. Multidimensional scaling provides a representation of the dimen-
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sions on which people organize a set of concepts. In Pathfinder networks, the
concepts are represented by nodes and their relations by weighted links. A Path-
finder analysis tends to provide more information about pairwise relations between
concepts, whereas multidimensional scaling analysis provides more information
about global relations (Cooke, Durso, & Schvaneveldt, 1986).

Identifying methods to “test and evaluate” structure and content. Testing
for structure is harder than it sounds because there are many components to the Web
site, and each component may need to be tested separately. The test for some com-
ponents is easy. To test whether a link works, click on the link. Other components are
harder to test. To test whether the structure is conveyed in a meaningful manner to
users, many narrative reports must be taken and integrated, if possible. Further-
more, even if each component can be tested individually, the components may have
interactive effects when placed in the system context.

Methods Involving Users

Concept sorting. As discussed in the knowledge elicitation section, con-
cept sorting can be used to determine relations between fixed sets of concepts.
When users are asked to sort concept words into discrete categories, the catego-
ries can be used to help determine how the information should be organized. For
example, the major categories can be organized by frequency of use or impor-
tance on the homepage, whereas the concepts within the categories can be orga-
nized into subsections.

Other user-testing methods. A Web site should be organized and struc-
tured in a way that will allow end users to achieve their goals. As a result, end
users should be involved in the design process. Methods such as usability testing
(Mayhew, 1999; Nielsen, 1993), iterative design and testing cycles (Shneiderman,
1992), wants and needs analysis, and group task analysis can be used to help
structure and organize a Web site. These methods are described in detail in other
parts of the article, and they will not be elaborated on here.

An Example of Structuring and Organizing Web-based Designs

The Web has evolved from a simple browsing environment to an interactive,
goal-oriented, task-drivenapplicationandscript-enablingplatform.Moreandmore
Web applications are being developed to allow users to create, edit, and manipulate
objects in the browser, just like traditional graphical user interface-based applica-
tions. The subsequent statement from Zhu (2001) describes how a Web-based appli-
cation, SharePoint™ Team Services from Microsoft®, is structured:

It [SharePoint] is a Web site, it should look like a typical Web site. The underlying data
structure of the Web site is a list structure, and there are three types of lists that users can
use: Documents, discussions and lists. Alist that holds documents is called a document
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library. A list that holds discussions is called a discussion board. A list that holds any
other items is called a custom list. Users can create multiple document libraries, discus-
sion boards and lists. Within each list, users can create multiple items. (p. 839)

The design of SharePoint is based on assumptions about different user activities
and the relative frequencies with which users engage in these activities. Because
SharePoint is designed to help people collaborate and share information, it is as-
sumed that users will most often consume information, rather than add or edit in-
formation. The Web site is therefore optimized for browsing behavior, and edit
controls are hidden and only visible after a deliberate action from the user.

There are four basic types of pages: the homepage, the list and item view page, the
customization summary page (the page that shows all the options for a list), and the
customization controls page. The list view page and the item view page have editing
controls in a special toolbar area above the content area. Each page has four areas:
navigation bar, title area, left pane, and content area. The Web site has one main navi-
gation bar on the top that is always visible, which contains links to the different sec-
tions on the Web site: documents, discussions, lists, create, site settings, and help. On
the list view page, the left pane contains links that filter the list (also called views);
and on the homepage, the left pane contains quick launch links.

3.3. Summary and Future Research

The problem of organizing large amounts of information in an efficient and man-
ageable manner is not new, and this problem has been magnified with the introduc-
tion of the Internet. The Internet allows users to publish information on the Web
from anywhere at any time. Once this information is posted to the Web, it can be
modified, moved to a different location, or even deleted. This ability to constantly
change the information stored and add to the Web results in the need to design an
interface that structures the information in a way that can be reorganized quickly
and is manageable.

To improve the way information is structured and organized for the Web, future
research should focus on determining the best tools for organizing, updating, and
maintaining information. Hyperlinks were initially used to solve the problem of
having to update and store the same material in different locations. In recent years,
there has been increased interest in using mark-up languages like XML to help
structure and organize material because XML can specify the nature of the informa-
tion using predefined categories or elements, or be customized in a manner that is
consistent with the needs and goals of the designers. Therefore, the potential of us-
ing XML as a tool for organizing and structuring information in the future is great,
and many companies that were mentioned in the introduction of this article are
currently using XML.

Interactive navigation displays seem to help users and should be available when
possible. Site maps and navigation breadcrumbs can be used to help convey the
structure of the site to users so that they can develop a general “feel” for where
items may be located in the site. Persistent and consistent major navigation controls
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are important because the same functions are incorporated into many Web sites
causing users to expect the controls to be placed in a location that is consistent with
their previous experience. However, research is needed to evaluate the alternative
ways of conveying the structure of the site to users. In addition, evidence needs to
be gathered about the relative benefits of interactive navigation displays for Web
sites of different sizes and types.

Progress has been made in developing methods for organizing and structuring
content. A major problem that remains is how to determine the fundamental ele-
ments of information for specific tasks, and research along this line needs to be con-
tinued. Information theory has not been used much for interface design in recent
years, but because it offers a way to quantify information and has been successfully
used in a variety of disciplines, such as electrical engineering and neurobiology,
further exploration of its use for interface design seems warranted. Perhaps the
most promising approach at present is the statistical approach exemplified by la-
tent semantic analysis. The value of this approach for HCI is that analysis can be
performed automatically on demand. Initial tests of its usefulness for applications
have been positive, but much remains to be examined.

Finally, end users should always be involved in the design of a Web site because
the successfulness of the site is often measured by the ability of the end users to inter-
act with it to achieve a goal or task. User testing should occur throughout the design
process, and input from users should be incorporated. For example, card-sorting
techniques can be used initially to determine items that should be grouped and cate-
gorized together. Once these categories are incorporated into the Web site, usability
tests can be performed to determine whether some items were overlooked or should
be moved to different locations. As the design process continues, iterative testing cy-
cles can be used to determine whether modifications to the structure and organiza-
tion of the site affect performance. Because of the time and cost involved in
conductinguser testing,detailedcasestudiesof therelative importanceofuser input
at different stages of the design process should be conducted.

4. RETRIEVAL OF INFORMATION: IMPROVING WEB SEARCH

Web search engines serve as catalogs of the Web. They index the Web pages by de-
ploying a special computer program called a spider or robot. Users can enter search
terms to query against the index database. The search engine returns a list of Web
pages along with short descriptions. If the search is effective, the returned results of
the query will consist of the information that the user needs; however, if the search
fails (by not returning the desired hit or returning too many irrelevant hits), the user
must engage in another, different attempt to retrieve the information.

4.1. What Are the Current Problems With Search Techniques?

In this section, problems preventing efficient and effective retrieval of information
are discussed. These problems can be characterized as problems involving the
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search engines themselves or problems involving the end users interacting with the
search engines.

Search Engines

If the search criteria programmed into a system are too strict, users will not be
able to locate the items for which they are looking. On the other hand, if the search
criteria are too lenient, users will be bombarded with irrelevant hits. The following
are some of the major problems with search engine designs.

Poor back-end design. Many search engines are not designed to be flexible.
That is, these engines do not accommodate typographical errors, synonyms and
variant forms of keywords, recognize Boolean operators, and so forth. For example,
it is known that users make typographical errors: They may not know the proper
spellings of low frequency words, or they may make a typing error in the entry.
Search engines should include a spell checker, and commonly misspelled words
should be linked to the correct words. In addition, users do not always use the same
keyword to look for similar products, and search engines should provide a good
thesaurus to help return relevant matches. For example, if the goal of a search is to
find a person who treats injuries, users may use any one of the following keywords:
doctor, physician, medicine, hospital, clinician, healer, and so on.

Irrelevant hits. The returned Web pages are usually ranked based on some
type of relevance measure designed for the search engine, although the ranking is
often inaccurate because of the difficulty of defining relevance. The large volume
and lack of structure of the information make it very difficult to index Web pages ef-
ficiently. These factors significantly reduce the power of Web search engines to re-
trieve useful information requested by a user. Inefficient indexing and inaccurate
search queries can easily result in millions of hits for a single search query (Fang &
Salvendy, 2000). These hits can be relevant to the task at hand or completely irrele-
vant to it. Because users must work their way through the long lists of hits, this task
is very time consuming, and information may not be retrieved because users are
overloaded with information or the information is “hidden” by the irrelevant hits
surrounding it.

Inconsistent functions. Each search engine works differently. When a user
enters the same search terms into different search engines, the search engines pro-
duce different results. This inconsistency can frustrate and confuse users.

Difficult advanced search options. Advanced search usually provides fea-
tures such as drop-down menus or Boolean logical operators that allow the user to
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narrow the span of the search. This feature is recommended for experienced users
who know specifically their search target. This option should be made available, but
a link should be provided to lead users back to the simple search engine (Nielsen,
Molich, Snyder, & Farrell, 2000).

Search engines do not incorporate an objective theory of meaning. There
are not adequate theories or descriptions of the workspaces that allow organization
and classification of concepts to reflect the important functional constraints (i.e.,
meaningfulness). An abstraction hierarchy provides a generic structure for build-
ing these kinds of descriptions (Rasmussen, Pejtersen, & Goodstein, 1994; Vicente,
1999). However, discovery of the meaningful dimensions of a work domain often
requires a global analysis that looks at work in both natural and historical contexts.
This is because functional constraints can be integrated within tools and standard
work practices. As such, the constraints become implicit, and it becomes difficult for
experts and work analysts to parse the deep structure from the “syntactical” aspects
of the work. This problem is illustrated by Hutchins’s (1995) study of navigation on
a U.S. navy ship that analyzed the performance of the navigation crew in detail.

Search strategies used by expert information retrievers are not incorpo-
rated. Most search engines do not incorporate the search strategies used by ex-
perts. For example, when someone wants to find out information regarding a partic-
ular topic, a librarian is a very good person to ask. Although the librarian may not
know much about the specific topic being queried, the librarian’s knowledge about
the structure of the library catalog system will enable the librarian to easily find the
information relating to the topic. Therefore, the strategies that expert information
retrievers, such as librarians, engage in to help return relevant matches should be
given more consideration.

End Users

Lack of knowledge about how users search. The design of Web search en-
gines and interfaces could benefit substantially from the extensive research in the
field of information sciences (e.g., Salton & McGill, 1983). That body of research has
revealed some understanding of how users search. For example, string search and
Boolean logic have long been used in information retrieval in bibliographic systems
such as library catalog systems, large online database systems, and CD-ROM refer-
ence systems. Despite their popularity and wide availability in commercial sys-
tems, string search and Boolean logic have been criticized by information scientists
for the following reasons (Bookstein, 1985): (a) Boolean logic is hard to use or under-
stand, especially for expressing complicated expressions; and (b) retrieval output is
hard to control. Acommon or high-frequency search term will result in a large num-
ber of documents or references retrieved. Because no other information is given
about the relevance of these output documents, users will have tremendous diffi-
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culties in reviewing all the results. On the other hand, a phrase query with several
search terms connected by the “and” operator may yield no search results at all. Al-
though various techniques such as expanding a search by specifying synonyms
provided by a thesaurus or to narrow down a search by adding constraints can be
used to obtain a moderate-sized result set, these techniques usually require special
training and experience.

The search function is not always immediately apparent to users. When
users enter a Web site, they have certain expectations of the general structure of the
Web site. With regard to search engines, users expect to find a search engine right
away, especially in the form of a text box. Nielsen et al.’s (2000) study found that “us-
ers told us that when they looked for the search function, they looked for ‘one of the
little boxes.’ Tabs and links to a separate Search page just didn’t work for them” (p.
7). Nielsen et al. also indicated that a Web site should have the search feature avail-
able on every page in the site so that users can use the feature at any time.

Error messages are difficult to interpret. Perhaps the most frustrating as-
pect of a search engine is that after users enter a query, they receive a message that is
not comprehensible. Error messages such as “Error: Syntax not found” or “Error:
404 Page Not Found” should not be used. Rather, designers should have the search
engine provide constructive feedback (Nielsen et al., 2000). For example, if users en-
tered the query “Oh be one Kenobi,” the search engine can display a message indi-
cating that there are no matches for “Oh be one Kenobi,” but try “Obiwan Kenobi.”
If the search engine is programmed to recognize that this character is related to the
Star Wars series, the text message should indicate “Star Wars character: Obiwan
Kenobi,” to explain to the user why this hit may be relevant instead of just returning
a Star Wars match.

Perspective of user is not incorporated. Users do not have a standardized
way of searching for information, making it hard for designers to program search
engines to mimic search behaviors. As mentioned before, different users may use
different keywords to describe the same item, and the same user may use different
keywords at different points in time. The large range of users and their idiosyncratic
search techniques are often not studied because of the time involved in analyzing
users’ search behaviors. Therefore, a development team focuses entirely on design-
ing search engines with no consideration of users’ search techniques, making it dif-
ficult for users to obtain the information they need in an effective manner.

Problems relating to browsing versus searching. There are two basic
ways to search for information on the Web: browsing and keyword searching
(Marchonini, 1995). Browsing seems to be more intuitive than keyword searching, es-
pecially for naïve users. Even when they do not know how to conduct a keyword
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search, users should be able to browse the content of a Web page or the information
categories that are usually organized as a hierarchy. However, as the amount of infor-
mation increases, browsing becomes less efficient and search becomes more practical.

Widening gap between users and search engines. The development of
more advanced technology is progressing at a faster rate than the average user can
handle. For example, the average user may just now be comfortable with the passive
interface design in which the user must enter a command to execute a function. How-
ever, the software industry has already been utilizing “agents” to document user ac-
tivity and execute commands independently from the user by predicting what the
user would probably do based on the user’s past action. Although the development
of agents is needed to help users deal with vast amounts of information, some users
are not ready to “give up” control of a process they are just beginning to understand to
an agent about which they have little or no understanding or experience.

4.2. What Methods Are Being Used to Improve Search?

Statistical Techniques

Natural language processing. Computers cannot always interpret users’
queries in the same way a human can. Amajor problem that engineers need to over-
come is to construct a natural language processing system that can mimic that of hu-
mans. To understand a discourse, the computer must be able to evaluate the coher-
ence of alternative interpretations. Theories of natural language processing assume
that coherence is based on meaning, structure, and intention (Mc Kevitt, Partridge,
& Wilks, 1999): Analysis of meaning is based on semantic relations between words,
analysis of structure is based on examining syntactic markers, and analysis of inten-
tion has the purpose of determining the intentions and goals of the user.

One potential advantage of the natural language processing approach is that it
attempts to determine the intent of the user, and when coupled with user profiling,
provides even better results. However, at present, intent cannot be easily inferred
from users’ queries because most users mainly use keywords for search. The aver-
age length of queries is approximately 2.5 terms, which reduces the ability of natu-
ral language processors to determine what the user means. In addition, users do
not always use Boolean operators (“and” vs. “or”) correctly.

Latent semantic analysis. Latent semantic analysis, described in the orga-
nizing and structuring information section, can be used to help facilitate Web
search. In fact, this analysis method was developed originally to improve access to
textual information in HCI (Deerwester, Dumais, Landauer, Furnas, & Harshman,
1990; Dumais, Furnas, Landauer, & Deerwester, 1988). With latent semantic analy-
sis, sentences or concepts can be analyzed to find similar topics based on associative
information. Therefore, strings of text can be matched to content on the basis of se-
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mantic relatedness instead of keyword overlap. Dumais et al. applied latent seman-
tic analysis to a database of 1,033 medical reference abstracts and showed 13% better
average precision in the documents retrieved than for keyword matching. Chute
(1991) applied latent semantic analysis to the entries in the National Library of Med-
icine’s Unified Medical Language System for the classification and retrieval of pa-
tient diagnoses. Natural language diagnosis entries and inquiries were entered into
the resultant semantic space, and the system provided output of the top five most
similar entries from the semantic space. Chute concluded that the results suggest
that classification and retrieval from large databases can benefit from coding entries
and queries within a statistically derived semantic space.

Soto (1999) showed that latent semantic analysis can be used to assist in selec-
tion of menu labels for applications with which most users will be relatively un-
familiar. He used latent semantic analysis to compute the semantic similarity
between task descriptions and labels in the menu system for an application. Par-
ticipants performed 12 tasks by exploration, in which they engaged in search
through the interface for labels that would lead them to the task solution. Perfor-
mance of the tasks was faster when the labels were similar to the task description
than when they were not. Soto concluded that latent semantic analysis can even-
tually be used along with other techniques to test the usability of computer appli-
cations automatically.

Adaptive Search and Agent-Based Technologies

Adaptive search uses software agents to profile users’ past behaviors, and uses
these data to predict users’ goals. This helps users to achieve their goals (e.g., nar-
rowing down the search hits; Choi & Yoo, 1999; Glance, 2001). Agent-based search
tends to work well if users are trying to find something similar to what they
searched for previously, but it is not very effective if users are looking for some-
thing different or new. Agents also work well when users are searching for related
items within the same session (e.g., the user searches for roller skates and then hel-
mets). However, because there is not enough data regarding what users are looking
for when they are searching, agents may perform some action for the user that was
not warranted or desired. Furthermore, agents’ actions are based on the informa-
tion the agents are logging, and if the wrong information is collected, then the agent
impedes rather than facilitates the user’s search.

Agent-based technologies can also personalize Web searches. Based on the indi-
vidual differences between users, it is virtually impossible to design a uniform
search engine that is suitable for all users. It seems that a good solution is to personal-
ize the search engine based on users’ characteristics. The problem with current soft-
ware agents is that the information collected for profiling a user might not capture
theuser’scharacteristicsverywell.Therefore, therecommendationsmadebyagents
may be misleading. To address the issue of what information must be collected, more
studies on human search behavior need to be undertaken in the future.

An example that suggests that this approach works is Amazon.com. On this
Web site, the system uses the user’s wish list, previous purchases, and items at
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which the user looked to build the user profile. The site then recommends other
books or items that might interest the user.

Indexing Search

Use of meta-tag tools. Most search engines index the words in a Web page
and use the first few words as a description. Meta tags allow designers to control
how the page is indexed by using a meta tag to specify additional keywords to index
and to provide a short description that can be displayed with each search hit. Meta
tags allow designers to specify additional key words or synonyms that describe the
contents of a site, but will not display on the user’s Web page. Not all search engines
support meta tags (Sullivan & Sherman, 2001), and it is very labor intensive to create
helpful meta tags.

Listing Web sites in order of relevance. Returned Web pages are usually
ranked based on some relevance measures designed for the search engine, although
the ranking may be inaccurate due to the difficulty of defining relevance. Relevance
is a fundamental, though not completely understood, concept for documentation,
information science, and information retrieval. Studies on relevance fall into the fol-
lowing categories (Mizzaro, 1997): foundations, kinds, surrogates, criteria, dynam-
ics, expression, and subjectiveness. Besides topicality, some other factors also affect
a user’s relevance judgment. Taylor (1986) proposed the following six criteria
adopted by users in expressing dichotomous relevance judgments: ease of use,
noise reduction, quality, adaptability, time saving, and cost saving. There have been
other types of suggested relevance categories (see Fang & Xu, 2001), but most of
these studies are exploratory and preliminary, and there is no consensus concerning
the criteria adopted by users.

Improved Search Engines

Database search engines. Database search engines attempt to provide accu-
rate, high-quality hits by having the search engine process an indexed database for a
Web site. For example, the database search engine used by Fact City is a software
called FactLink (http://www.factcity.com/services.shtml). FactLink manages data
by organizing information in the database into data modules that consist of the origi-
nal information and added information. FactLink also organizes the database into
content modules that consist of metadata. The metadata help describe the content of
the databases to FactLink’s search engine, which uses an XML-based interface to
search and display information. The search engine accepts free-form queries from us-
ers and returns results that are integrated from multiple content modules in the form
of tables, sentences, and so forth. The benefits of Web site database search engines are
that when an item is added to a site, a description of the product (including other
names it is referred to as and related product information) can be added quickly and
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easily into a database. Web site database search engines are also commercially avail-
able (EasyAsk, Fact City, iPhrase, Mercado, and Requisite Technology).

Meta-search engines. Meta-search engines submit the user’s keywords to
several search engines and their databases of Web pages (InFoPeople Project, 2002).
For example, MetaCrawler searches the databases of Alta Vista, Excite, Lycos,
LookSmart, About.com, and so on. Ixquick searches Alta Vista, AllTheWeb, Excite,
Hotbot, MSN, Yahoo, and so on. Users have to download Copernic Basic, but it
searches multiple search engines and Web sites: AltaVista, Direct Hit, Excite, FAST
Search, FindWhat, GoTo.com, HotBot, Lycos, Mamma.com, MSN Web Search,
Netscape Netcenter, Open Directory Project, and Yahoo. Meta-search engines make
it quicker and easier for users to utilize multiple search engines.

OminiSearch. The OminiSearch system utilizes a method that incorporates
new dynamic sources into an integration system in which useful data objects are ex-
tracted from dynamic Web pages without programmer intervention (Buttler et al.,
2001). It maintains the capability to extract relevant information even when faced
with the evolving structure of dynamically changing Web sites. The OminiSearch
architecture consists of four main components: a search execution engine; the
Omini object extraction engine; an autonomous Web crawler to discover and cate-
gorize new sites; and a context catalog to store discovered Web sites, their relevant
contexts, and associated information extraction rules. After entering a search re-
quest, users choose from a list of contexts for their search (e.g., general Web search,
text search, article search, etc.). As described by Buttler et al.,

The search execution engine then requests a list of Web sites that match the chosen con-
text for the search from the context catalog. Then, for each Web site it constructs the ap-
propriate URL based on the user search request and the Web site search interface de-
scription. The URL’s are passed to the Omini object extraction engine, which retrieves
the Web pages and returns extracted objects to the search execution engine for format-
ting. Results from each Web site are grouped together and sent back to the user. If a
page format or query interface change was detected and the object extraction process
failed, new rules are automatically discovered and an update is sent to the context cata-
log. (p. 1)

The autonomous Web crawler component in this method constantly searches the
Web looking for new sources that have searchable interfaces and are related to the
contexts stored in the catalog. The core of the OminiSearch system is its object ex-
traction engine, which converts the extracted and normalized Web page into a tag
tree, allowing only the relevant parts of the document to be extracted.

Content integration for e-business. Stonebraker and Hellerstein (2001)
from Cohera Corporation indicated that content integration can be used to help
search engines function more effectively. According to Stonebraker and Hellerstein,
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content integration deals with cross-business integration of information. For exam-
ple, a distributor must integrate the items from individual catalogs provided by
each supplier, and a travel company wanting to sell airline tickets must keep track of
which seats are available for the different airlines and flights. Information that
needs to be searched can be categorized as constantly changing or slowly changing.
Product availability and price for many e-businesses are often considered volatile or
constantly changing. For these types of information, search based on demand is
needed in which the information is updated and integrated from all sources in-
volved. Other information such as hotel addresses and airport facilities can be
searched in advance and stored so that resources can be focused more to retrieving
changing information that needs to be retrieved instantaneously. Stonebraker and
Hellerstein also indicated that search engines should support search on all fields of
the available information. In addition, given the different types of users that need to
access the information, thesauruses and fuzzy searches (approximate matching of
queries) should be incorporated into the system. Stonebraker and Hellerstein’s
company has created the Cohera Content Integration System that provides infor-
mation retrieval, taxonomies, and automatic classification capabilities to help solve
some of the problems of content integration.

Powerful search engines. Very powerful search engines can make it easy for
users to get good search results. The best example of this kind of search engine is
Google.com. The Google search engine uses a proprietary process to rank pages by
how likely the pages are to contain the desired search information. Users do not
have to worry about capitalization or use operators (such as “and” or “or”). As a re-
sult, for very little user effort, Google produces very helpful search results.

Search Tools

Thesauruses, dictionaries, and alternate spellings. Thesauruses, dictio-
naries, and alternate spellings of words should all be incorporated into a search
engine. Different users do not always think of the same item in the same man-
ner, especially when they use only one or two words to describe the item. The-
sauruses can help solve the problem of ambiguity and allow users to search
more efficiently. Users do not always spell keywords correctly, and the inclu-
sion of dictionaries will reduce the number of “no matches found” error mes-
sages. Users from different countries spell words differently (e.g., color vs. col-
our). Including mechanisms to detect and match alternative spellings of words
increases the ability of a large population of users to quickly and accurately ac-
cess information. For example, Clear Ink’s SpellWeb provides a solution that al-
lows users to enter two queries, and the search engine decides which one is cor-
rect or more popular (http://www.spellweb.com/).

Providing limited search options. To eliminate the problem of users enter-
ing queries that do not yield desired results, designers can choose to present users
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with limited search options. With this method, when users utilize the search func-
tion, a drop-down menu appears offering them a limited number of categories from
which to choose. For example, if the Web site was designed to sell flowers, the
drop-down menu may consist of the following categories: specific flowers, holi-
days, special deals, and so on. Designers can also use multiple limited search option
menus. After the user selects “specific flowers,” another drop-down menu may ap-
pear with the following categories: lilies, roses, orchids, and so forth. After the user
makes the selection “lilies,” another drop-down menu may appear with the follow-
ing categories: Casablanca lilies, stargazer lilies, yellow lilies, and so on. Although
this process narrows the search and ensures that the users’ queries are always valid,
this can be a tedious process, and users may not want to go through the entire series
of steps. Furthermore, this method seems to work better if users know specifically
for what they are looking (Denning, 1992).

Ask users the goals for search. One way to help users find what they are
looking for is to ask them explicitly to indicate the goals and desired outcomes of
their search. This method is currently used by the “Ask Jeeves” search site. Ask
Jeeves allows users to enter a question and attempts to provide answers to the ques-
tions with the goal of conducting an interaction based on understanding users’
goals. For example, if a user is planning to visit the state of California and is inter-
ested in places to visit, the question that could be submitted is, “Where is the best
place to go in California?” Once this query is submitted, the system presents differ-
ent fixed ways to phrase the question, as well as a list of sites that might be relevant.

Designing for Effective Problem Solution

Keeping smart, experienced people in the loop. Today, the most reliable
solution for engineering adaptive systems that are capable of responding to situa-
tions that were not anticipated in the design phase is to include “smart” human op-
erators within the control loop. For example, nuclear power plants operators, air
traffic control operators, or airline pilots are often required to “complete the design”
by creatively responding to situations that were not anticipated by system design-
ers. The ability to do this often reflects implicit knowledge of the work domain. The
type of knowledge that these experts bring to the system is similar to “survey”
knowledge in the context of wayfinding (Rossano, West, Robertson, Wayne, &
Chase, 1999). In contrast, normative procedures or the rules implicit in many auto-
mated systems reflect a kind of “route” knowledge. The survey knowledge of ex-
perts allows them to adapt (i.e., find an alternative solution or path to the goal state)
when the route (implicit in normal operating procedures or rule-based solutions) is
blocked by events that were not anticipated in the system design. The survey
knowledge of experts should be incorporated into procedures or rules to assist the
user when problems arise. One goal of knowledge elicitation is to tap into the im-
plicit survey knowledge of experts so that this knowledge can be reflected in inter-
faces and training protocols. For example, well-designed graphical interfaces can
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sometimes be designed to provide survey knowledge about a work domain. In this
sense, they function as a map that shows the deep structure of the domain. Such
maps may allow operators to respond adaptively when normal procedures do not
satisfy the goals.

Cognitive systems engineering. Cognitive systems engineering has
emerged as a new approach to human–machine systems that considers work as a
system that has emergent properties that are not easily appreciated from within the
traditional disciplines (e.g., Flach & Rasmussen, 2000; Vicente, 1999). It attempts to
discover the deep structure within work domains. To contrast cognitive systems en-
gineering with classical approaches to human factors, the term use-centered has been
used (as opposed to user-centered; Flach & Dominguez, 1995). Cognitive systems
engineering attempts to discover the functional constraints on work through its
analysis, and then to make these constraints explicit to human operators through
the design of interfaces and training protocols. It views technology as tools that me-
diate work. Therefore, for example, the focus of cognitive systems engineering is on
human–work interaction, rather than on HCI. The computer and other technologies
are evaluated in terms of their ability to provide direct perception and direct manip-
ulation of work-related “objects.”

The BookHouse interface example. The BookHouse (Pejtersen, 1989; Ras-
mussen et al., 1994) is a good example where the constraints underlying the func-
tional task are not well understood. In this case, the goal was to help people find
interesting books in a public library. To solve this problem, the interface was orga-
nized to reflect strategies that librarians use to assist patrons. Different areas within
a virtual room were designed to support different search strategies (e.g., search by
genre, search by author or title, or browse). The graphical interface allows patrons to
implement the expert strategies by manipulating graphical objects. In this case, the
patrons’ spatial manipulation skills were translated into intelligent search strate-
gies. An assumption of this approach was that the strategies used by expert librari-
ans were responsive to the deep structure reflected in the organization of libraries
and in the goal to find something interesting.

4.3. Summary and Future Research

Current search engines are for the most part inadequate and inconsistent with
each other. Furthermore, lack of knowledge about how users search for informa-
tion results in users’ perspectives not being incorporated into the search engine
design. In general, user testing of all types with respect to search seems to be de-
ficient (e.g., Hagen, Manning, & Paul, 2000; Nielsen & Tahir, 2001). This defi-
ciency needs to be remedied.

The problems associated with search engines have resulted in a tremendous
amount of research looking at specific methods to remedy the problems. The
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statistical techniques for analyzing natural language have considerable potential
for improving search by taking meaning and intentions into account. Agent-based
technologies can personalize search based on previous search behaviors. Indexing
tools can help organize and structure Web pages, and improved search engines can
improve the hit rate. For example, Google.com shows that a powerful search en-
gine can provide a simple user interface that gets helpful hits on the first page of the
search results. The search engine should be designed to work hard to figure out
what the user means and to prioritize the search results. Search tools can also help
reduce irrelevant hits and retrieve sites that are related to the users’ queries. The
methods discussed with respect to designing for effective problem solution sug-
gest that the search process should take into account the users’ goals.

The methods that seem to have the most promise for returning relevant hits for
each of the major categories are

• Latent semantic analysis.
• Agent-based technologies.
• Meta tags.
• Development of powerful search engines.
• Thesauruses.
• A cognitive systems engineering perspective.

With regard to users, future research should focus on observing, evaluating, and
comparing novice and expert search behavior for given domains. Currently, there
is simply not enough research on analyzing what users do when they search for in-
formation and whether these search techniques and strategies are generalizable
across different domains. More research should be conducted to find out what
strategies users adopt to get a hit with the top five queries when they have a defi-
nite search goal. Furthermore, studies should also be conducted to determine the
role of experience in facilitating search techniques. With experience, users should
learn to become better searchers, and determining what can be done to facilitate
learning to search will be beneficial.

One research problem with browsing is to determine how to design the informa-
tion hierarchy. Numerous studies have been undertaken to address the hierarchy
design of computer menu systems (Jacko & Salvendy, 1996; Jacko, Salvendy, &
Koubek, 1995), but these findings were based on the assumption that the response
time of each step is constant and users have some basic training before they use the
system. Because this assumption does not hold for Web applications, the findings
about computer menu systems may not be applicable to Web applications. Another
research question that needs to be understood is when and how to apply browsing
and keyword searching in a Web application.

5. PRESENTATION OF INFORMATION

Even if software engineers develop search engines that elicit the appropriate
information with a logical and manageable structure, effective and efficient re-
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trieval of this information requires that the information be displayed in a man-
ner that is compatible with the user’s goals and models. The question of inter-
est, then, is what is the best way to present information? Web design generally
begins with an initial definition of the design and evolves into a detailed de-
sign, from which iterative cycles of evaluation and improvement transpire
(Martel, 1998). For example, when clients approach designers to develop a Web
site for their business, the designer often analyzes the wants and needs of the
clients. Often designers will look to existing products within their own product
lines and competitors’ products (Stanney et al., 2001). The information ob-
tained can provide ideas to fuel truly innovative Web designs that uniquely
meet clients’ needs. The designer then develops an objective for the site that
drives the design process.

Because clients often demand that the Web site be constructed in a short amount
of time, the designer must define the target users in terms of their objectives, work
environments, and lowest common technology used (Najjar, 2001). This informa-
tion will allow designers to develop prioritized functional requirements that meet
the users needs. The designer then begins to structure the site, organize its func-
tions, and design the user interface. Iterative user testing is then performed to en-
sure the effectiveness of the site.

5.1. What Are the Current Problems That Prevent Effective
Information Display?

Lack of Attention to Usability Issues

Despite the demonstrated cost effectiveness of a user-centered approach, most
user interfaces are designed without user input. Therefore, the information is orga-
nizedandpresentedinawaythat is intuitive fordesigners,butnot forendusers (e.g.,
Tullis, 1993). There are many reasons for this inattention to usability in design:

• Presently, there is an inadequate number of interface designers with expertise
in usability. There are few graduate programs in applied user interface design.

• There is no emphasis on performing usability evaluations early and through-
out the design process. Usability evaluation is often not incorporated until the late
design stages, making changes either more costly or impossible. According to
C.-M. Karat (1990), for each dollar spent to fix a problem during early design
stages, $10 must be spent to fix the same problem in later stages.

• A common misconception in the business community is that time and
financial costs involved in usability evaluations are high, and the return on
investment is questionable. Yet, IBM’s Ease-of-Use Web site states, “The rule of
thumb: Every dollar invested in ease of use returns $10 to $100” (I.B.M., n.d.).
C.-M.. Karat (1997) showed that an early focus on usability evaluations actually
advanced a product’s release date. Other benefits of usability evaluations include
lower training costs, increases in productivity, reduction in customer support
costs, and increases in customer satisfaction (Bias & Mayhew, 1994; Mayhew,
1999). Obviously, these benefits are not being made known to those responsible
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for allocating resources to usability evaluations. User interface design profession-
als must spend more time educating the business community on these benefits.

• Usability testing is sometimes conducted only on a small group of “average”
users rather than on a range of diverse users (Stephanidis & Emiliani, 1999; Weber
1999). Therefore, it is difficult to generalize the test results to the end users. Although
this may be appropriate for products aimed at a specific target group, Web applica-
tions must be usable to users with a wide range of backgrounds and abilities.

• There is reliance on guidelines (which are not always followed), rather than
on usability testing.

Not Enough Time to Iterate the User Interface Design

Whendesignersget feedbackfromusers, theycanimprovethewayinformationis
presented on Web pages. Designers can use a series of iterative design–feedback–re-
design steps to create pages that are easy to use and understand. Unfortunately,
many Web projects do not allocate enough time for these iterative design cycles.

Lack of Standardized Guidelines

As mentioned earlier, guidelines provide useful information regarding how in-
formation should be presented. Although some general guidelines (e.g., Nielsen,
1997a) are well known to user-interface designers, many guidelines for specific
user tasks (e.g., data displays, Smith & Mosier, 1986; e-commerce user interface de-
sign, Najjar, 2001) are hidden in conference proceedings and other specialized pub-
lications. Moreover, guidelines are sometimes contradictory. Guidelines are not
always followed (e.g., putting too much information on a page, poor cueing for im-
portant areas, etc.) when they should be and are sometimes enforced in special
cases where they should not be (e.g., horizontal scrolling should be allowed when
information needs to be compared, Najjar, 2001). Although adherence to design
guidelines can improve user interactions with information displays, the guidelines
need to be organized around specific tasks and displays for maximum benefits.
Finally, guidelines often focus on the visual presentation of information, whereas
new interaction platforms and devices increasingly make use of other or additional
modalities (e.g., speech output, voice input). For these additional modalities, no
comparable sets of established and accepted guidelines exist.

Designing for Multiple Cultures

One problem for global e-commerce is that the Web site must be designed in a
manner that can be translated into various languages. The varying protocols of
multiple cultures and languages pose a difficult design challenge for any company.
Furthermore, because the users are heterogeneous, a site’s information should not
lose its meaning through translation, and the translated version should incorporate
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cultural differences. For example, white is the color of mourning in Japan. There-
fore, to avoid offending Japanese users, do not use white text.

Inaccessibility

Among the ingredients of success of the emerging information society, accessi-
bility is considered to be of paramount importance. The issue of accessibility con-
cerns the right of all users to be “connected” (i.e., to obtain and maintain access) to a
society-wide pool of information resources and interpersonal communication fa-
cilities, given the varieties of context (Stephanidis & Emiliani, 1999). Designing for
disabled populations often produces benefits to people without disabilities
(Vanderheiden,1997), yet very few Web sites currently comply with guidelines for
allowing disabled persons to use Web sites. In the United States, the Americans
with Disabilities Act (U.S. Department of Justice, 1990; 28 C.F.R. Sec. 36.303; 28
C.F.R. Sec. 35.160) requires that Web pages be “accessible to people with disabili-
ties, unless doing so would result in a fundamental alteration to the program or ser-
vice or in an undue burden.”

Currently, a topic under discussion in Europe is the participation of all people in
the knowledge society (eEurope, 2002 initiative of the European Commission,
2000). In its e-accessibility action line the initiative focuses mainly on the provision
of access to the Web. If Web pages are properly designed (e.g., by following the
W3C–WAI guidelines of the World Wide Web Consortium, 1997–2002), they are ac-
cessible by users with diverse sensory abilities (e.g., blind or visually impaired us-
ers), but also through different access devices and software applications (e.g.,
nonvisual browsers like the AVANTI Web browser; see Stephanidis, Paramythis,
Akoumianakis, & Sfyrakis, 1998).

Lack of Research on How Information Should be Presented to Facilitate
Web Searching

Web searching is an interactive process. The user enters a search query, reviews
the returned search results, and then may refine the initial search query. During this
process, what and how to present the search results plays an important role be-
cause the information not only potentially gives the user what he or she wants, but
also provides clues that could be used to refine the search. The information dis-
played in the results page is not very helpful (Haskin, 1997; Hearst, 1997). Few
studies have been undertaken on these issues.

5.2. What Are the Well-Known, Existing Methods Being Used to Remedy
These Problems?

Generally, information displays are evaluated with usability testing. Usability test-
ing is perceived by many as time consuming and expensive, despite evidence to the
contrary (e.g., C.-M. Karat, 1994; C.-M. Karat, 1997; Nielsen & Coyne, 2001; for a re-
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view, see Bias & Mayhew, 1994). Another method for evaluating information dis-
plays uses design guidelines. Designers are encouraged to use them in the design
process, and usability engineers often evaluate designs for guideline violations. The
most cited Web user interface design guidelines are, “top ten mistakes of Web de-
sign,” “top 10 new mistakes of Web design,” and “ten good deeds in Web design,”
proposed by Nielsen (1997a, 1999b, 1999c, respectively). Although following these
guidelines can improve the usability of Web sites, complying with the guidelines
does not eliminate the need for usability evaluations. The following sections discuss
some of the current methods used to present information effectively.

User Testing

As indicated earlier, it is important to involve users in the evaluation of a prod-
uct to promote effective and efficient user interactions with the product. User-test-
ing methods assess the adequacy of systems in terms of their compatibility with the
characteristics of the potential users and their effectiveness in helping users
achieve their goals. Some companies have their own usability labs. It is important
that companies hire qualified usability experts to design the interface to convey in-
formation effectively. Furthermore, user testing is normally conducted using pro-
totypes to identify problems during product design. A prototype is a model of the
complete system or interface that looks and works like the proposed system, but is
usually incomplete and easier to change (e.g., Najjar, 2000). Prototypes are easily al-
tered to accommodate design changes identified during usability testing for testing
alternatives. Prototypes may be used in all the types of usability tests described
later. The earlier user needs and feedback are used in the design process, the more
quickly and cheaply design improvements can be made. The following is a descrip-
tion of the most common methods of user testing for assessing information presen-
tation issues. The first six are only described briefly because they are minor
variations of methods previously described for use in knowledge elicitation.

Naturalistic and field observations. One method for evaluating how users
interact with a product is to observe users unobtrusively in their environments (see
Proctor & Van Zandt, 1994). This method focuses on real-world interactions with
the system and usually requires usability engineers to visit the site they are studying
to collect information. This technique is often used early in the design cycle, when
information is gathered about the context regarding the existing products. One ad-
vantage of this approach is that evaluators can determine whether users actually
use the system (Eason, 1984; Nielsen, 1993).

Interviews. Interviews are formal methods of gathering information. As de-
scribed in the knowledge elicitation section, there are two types of interviews: struc-
tured and unstructured. With structured interviews, users answer a set of predeter-
mined questions; and with unstructured interviews, users provide answers or
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descriptions about a task or interface. The type of interview to be conducted de-
pends on the goals of the interviewer.

Contextual inquiries. Contextual inquiry is an exploratory interview
method. It is aimed at providing the usability engineer with background informa-
tion on the use of a product. It helps develop a context regarding how the product is
being or will be used, how users interact with the product, and so on. Contextual in-
quiries combine the methods of interview and observation. Contextual inquiries fo-
cus on understanding users’ work habits and their interactions with the system.

Focus groups. Focus groups usually consist of a group of users that are
brought together to discuss different issues regarding the features of a system. The
group interaction allows for the exchange of ideas as well as feedback from the
group. The group is usually moderated by a usability engineer who keeps the dis-
cussion on track. If users involved in the focus group have not actually used the sys-
tem for a period of time, they must rely on the demonstrations provided by the mod-
erator. Because watching the moderator or another user perform or interact with the
system is not the same as actually interacting with the system, the feedback pro-
vided by the focus group may not identify all the usability issues that would have
been identified if the user explored the system.

Questionnaires. Questionnaires are often used to gather information about
user preferences for a system (e.g., Chin, Diehl, & Norman, 1987). Questionnaires
can be sent quickly to a wide range of users and have the potential for gathering a
significant amount of meaningful data. However, the return rate for questionnaires
is often low and what users say they do and what they actually do often differ (e.g.,
Nielsen, 2001a).

Journals and logs. Journals and logs are notes kept by users that log their
activities and thoughts. The details of the logs are dependent on the conscientious-
ness of the user. Users may not log all their activities or thoughts, and usability en-
gineers might not understand parts of users’ reports. This method is also used in
the early stages of development to obtain information on what and why users per-
form certain tasks.

Heuristic analysis. With heuristic analysis, several usability evaluators inter-
act and examine the interface to judge its compliance with a set of established usability
rules of thumb (e.g., Nielsen, 2001b). Nielsen (1993) showed that three to five evalua-
tors working independently will find 80% of the usability problems. Agroup of inde-
pendent evaluators is preferred because different evaluators will focus on different
problems, increasing the likelihood that the collective list of problems will be more
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complete. The evaluators also assign usability severity ratings to each problem. This
provides designers with a hierarchy of problems and their severity. Heuristic analyses
are conducted in early design phases because they provide quick methods to find ma-
jor usability problems. They are also used to evaluate competing sites.

Walkthroughs. Walkthroughs are system evaluation methods whereby de-
signers interact with the system from the user’s point of view to find usability prob-
lems. There are two major types of walkthroughs: cognitive and pluralistic. Acogni-
tive walkthrough is a method in which a usability engineer constructs scenarios of
users interacting with the system. The usability engineer then works through the
scenarios while assuming the role of the user. The engineer notes problems that pre-
vent users from completing their tasks. Apluralistic walkthrough is a method that is
conducted by one or more usability engineers, system designers, and users. The us-
ers interact with the system while the usability engineer records problems with the
product. The system designer’s role is to answer questions regarding the system
(Wharton, Rieman, Lewis, & Polson, 1994).

Usability testing. Usability testing is a technique for assessing the usability
of a prototype or incomplete version of a Web site. In a usability test, a represen-
tative user is given a scenario and performs a set of tasks on the Web site. The
tasks are designed to elicit problems with the interface. The session is usually
videotaped. User performance measures (e.g., such as time on task and number
and severity of errors) are recorded and defined as indicators of usability (Niel-
sen, 1993; Scerbo, 1995). The user also completes questionnaires on the usability
of each task and the usability of the Web site as a whole. The users are run sepa-
rately, and each testing session is mediated by a usability engineer who either
stays in the room with the user or moves to an observation room where the user
is observed through a one-way mirror or video screen. While the user is interact-
ing with the interface, the user may be asked to think aloud. The user is in-
structed to verbalize his or her thought processes, feelings, preferences, and
problems while performing the task. The usability engineer mediates the session
by asking questions relevant to the task. Sometimes a method of joint discovery
is used where two users interact with the system. This allows examination of sit-
uations in which users are working with other people to complete a task and pro-
vides a more natural method of thinking aloud. Early testing of prototypes and
mockups can find potential problems when the cost and time to make fixes is
lower than completed Web sites (Mayhew, 1999; Nielsen, 1993; Scerbo, 1995).

Ensure That Critical Information Items That Support the Web Design
Process Have Been Addressed

Stanney et al. (2001) suggested that the following activities be completed to en-
sure that the critical information items that support the Web design process have
been addressed:

• Identify necessary goals, functions, objectives, desires, behavioral patterns,
and usage contexts to be met by Web design.
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• Become familiar with users’ roles (both situated and formal), practices, tools,
equipment, organizational factors, and vernacular of Web environment.

• Characterize user profiles in terms of psychological characteristics, underly-
ing cognitive processes and knowledge structures, experience, job and task charac-
teristics, information needs, and physical attributes.

• Develop information models via knowledge elicitation (e.g., interviews, pro-
tocol analysis, questionnaires, concept sorting, focus groups, critical incident re-
ports, abduction, narrative, observation and ethnographic study, expert systems,
expert diary, log files, semantic analysis, wants and needs analysis, and group task
analysis) that are relevant, accurate, adaptable to changes in user and group behav-
ior, and generalizable.

• Acknowledge individual and group differences within the target user population.
• Develop an information architecture that reflects formal and informal prac-

tices, goals, activities, and organizational structures and has highly usable naviga-
tion structure.

• Conduct a competitive analysis and identify means of organizing and struc-
turing information in a way that promotes efficient and effective retrieval, yielding
an advantage over competitors.

• Set usability goals that promote efficient and effective information retrieval.

Ecological Interface Design

Ecological interface design, described earlier, is based on the idea that the inter-
face should explicitly display the constraints of a work domain to the user. Vicente
(1999) stated, “According to EID [ecological interface design], to properly support
such knowledge-based behavior, an interface should display the physical and
functional properties of the work domain in the form of a multilevel representation
based on the abstraction hierarchy” (p. 63). For interface design, the user’s behav-
ior mode should be kept as low as possible, because response times will be shorter
and fewer errors will be made.

Jungk, Thull, Hoeft, and Rau (1999) designed an interface to support the deci-
sion making of anesthetists based on ecological interface design. An anesthetist’s
decision-making process is based on a concept of partly abstract physiological pa-
rameters (e.g., depth of anesthesia) derived by combining parameter relations and
additional context information. However, current displays typically show vital pa-
rameters as trends along a timeline and do not visualize the concept. Jungk et al.
developed a new interface based on the ecological principle of displaying all infor-
mation necessary for decision making in a single display. Their display visualized
35 relevant parameters for anesthesia monitoring according to their function (e.g.,
temperature, respiratory mechanics and gases, etc.). Their studies suggest that the
ecological interface may provide better support for the anesthetists’ concept of de-
cision making than do traditional trend displays.

Self-Adaptation

In HCI, self-adaptation of a system’s interactive behavior has been proposed as a
framework for providing accessibility and high interaction quality to all potential
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users, on the basis of each user’s individual abilities, requirements and preferences,
as well as of the context in which interaction takes place and of the adopted interac-
tion technology (Stephanidis, 2001). For more than a decade, adaptation has been
discussed as an approach for coping with the problems of diversity in the HCI field
(Browne, Totterdell, & Norman, 1990; Brusilovsky, 1996; Stephanidis, 2001).

Adaptation implies the capability on the part of the system to capture and repre-
sent knowledge concerning alternative instantiations suitable for different users,
contexts, purposes, and so on, as well as of reasoning about those alternatives to ar-
rive at adaptation decisions (Savidis, Akoumianakis, & Stephanidis, 2001). Fur-
thermore, adaptation implies the capability to assemble, coherently present, and
manage at run time the appropriate alternatives for the current users, purposes of
use, and context (Savidis & Stephanidis, 2001). Adaptation is a multifaceted pro-
cess that can be analyzed along three main axes, namely the source of adaptation
knowledge, the level of interaction at which it is applied, and the type of informa-
tion on which it is based (Stephanidis, 2001; see Figure 4).

Regarding the source of adaptation knowledge, one can identify two comple-
mentary classes: knowledge available at start-up, that is, prior to the initiation of
interaction (e.g., user profile, platform profile, usage context); and knowledge de-
rived at run time (e.g., through interaction monitoring, inspection of the comput-
ing environment). Adaptation behavior based on the former type of knowledge is
termed adaptability and reflects the capability on the part of the interface to tailor
itself automatically to the initial interaction requirements, as these are shaped by
the information available to the interface. Adaptation behavior based on the latter
type of knowledge is termed adaptivity and refers to the capability on the part of the
interface to dynamically derive further knowledge about the user, the usage con-
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text, and so forth, and use that knowledge to further modify itself to better suit the
revised interaction requirements.

The second axis of analysis of adaptation concerns the level of interaction at
which adaptations are applied. In particular, it is possible to design and effect ad-
aptations at all three levels of interaction:

1. The semantic level (e.g., by employing different metaphors to convey the
functionality and facilities of the underlying system).

2. The syntactic level (e.g., by deactivating alternative dialogue patterns, such
as, for example, object function vs. function object interaction sequencing).

3. The lexical level (e.g., grouping and spatial arrangement of interactive ele-
ments, modification of presentation attributes, alternative input–output de-
vices).

The third main axis of analysis concerns the type of information being consid-
ered when deciding on adaptations. Exemplary categories of information that can
be employed include the following: design constraints, as these are defined by user
characteristics (e.g., abilities, skills, requirements, preferences, expertise, cultural
background); platform characteristics (e.g., terminal capabilities, input–output de-
vices); task requirements (e.g., urgency, criticality, error proneness, sequencing);
and so on. Furthermore, information that can only be acquired during interaction
can equally participate in the decision process (e.g., identifying the user’s inability
to successfully complete a task, inferring the user’s goal or intention, detecting
modifications to the run-time environment).

Conceptual Design Methods

Conceptual design methods can determine the type of information users expect
with a certain interface. This information is organized into sequences or hierarchies
that can be used to for displaying information in a manner that is consistent with
the users’ mental models of the system.

Statistical Ranking Methods

Statistical ranking methods can be used to rank information from servers and
databases according to the probability that they contain relevant information for a
given user query (e.g., see the sections on latent semantic analysis).

Cognitive–User Modeling

The term user model has many different meanings (e.g., user’s mental model of a
system). Here, models of the user’s knowledge of the system and task are referred
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to, which are also known as cognitive models. Booth (1989) cited the following ad-
vantages of cognitive–user models:

• The modeling process itself can help in matching system features to the
needs of the user.

• User models can suggest metaphors (e.g., desktop) to improve user learning
and understanding.

• User modeling can guide design decisions and choices by making the as-
sumptions about the users explicit.

• User models can provide a method for evaluating alternative design solu-
tions. Ideally, quantitative comparisons (e.g., learning or performance times;
cognitive complexity) can be made between proposed designs.

Developing user models is essentially a process of task analysis. Unlike most
task analysis methods, however, cognitive modeling provides a structured format
(usually based on principles of human cognition) for the description of user
performance. The most widely known family of cognitive modeling techniques is
the goals, operators, methods, selection (GOMS) model first described by Card,
Moran, and Newell (1983). A GOMS model is a description of the user’s task goals,
methods needed to accomplish specific goals and selection rules for applying
methods when multiple methods exist. Methods are sets of (often observable) op-
erators that the user performs.

Since Card et al.’s (1983) initial GOMS model of simple text editing, several varia-
tions on the basic GOMS model have been developed (e.g., CPM–GOMS, NGOMSL,
John & Kieras, 1996b). Successful applications of the GOMS modeling range from an
analysis of a telephone operator’s directory assistance workstation to a nuclear
power plant operator’s associate (for a review, see John & Kieras, 1996a).

Cognitive modeling is often criticized for the amount of time required to de-
velop models. However, more practical approaches have been developed (e.g.,
Kieras, 1997). Moreover, John and Kieras (1996a) pointed out that this perception of
the time required for GOMS modeling is based on the early development of com-
plete research-based GOMS models. In practice, modeling can be performed on a
critical subset of the user tasks, significantly reducing development time.

The Field of Semiotics

Semiotics is the study of signs (Chandler, 2001). It includes not only signs of the
type usually of concern in human factors (i.e., visual displays of information) but
also photographs, drawings, words, and body language. In short, a sign is any-
thing that stands for something else. Contemporary semiotics is concerned with
sign systems and how meanings are made, conveyed, and maintained by these sys-
tems. Semiotics encompasses syntax (the structural relations among signs), seman-
tics (the relation of signs to what they signify), and pragmatics (the relation of signs
to the persons interpreting them). The general idea is that people make meanings
through the creation and interpretation of signs.
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Lytje (2001) took a cognitive linguistic perspective to user interface design. He
suggested a semiotic analysis of the software interface, viewing the interface as an
interplay between “1) the structural characteristics of interface signs, 2) the mean-
ing of the signs, and 3) the implementation of the signs” (p. 229). At what Lytje
called the expression plane, the signs of the user interface are symbolic representa-
tions that enable the user to interact with different kinds of information. At the
content level, cognitive schemas are activated when interacting with a software
product, allowing interpretation of the sign. The general idea is that the contextual
background must be made explicit so that the appropriate schemas are activated to
allow the user to understand the meaning of the sign.

Standardizing User Interfaces

One of the reasons why information is not presented in an effective manner is that
Web user interfaces are so different from each other that users cannot create a mental
model that can be used in all situations. For example, the navigation controls for Web
sites are often in different locations. By producing a set of generalizable guidelines
for a given domain, users will be able to transfer their knowledge and expectations
fromoneuser interfacetoanotherwithlittle interference.Althoughtherehasbeenan
emphasis in recent years to allow user customization based on individual needs, es-
tablishing basic standard guidelines will still be beneficial (e.g., Nielsen 1999a).

Framing the Problem as One of “Genre”

Most hypertext research has sought to solve the problems of users navigating in-
formation space by either (a) providing better navigation tools, or (b) providing
better labels and indexing—one is a spatial help, the other is a semantic help. For
working with digital information spaces spatial and semantic cues are needed, at
the same time. To do this, one needs to understand both the surface cues and the
deep structure of different genres of Web sites, Web applications, and whatever co-
mes next. A genre, by definition, is a set of conventions, but is more than the surface
conventions; it is also the deep structure (Vaughan, 2000).

Taking Different Users Into Account When Presenting Information

Although the Web is available to anyone, it is unlikely that organizations intend
to conduct business with everyone. Companies routinely select target markets for
their products as part of strategic planning. It is no different when the selling outlet
is the Web instead of a brick and mortar store. Unlike brick and mortar environ-
ments, however, companies selling online may collect, store, analyze, and use data
on individuals that purchase or even just visit a site. Although it is possible that de-
mographic or psychometric characteristics impact site preferences, little is known
about that impact or its extent.
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Goodhue (1995) proposed that users of information systems possess characteris-
tics that determine their propensity to use information systems and their skill at
using them. These characteristics include those within the individual, such as cogni-
tive skills, as well as social norms and environmental characteristics. Characteristics
of consumers have been identified and investigated to the point that a Handbook of
Marketing Scales exists for guidance (Beardon & Netemeyer, 1999). Commerce on the
Web incorporates aspects of both these environments, using information systems
and marketing, because use of the Web for shopping is discretionary. Preliminary
studies have identified areas of importance to online consumers in general. They are
transaction security, information quality, and information quantity (Lightner, 2001).
In addition, the presence of a combination of both text and pictures for product de-
scriptions is preferred, with textual descriptions alone preferred over pictures alone
(Lightner & Jackson, 2001). Evidence suggests that differences in preferences exist
between demographic groups as well, with younger respondents valuing sensory
impact more than older respondents (Lightner, 2001).

Discussions concerning consumer groups include lifestyle factors and level of
comfort with technology as possibly determining interface preferences. Difficulties
arise when determining user preferences for a technology that is relatively new. As
consumers gain experience, their preferences may change. This evokes the di-
lemma of reacting to a user’s changing preferences or directing users to become
proficient at a site that is designed with efficiency in mind. Because commercial
Web sites are complex software systems that are resource intensive to develop and
maintain, this dilemma has real implications for company planning.

Designing for special populations.

It is necessary to consider the special characteristics of users in the information
presentation to get a better performance in Web browsing and searching tasks. The
Americans With Disabilities Act specifies that, to accommodate disabled persons,
every image needs to include a textual alternative. However, there is much infor-
mation in complex images that cannot be expressed verbally. Consequently, pre-
processing images to improve their comprehension may also be of benefit to users
with disabilities.

Yang and Lehto (2001) conducted research regarding what types of images on
the Web should be processed and how this processing should be done to increase
the accessibility for the visually disabled users. The results showed that the use of
image processing can improve image understandability for visually challenged
Web users. Segmentation and edge detection algorithms in the image processing
technology, which are of particular interest due to their relatively small computa-
tional requirements, were used in this study to simplify Web images. Blind partic-
ipants interpreted photographic images (typical of those found on the Web),
converted into tactile form, more accurately after image processing. Segmenta-
tion was somewhat more effective than edge detection. The understandability of
less complicated Web images, such as symbols, was not significantly increased by
either method. Furthermore, blind users performed better on Web browsing tasks
after Web pages were simplified using the segmentation method.
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5.3. Summary and Future Research

A key factor for displaying information successfully is to involve users testing
throughout the design process. Currently, this does not seem to be the common
practice. Furthermore, the user interfaces for most Web sites are not designed to al-
low equal access for all users. To remedy the problems associated with the way in-
formation is displayed, future research should focus on determining research tools,
techniques, and methodologies that incorporate user feedback earlier in the design
process (e.g., Najjar, 2000). Currently, most user testing is conducted late in the de-
sign process. However, many of the methods described previously focus on gather-
ing user input earlier in the design phase. Detailed evaluations of the contributions
of the alternative methods applicable at early stages need to be performed, and em-
phasis should be placed on developing and evaluating methods applicable to ear-
lier stages, when it is quicker, easier, and cheaper to make design improvements. To
facilitate the incorporation of usability into the user interface design process, re-
search that examines ways to quickly and effectively train user interface design ex-
perts on usability will also be beneficial.

In the process of incorporating user feedback into product design, researchers
need to develop research-based user interface design guidelines for the Web and
promote the use of these guidelines. These guidelines can then serve as a founda-
tion for developing a catalog of Web user interface design templates that can be
customized for Web sites. Furthermore, these templates can be designed in a way
that is compliant with the Americans With Disabilities Act.

Because there is an increasing tendency to allow users to customize the way
information is presented or to program the system to adapt to users preferences
based on their past actions, studies need to be conducted to determine the costs
and benefits of these options. For example, to determine the degree of adaptabil-
ity the system should perform, appropriate user modeling based on an individ-
ual’s tolerance level should be conducted. Because individuals have limits
regarding how much information or restrictions can be given to them, and the
quality of the adaptations made by the system, users may want more or less con-
trol over the system’s settings.

6. CONCLUSIONS

Content preparation and management has developed into one of the central con-
cerns regarding efficient use of the Internet and of organizational intranets. The
challenge is finding ways to prepare and manage content so that the full range of us-
ers will be able to access the information that they need quickly and easily. Content
preparation is critical to the success of companies’ electronic endeavors, resulting in
the growth of numerous businesses devoted to providing this service.

This white paper has reviewed several areas of concern with respect to content
preparation and management. The first area is that of how to elicit the knowl-
edge and information that needs to be contained in a particular Web site or appli-
cation. Many knowledge elicitation techniques were described, which can be
used effectively to extract knowledge from various user groups. However,
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knowledge elicitation arose originally as a topic of concern in the development of
expert systems and only recently has emerged as a focus for development of
Web-based applications. Consequently, the most sophisticated methods are di-
rected toward elicitation of expert knowledge rather than toward content devel-
opment. The need exists for a concentrated research effort with the specific goal
of developing and analyzing knowledge elicitation techniques for content prepa-
ration in various domains.

The second area considered was that of the organization and structuring of con-
tent for the Web. It was indicated that the organization and structure of information
should reflect the context, content, and users, and numerous methods relevant to
Web design were described. The major issue that needs to be resolved is to deter-
mine the fundamental elements of information for specific tasks. Significant strides
toward addressing this issue have been made with respect to natural language pro-
cessing, and research should focus on how best to implement the current methods,
such as latent semantic analysis to improve natural language interfaces. Research
also needs to focus on developing similar methods for determining and organizing
meaning elements from images and the physical environment.

The third area investigated was improving Web search through making informa-
tion retrieval more effective. Considerable knowledge is already available for ways
to improve the effectiveness of search. After evaluating these methods, it was pro-
posed that several methods with the most promise should be the focus of future re-
search. Of particular concern with regard to the issue of search is a relative lack of
research on what strategies are used by various users when engaging in the task.

The last area considered involved the design of the user interface to provide ac-
cessibility to all and to maximize usability. The major issues pertaining to this area
involve mapping the structure and organization of information to the interface dis-
play, conveying the information in a manner that promotes successful interactions
with users, and designing for all potential user groups. In general, there is inade-
quate consideration of users throughout the design process. Although much is
known about usability testing in general, more thorough evaluations of the contri-
butions of alternative methods and the best way to incorporate usability informa-
tion in the design process are needed.

At a global level, this white paper illustrates that there is a wealth of knowledge
in many disciplines that bears on issues pertaining to content preparation and
management. This review has only touched on the range of methods and theories
that may be of benefit to content design. It is clear that integration of this informa-
tion in a way that will significantly advance the state of the art in content prepara-
tion and management will require a concerted multidisciplinary effort involving
academia and industry.
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