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10.6.6 Using Hyperlinks to Organize Retrieval Results

Although the SuperBook authors describe it as a hypertext system, it is actu-
ally better thought of as a means of showing search results in the context of a
structure that users can understand and view all at once. The hypertext com-
ponent was not analyzed separately to assess its importance, but it usually is
not mentioned by the authors when describing what is successful about their
design. In fact, it seems to be responsible for one of the main problems seen
with the revised version of the system — that users tend to wander off (often
unintentionally) from the pages they are reading, thus causing the time spent
on a given fopic to be longer for SuperBook in some cases. {Using completion
time to evaluate users on browsing tasks can be problematic, however, since by
definition browsing is a casual, unhurried process [804].)

This wandering may occur in part because SuperBook uses a. non-standard
kind of hypertext, in which any word is automatically linked to occurrences of
the sarme word in other parts of the document. This has not turned out to be
how hypertext links arc created in practice. Today, hyperlinked help systems
and hyperlinks on the Web make much more diseriminating use of hyperlink
connections (in part since they are usually generated by an author rather than
automatically). These links tend to be labeled in a somewhat meaningful manner
by their surrounding context. Back-of-the-book indexes often do not contain
listings of every occurrence of a word, but rather to the more important uses or
the beginnings of series of uses. Automated hypertext linking should perhaps be
based on similar principles. Additionally, at least one study showed that users
formed better mental models of a small hypertext system that was organized
hierarchically than one that allowed more flexible access [226]. Problems relating
to navigation of hypertext structure have long been suspected and investigated
in the hypertext literature {181, 551, 440, 334].

More recent work has made better use of hyperlink information for provid-
ing context for retrieval results. Some of this work is described below.

Cha-Cha: SuperBook on the Web

The Cha-Cha intranet search system [164] extends the SuperBook idea to a
large heterogeneous Web site such as might be found in an organization’s in-
tranet. Figure 10.21 shows an example. This system differs from SuperBook in
several ways. On most Web sites there is no existing real table of contents or
category structure, and an intranet like those found at large universities or large
corporations is usually not organized by one central unit. Cha-Cha uses link
structure present within the site to create what is intended to be a meaningful
organization on top of the underlying chaos. After the user issues a query, the
shortest paths from the root page to each of the search hits are recorded and
a subset of these are selected to be shown as a hierarchy, so that each hit is
shown only once. (Users can begin with a query, rather than with a table of con-
tents view.) If a user does not know to use the term ‘health center’ but instead
queries on ‘medical center,’ if ‘medical’ appears as a term in a document within
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Figure 10.22 Example of a Web subset visualized by Mapuccine (courtesy of M.
Jacovi, B. Shaul and Y. Maarck).

Mapuccino: Graphical Depiction of Link Structure

The Mapuccino system (formerly WebCutter) [627] allows the user to issue a
query on a particular Web site. The system crawls the site in real-time, checking
each encountered page for relevance to the query. When a relevant page is found,
the weights on that page’s outlinks are increased. Thus, the search is based partly
on an assumption that relevant pages will occur near one another in the Web
site. The subset of the Web site that has been crawled is depicted graphically
in a nodes-and-links view {(see Figure 10.22). This kind of display does not
provide the user with information about what the contents of the pages are, but
rather only shows their link structure. Other researchers have also investigated
spreading activation among hypertext links as a way to guide an information
retrieval system, e.g., [278, 555].

10.6.7 Tables

Tabular display is another approach for showing relationships among retrieval
documents. The Envision system [273] allows the user to organize results accord-
ing to metadata such as author or date along the X and Y-axes, and uses graphics
to show values for attributes associated with retrieved documents within each
cell (see Figure 10.23). Color, shape, and size of an iconic representation of a
document are used to show the computed relevance, the type of document, or
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Figure 10.24 The TablelLens visualization [666].

of interest in the middle of the display, compressing less important information
into the periphery on the sides of the wall. The idea is to show in detail the cur-
rently most important information while at the same time retaining the context
of the rest of the information. For example, if viewing documents in chronolog-
ical order, the user can easily tell if they are currently looking at documents in
the beginning, middle, or end of the time range.

These interfaces have not been applied to information access tasks. The
problem with such displays when applied to text is that they require an attribute
that can be shown according to an underlying order, such as date. Unfortunately,
information useful for organizing text content, such as topic labels, does not
have an inherent meaningful order. Alphabetical order is useful for looking up
individual items, but not for seeing patterns across items according to adjacency,
as in the case for ordered data types like dates and size.

10.7 Using Relevance ludgements

An important part of the information access process is query reformulation, and
a proven effective technique for query reformulation is relevance feedback. In its
original form, relevance feedback refers to an interaction cycle in which the user
selects a small set of documents that appear to be relevant to the query, and the
system then uses features derived from these selected relevant documents to re-
vise the original query. This revised query is then executed and a new set of docu-
ments is returned, Documents from the original set can appear in the new results
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Figure 10.25 An example of an interface for relevance feedback [448].

but at the same time, this can serve as feedback indicating that the revised
query does not downgrade the ranking of those documents that have been found
especially important. One solution is to retain a separate window that shows the
rankings of only the documents that have not been retrieved or ranked highly
previously. Another solution is to use smaller fonts or gray-out color for the
titles of documents already seen.

Creating multiple relevance judgements is an effortful task, and the notion
of relevance feedback is unfamiliar to most users. To circumvent these prob-
lems, Web-based search engines have adopted the terminology of ‘more like this’
as a simpler way to indicate that the user is requesting documents similar to
the selected one. This ‘one-click’ interaction method is simpler than standard
relevance feedback dialog which requires users to rate a small number of doe-
uments and then request a reranking. Unfortunately, in most cases relevance
feedback requires many relevance judgements in order to work well. To partly
alleviate this problem, Aalbersberg [1] proposes incremental relevance feedback
which works well given only one relevant document at a time and thus can be
used to hide the two-step procedure from the user.

10.7.2 Studies of User Interaction with Relevance Feedback Systems

Standard relevance feedback assumes the user is involved in the interaction by
specifying the relevant documents. In some interfaces users are also able to
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browsing sessions. Thus, a user who often reads kayaking pages is at another
time reading the home page of a professional contact and may be alerted to
the fact that the colleague’s personal interests page contains a link to a shared
hobby. The system uses a best-first search strategy and heuristics to determine
which pages to recommend most strongly.

A more user-directed approach to prefetching potentially relevant informa-
tion is seen in the Butterfly system [531]). This interface helps the user follow
a series of citation links from a given reference, an important information seek-
ing strategy [66]. The system automatically examines the document the user is
currently reading and prefetches the bibliographic citations it refers to. It also
retrieves lists of articles that cite the focus document. The underlying assump-
tion is that the services from which the citations are requested do not respond
immediately. Rather than making the user wait during the delay associated with
each request, the system handles many requests in parallel and the interface uses
graphics and animations to show the incrementally growing list of available ci-
tations. The system does not try to be clever about which cites to bring first;
rather the user can watch the ‘organically’ growing visualization of the document
and its citations, and based on what looks relevant, direct the system as to which
parts of the citation space to spend more time on.

10.7.4 Group Relevance Judgements

Recently there has been much interest in using relevance judgements from a
large number of different users to rate or rank information of general interest
[672]. Some variations of this social recommendation approach use only simi-
larity among relevance judgements by people with similar tastes, ignoring the
representation of the information being judged altogether. This has been found
highly effective for rating information in which taste plays a major role, such as
movie and music recommendations [720]. More recent work has combined group
relevance judgements with content information [64)].

10.7.5 Pseudo-Relevance Feedback

At the far end of the system versus user feedback spectrum is what is informally
known as pseudo-relevance feedback. In this method, rather than relying on the
user to choose the top & relevant documents, the system simply assummes that its
top-ranked documents are relevant, and uses these documents to augment the
query with a relevance feedback ranking algorithm. This procedure has been
found to be highly effective in some settings [760, 465, 12], most likely those in
which the original query statement is long and precise. An intrigning extension
to this idea is to use the output of clustering of retrieval results as the input to
a relevance feedback mechanism, either by having the user or the system select
the cluster to be used [359], but this idea has not yet been evaluated.
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10.8 Interface Support for the Search Process

The user interface designer must make decisions about how to arrange various
kinds of information on the computer screen and how to structure the possi-
ble sequences of interactions. This design problem is especially daunting for
a complex activity like information access. In this section we discuss design
choices surrounding the layout of information within complex information sys-
tems, and illustrate the ideas with examples of existing interfaces. We begin
with a discussion of very simple search interfaces, those used for string search
in “find’ operations, and then progress to multiwindow interfaces and sophisti-
cated workspaces. This is followed by a discussion of the integration of scanning,
selecting, and querying within information access interfaces and concludes with
interface support for retaining the history of the search process.

10.8.1 Interfaces for String Matching

A common simple search need is that of the ‘find’ operation, typically run over
the contents of a document that is currently being viewed. Usnally this function
does not produce ranked output, nor allow Boolean combinations of terms; the
main operation is a simple string match (without regular expression capabilities).
Typically a special purpose search window is created, containing a few simple
controls (e.g., case-sensitivity, search forward or backward). The user types the
query string into an entry form and string matches are highlighted in the target
document (see Figure 10.26).

The next degree of complexity is the ‘find’ function for searching across
small collections, such as the files on a personal computer’s hard disk, or the
history list of a Web browser. This type of function is also usually implemented
as a simple string match. Again, the controis and parameter settings are shown
at the top of a special purpose search window and the various options are set via
checkboxes and entry forms. The difference from the previous example is that a
results list is shown within the search interface itself (see Figure 10.27).

A common problem arises even in these very simple interfaces. An ambigu-
ous state occurs in which the results for an earlier search are shown while the
user is entering a new query or modifying the previous one. If the user types in

Find what: ]_iﬁformatic-n v i E_'”d Nf”,t‘?‘
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" Up % Deown

I Match case

Figure 10.26 An example of a simple interface for string matching, from Netscape
Communicator 4.05.
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Figure 10.27 An example of an string matching over a list, in this case, a history
of recently viewed Web pages, from Netscape Communicator 4.05.

new terms and but then does not activate the search, the interface takes on a
potentially misleading state, since a user could erroneously assume that the old
search hits shown correspond to the newly typed-in query. One solution for this
problem is to clear the results list as soon as the user begins to {ype in a new
query.

However, the user may want to refer to terms shown in the search results to
help reformulate the query, or may decide not to issue the new query and instead
continue with the previous results. These goals would be hampered by erasing
the current result set as soon as the new query is typed. Another solution is to
bring up a new window for every new query. However, this requires the user to
execute an additional command and can lead to a proliferation of windows. A
third, probably more workable solution, is to automatically ‘stack’ the queries
and results lists in & compact format and allow the user to move back and forth
among the stacked up prior searches.

Simple interfaces like these can be augmented with functionality that can
greatly aid initial query formulation. Spelling errors are a major cause of void
result sets. A spell-checking function that suggests alternatives for query terms
that have low frequency in the collection might be useful at this stage. Another
option is to suggest thesaurus terms associated with the query terms at the time
the query terms are entered. Usually these kinds of information are shown after
the query is entered and documents have been retrieved, but an alternative is to
provide this information as the user enters the query, in a form of query preview.
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as lists of thesaurus terms, query specifications, and lists of saved titles) in this
manner. Good layout, graphics, and font design can improve the situation; for
example, Web search results can look radically different depending on spacing,
font, and other small touches [580].

Overlapping windows provide flexibility in arrangement, but can quickly
lead to a crowded, disorganized display. Researchers have observed that much
user activity is characterized by movement from one set of functionally related
windows to another. Bannon et al. [54] define the notion of a workspace — the
grouping together of sets of windows known to be functionally related to some
activity or goal — arguing thal this kind of organization more closely matches
users’ goal structure than individual windows [96]. Card et al. {140] also found
that window usage could be categorized according to a ‘working set’ model. They
locked at the relationship between the demands of the task and the number of
windows in use, and found the largest number of individual windows were in use
when users transitioned from one task to another.

Based on these and other observations, Henderson and Card [420] built a
system intended to make it easier for users to move between ‘multiple virtual
workspaces’ [96]. The system uses a 3D spatial metaphor, where each workspace
is a ‘room,’ and users transition between workspaces by ‘moving’ through virtual
doors. By ‘traveling’ from one room to the next, users can change from one work
context to another. In each work context, the application programs and data
files that are associated with that work context are visible and readily available
~ for reopening and perusal. The workspace notion as developed by Card et al.
also emphasizes the importance of having sessions persist across time. The user
should be able to leave a room dedicated to some task, work on another task,
and three days later return to the first room and see all of the applications still in
the same state as before. This notion of bundling applications and data together
for each task has since been widely adopted by window manager software in
workstation operating system interfaces.

Flastic windows [428)] is an extension to the workspace or rooms notion to
the organization of 2D tiled windows. The main idea is to make the transition
easier from one role or task to another, by adjusting how much of the screen real
estate is consumed by the current role. The user can enlarge an entire group of
windows with a simple gesture, and this resizing automatically causes the rest of
the workspaces to reduce in size so they all still fit on the screen without overlap.

10.8.3 Example Systems

The following sections describe the information layout and management ap-
proaches taken by several modern information access interfaces.

The InfoGrid Layout

The InfoGrid system [667] is a typical example of a monolithic layout for an
information access interface. The layout assumes a large display is available
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Figure 10.28 Diagrams of monolithic layouts for information access interfaces.

and is divided into a left-hand and right-hand side (see Figure 10.28). The left-
hand side is further subdivided into an area at the top that contains structured
entry forms for specifying the properties of a query, a column of iconic controls
lining the left side, and an area for retaining documents of interest along the
bottom. The main central area is used for the viewing of retrieval resuits, either
as thumbnail representations of the original documents, or derived organizations
of the documents, such as Scatter/Gather-style cluster results. Users can select
documents from this area and store them in the holding area below or view
them in the right-hand side. Most of the right-hand side of the display is used for
viewing selected documentés, with the upper portion showing metadata associated
with the selected document. The area below the document display is intended
to show a graphical history of earlier interactions.

Designers must make decisions about which kinds of information to show
in the primary view(s). If InfoGrid were used on a smaller display, either the
document viewing area or the retrieval results viewing area would probably have
to be shown via a pop-up overlapping window; otherwise the user would have
to toggle between the two views. If the system were to suggest terms for rele-
vance feedback, one of the existing views would have to be supplanted with this
information or a pop-up window would have to be used to display the candidate
terms. The system does not provide detailed information for source selection,
although this could be achieved in a very simple way with a pop-up menu of
choices from the control panel.

The SuperBook Layout

The layout of the InfoGrid is quite similar to that of SuperBook (see section
10.6). The main difference is that SuperBook retains the table of contents-like
display in the main left-hand pane, along with indicators of how many documents
containing search hits occur in each level of the outline. Like InfoGrid, the
main pane of the right-hand side is used to display selected documents. Query






INTERFACE SUPPORT FOR THE SEARCH PROCESS 315

; Interkdin COHQ@II@I"I Processor.

E?;ﬁl- I_ : : i (__:_::D Q
AudTOT{QjD;ay ?,nd JEﬁ&ieg a\'aihlfl.gho m}é‘%}éﬂim

Tide { :

20¢10000 |}

C:reatev Quér}? l _

/L Tolip gesults ALUrvista yesuits

Agthor: adiyand Subject: stanford
Jeffries ¥ © Gigital
E - Liliagies
Project

b

EI Re.lmntAxt!‘cles
Figure 10.29 The DLITE interface [193].

A flexible interface architecture frees the user from the restriction of a rigid
order of commands. On the other hand, as seen in the SuperBook discussion,
such an architecture must provide guidelines, to help get the user started, give
hints about valid ways to proceed, and prevent the user from making errors. The
graphical portion of the DLITE interface makes liberal use of animation to help
guide the user. For example, if the user attempts to drop a query in the document
summarizer icon — an illegal operation — rather than failing and giving the user
an accusatory error message [185], the system takes control of the object being
dropped, refusing to let it be placed on the representation for the target appli-
cation, and moves the object left, right, and left again, mimicking a ‘shake-the-
head-no’ gesture. Animation is also used to help the user understand the state of
the system, for example, in showing the progress of the retrieval of search results
by moving the result set object away from the service from which it was invoked.

DLITE uses a separate Web browser window for the display of detailed
information about the retrieved documents, such as their bibliographic citations
and their full text. The browser window is also used to show Scatter/Gather-
style cluster results and to allow users to select documents for relevance feedback.
Earlier designs of the system attempted to incorporate text display into the di-
rect manipulation portion, but this was found to be infeasible because of the
space required [192]. Thus, DLITE separates the control portion of the infor-
mation access process from the scanning and reading portion. This separation
allows for reusable query construction and service selection, while at the same
time allowing for a legible view of documents and relationships among retrieved
documents. The selection in the display view is linked to the graphical control
portion, so a document viewed in the display could be used as part of a query
in a query constructor.
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cards within a folder and allow the user to extract subsets of the cards and view
them side by side, as is done in SketchTrieve, or compare them via a difference

operation.

10.8.4 Examples of Poor Use of Overlapping Windows

Sometimes conversion from a command-line-based interface to a graphical dis-
play can cause problems. Hancock-Beaulieu et ol. [337] describe poor design de-
cisions made in an overlapping windews display for a bibliographic system. (An
improvement was found with a later redesign of the system that used a mono-
lithic interface {336].) Problems can also occur when designers make a ‘literal’
transformation from a TTY interface to a graphical interface. The consequences
can be seen in the current LEXIS-NEXIS interface, which does not make use of
the fact that window systems allow the user to view different kinds of informa-
tion simmultaneously. Instead, despite the fact that it occupies the entire screen,
the interface does not retain window context when the user switches from one
function to another. For example, viewing a small amount of metadata about
a list of retrieved titles causes the list of results to disappear, rather than over-
laying the information with a pop-up window or rearranging the available space
with resizable tiles. Furthermore, this metadata is rendered in poorly-formatted
ASCII instead of using the bit-map capabilities of a graphical interface. When a
user opts to see the full text view of a document, it is shown in a small space, a
few paragraphs at a time, instead of expanding to fill the entire available space.

10.8.5 Retaining Search History

Section 10.3 discusses information seeking strategies and behaviors that have
been observed by researchers in the field. This discussion suggests that the user
interface should show what the available choices are at any given point, as well
as what moves have been made in the past, short-term tactics as well as longer-
term strategies, and allow the user to annotate the choices made and information
found along the way. Users should be able to bundle search sessions as well as
save individual portions of a given search session, and flexibly access and modify
each. There is also increasing interest in incorporating personal preference and
usage information both into formulation of queries and use of the results of search
(BT

For the most part these strategies are not supported well in current user
interfaces; however some mechanisms have been introduced that begin to address
these needs. In particular, mechanisms to retain prior history of the search
are useful for these tasks. Some kind of history mechanism has been made
available in most search systems in the past. Usually these consist of a list
of the commands executed earlier. More recently, graphical history has been
introduced, that allows tracking of commands and results as well. Kim and Hirtle
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Figure 10.33 The Cat-a-Cone interface for integrating category and text scanning
and search [358].

‘Radiation’ over the MeSH terms in this subcollection. The word appears un-
der four main headings (Physical Sciences, Diseases, Diagnostics, and Biological
Sciences). The hierarchy immediately shows why ‘Radiation’ appears under Dis-
eases — as part of a subtree on occupational hazards. Now the user can select
one or more of these category labels as input to a query specification.

Another way the user can start is by simply typing in a free text query into
an entry label. This query is matched against the collection. Relevant documents
are retrieved and placed in the book format. When the user ‘opens’ the book to
a retrieved document, the parts of the category hierarchy that correspond to the
retrieved documents are shown in the hierarchical representation. Thus, multiple
intersecting categories can be shown simmultaneously, in their hierarchical context.
Thus, this interface fluidly combines large, complex metadata, starting points,
scanning, and querying into one interface. The interface allows for a kind of
relevance feedback, by suggesting additional categories that are related to the
documents that have been retrieved. This interaction model is similar to that
proposed by [5].

Recall the evaluation of the Kohonen feature map representation discussed
in section 10.4. The experimenters found that some users expressed a desire
for a visible hierarchical organization, others wanted an ability to zoom in on
a subarea to get more detail, and some users disliked having to look through
the entire map to find a theme, desiring an alphabetical ordering instead. The
subjects liked the ease of being able to jump from one area to another without
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Figure 10.34 An interface for a starting point for searching over category labels
[358).

having to back up (as is required in Yahoo!) and liked the fact that the maps
have varying levels of granularity.

These results all support the design decisions made in the Cat-a-Cone.
Hierarchical representation of term meanings is supported, so users can choose
which level of description is meaningful to them. Furthermore, different levels
of description can be viewed simultaneously, so more familiar concepts can be
viewed in more detail, and less familiar at a more general level. An alphabetical
ordering of the categories coupled with a regular expression search mechanism
allows for straightforward location of category labels. Retrieved documents are
represented as first-class objects, so full text is visible, but in & compact form.
Category labels are disambiguated by their ancestor/descendant /sibling repre-
sentation. Users can jump easily from one category to another and can in addi-
tion query on multiple categories simultaneously (something that is not a natural
feature of the maps). The Cat-a-Cone has several additional advantages as well,
such as allowing a document to be placed at the intersection of several categories,
and explicitly linking document contents with the category representation.

10.9 Trends and Research Issues

The importance of human computer interaction is receiving increasing recogni-
tion within the field of computer science [587]. As should be evident from the
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contents of this chapter, the role of the user interface in the information access
process has only recently begun to receive the attention it deserves. Research
in this area can be expected to increase rapidly, primarily because of the rise
of the Web. The Web has suddenly made vast quantities of information avail-
able globally, leading to an increase in interest in the problem of information
access. This has lead to the creation of new information access paradigms, such
as the innovative use of relevance feedback secn in the Amazon.com interface.
Because the Web provides a platform-independent user interface, investment in
better user interface design can have an impact on a larger user population than
before.

Another trend that can be anticipated is an amplified interest in organi-
zation and search over personal information collections. Many researchers are
proposing that in future a person’s entire life will be recorded using various me-
dia, from birth to death. One motivation for this scenario is to enable searching
over everything a person has ever read or written. Another motivation is to
allow for searching using contextual clues, such as ‘find the article I was reading
in the meeting I had on May lst with Pam and Hal’. If this idea is pursued,
it will require new, more sophisticated interfaces for searching and organizing a
huge collection of personal information.

There is also increasing interest in leveraging the behavior of individuals
and groups, both for rating and assessing the quality of information items, and for
suggesting starting points for search within information spaces. Recommender
systems can be expected to increase in prevalence and diversity. User interfaces
will be needed fo guide users to appropriate recommended items based on their
information needs.

The field of information visualization needs some new ideas about hew to
display large, abstract information spaces intuitively. Until this happens, the
role of visualization in information access will probably be primarily confined
to providing thematic overviews of topic collections and displaying large cate-
gory hierarchies dynamically. Breakthroughs in information visualization can be
expected to have a strong impact on information access systems.

10.10 Bibliographic Discussion

The field of human-computer interaction is a broad one, and this chapter touches
on only a small subset of pertinent issues. For further information, see the
excellent texts on user interface design by Shneiderman [725], information seeking
behavior by Marchionini [542], and digital libraries by Lesk [501]. An excellent
book on visual design is that of Mullet and Sano [580]. Tufte has written thought-
provoking and visually engaging books on the power of information visualization
[769, 770] and a collection of papers on information visualization has been edited
by Card el al. [141].

This chapter has discussed many ideas for improving the human-computer
interaction experience for information seekers. This is the most rapidly
















































































































































































