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Abstract

The two main ways to search for information in electronic document collections are by using free-text retrieval search
engines or browsing information that has been organized into predefined organizational structures. However, each of
these approaches has limitations. Using word or phrase search, users are faced with a compromise between overly
broad searches returning an excessive amount of information or overly narrow searches that may fail to return relevant
information. Browsing organizational structures is dependent on the user’s knowledge of the structures, and a user may
find it difficult to refine searches. This paper introduces a user interface based approach to the browsing of hierarchi-
cally organized information entities that avoids these problems by allowing the incremental narrowing down of a set of
search results and by pruning the organizational structure after each user selection to show the consequences of the
selection. The effect is to present to the user at all times only that part of the organizational structure that will lead to
a nonnull selection. The approach is called no zero match~NZM ! browsing. The paper presents the computational basis
of NZM browsing before describing a trial implementation of the approach and presenting three case studies, which
represent common search situations in an engineering context.
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1. INTRODUCTION

Some have argued that we are living in a postindustrial era
with a progressive transition to a society “fueled” by infor-
mation and populated by knowledge workers~Drucker, 1994;
Hayman & Elliman, 2000!. This is debatable; however, there
is consensus in the literature that information overload is
becoming a real problem in a broad range of disciplines,
such as engineering, medicine, commerce, computing, etc.
~Reuters, 1996; Edmunds & Morris, 2000!. While com-
puter technologies have made thecreation of documents
easier and provided the means to open up huge digital col-
lections to searching, in some ways this has paradoxically
made thelocation of relevant information more difficult.1

Drucker~1994, 2000! contends that one of the most impor-
tant challenges in the twenty-first century will be increas-
ing the productivity of those involved in knowledge intensive
industries. This is a challenge that can clearly be addressed
by the use of improved information search and retrieval
tools.2

In a recent review of usability issues related to informa-
tion retrieval systems, Hearst~1999! notes that:

the human–computer interface is less well understood
than other aspects of information retrieval. . . . The
human–computer interface is the most rapidly develop-
ing area of information access today and improvements
in the interface are likely to lead the way toward better

Reprint requests to: Chris McMahon, Department of Mechanical Engi-
neering, University of Bath, Claverton Down, Bath BA2 7AY, UK. E-mail:
c.mcmahon@bath.ac.uk

1An information entity, in the context of this paper, is used to describe
any information object, such as a document, electronic file, or database
record. Aninformation collectionis used to describe a collection of records
in a database or documents or files stored on a computer network.

2The distinction between the use of the termsknowledge management
and information managementis contentious and out of the scope of this
paper. However, we would argue that technical reports, informal docu-
ments, CAD models, company procedures, and similar items are best de-
scribed as information objects rather than knowledge objects.~Knowledge
is considered to be more associated with the interpretation of information.!
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search results and better-enabled information creators and
users.

The field of human–computer interaction~HCI! is a broad
one, and this article only touches on a small subset of per-
tinent issues. As such, it is not the intention to focus on
classical “front-end” HCI and usability concepts. Instead,
we hope to make a contribution by presenting a new highly
interactive and intuitive user interface~UI ! based approach
to the browsing of hierarchically organized information en-
tities. This approach, embodied in a prototype engineering
system, facilitates the interaction between human informa-
tion seekers, information retrieval systems, and repositories
of information.

1.1. Information retrieval strategies

Several models of information retrieval strategy have been
proposed in the literature~e.g., Bates, 1986; Waterworth &
Chignell, 1991; Meadow, 1992!. Meadow’s list of search
types includes the categories of known item search, spe-
cific information search, general information search, and
database exploration. These can be fulfilled by two funda-
mentally different approaches to information retrieval~Chen
et al., 1998!:

• Keyword-based directed searching:At search time, users
enter sets of free-text terms and phrases that, in their
opinion, best characterize their information needs~e.g.,
the AltaVista and Google internet search engines at
www.altavista.com, www.google.com, etc.!.

• Browsing3 organized information: In this process, in-
formation is organized into predefined organizational
structures~typically, hierarchical subject categories!
and users browse the organizational structures to search
for information~e.g., the hierarchical display in Micro-
soft Explorer or the Yahoo internet directory!.

1.1.1. Keyword-based directed searching

Keyword-based directed searching has traditionally been
the most common search in computer-based systems. This
approach is particularly suitable when a user’s need for
information can be easily translated into a text string that
can be interpreted by the computer system. However, with-
out taking into account the semantic content of the docu-
ment, it is often difficult to precisely specify a query unless
it is very straightforward or the user is familiar with the
information that is being searched. In addition, for users
searching a structured database, familiarity with the terms
used in the database is important, as is knowing how to
refine a query in the event of an unsuccessful search. Typ-
ically, poorly formed queries lead to highly indiscriminate

search results~either far too many hits in relation to a search
or no hits at all!. However, studies have shown that system
users are generally poor at formulating suitable queries,
even when the system allows for the construction of com-
plex queries~Waterworth & Chignell, 1991; Anick, 1994!.
This tendency toward indiscriminate results can be ex-
plained by considering the precision and recall of search
strategies. Precision and recall are frequently used to mea-
sure the effectiveness of information retrieval, and there is
always a trade-off between the two~Cleverdon, 1967!. Pre-
cision is a measure of the proportion of relevant documents
in the results set that are presented to users, whereasrecall
is a measure of the proportion of all the relevant documents
that are contained within the results set.4 Generally speak-
ing, keyword-based search strategies have a tendency to
return high-recall but low-precision results.5 Nielsen~1999!,
in discussing usability issues related to the web, notes that,
“On the Web, nobody will ever have the time to read all the
relevant documents . . . it is more important to guide the
user to a small number of high quality documents than to
achieve completeness.”

1.1.2. Browsing of classifications

Allowing users to browse classified information in a mean-
ingful way generally produces a smaller, more precise re-
sults set. Browsing is particularly suitable for performing
less focused, complex searches or those that are difficult to
translate into a single query. Users are given the freedom to
explore the organizational structures of meaningfully orga-
nized document collections; although reducing a user’s prob-
lems, this does not eliminate them. Browsing typically
involves traversing of hierarchically arranged categories. If
an information entity is uniquely classified into a single
category~e.g., in a library or a computer file structure!,
then the user may fail to select the correct branch of the
categorization hierarchy into which the information of in-
terest has been located.6 Alternatively, if information can
be classified into multiple categories, then the number of
documents in each category will be larger and the number
of nodes in the hierarchy~i.e., determined by the depth and
breadth of the hierarchy! will have to be increased to pro-
vide a suitable level of granularity. In addition, the user is
again faced with the problem that if a search has retrieved

3Locating or acquiring information without necessarily knowing of the
existence or the format of the information being sought.

4Blair ~1980! proposed the concept of futility point to describe peo-
ple’s attitudes toward recall. The number of documents through which
users will be willing to browse before giving up is their futility point.
Depending on the nature of the document collection, this can vary be-
tween 10 and 30 for many users.

5Note that useful metrics beyond precision and recall are often re-
quired to assess systems. These might include the time to learn a system,
time to meet a benchmark search or retrieval task, error rates, and so on.
However, human interactions with modern computer systems are complex
and particularly difficult to measure and characterize. Nielsen~1993!
presents an overview of appropriate usability and assessment methods.

6This problem is illustrated by the inconsistency with which even highly
trained librarians classify books~Larson, 1992!.
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too few or two many documents, they do not know how to
refine their search~i.e., in terms of other nodes in the hier-
archy that might be worth investigating! to achieve a better
result.

1.1.3. Other retrieval applications

A number of other computing applications incorporate
document retrieval, particularly, for example, in case-based
reasoning~CBR!, in which a description of a new problem
is compared with case bases of precedent cases~for exam-
ple, concerning the description of fault conditions or design
concepts! to identify potential candidates for solving the
problem~Maher & Pu, 1997!. Where the case base com-
prises text documents, comparison may be made using stan-
dard information retrieval techniques such as term–frequency
matching and similarity vectors~Lenz & Burkhard, 1997!.
These techniques are limited in the extent to which they
allow reasoning about similarities between cases in textual
CBR, and the derivation of better case representations using
natural language processing methods is a current research
topic ~Brüninghaus & Ashley, 2001!.

1.2. No zero match (NZM) browsing

In this paper an improved system that allows a novel
approach to the browsing of hierarchically classified infor-
mation entities is presented. This approach carries out set-
theoretic manipulation of the classification hierarchies
presented to the user to ensure that the computer never
presents a null result set. For this reason, the approach is
termed NZM browsing. NZM browsing involves the user
selecting nodes of interest from a classification hierarchy
~against which documents have been classified! on a graph-
ical display. As each additional node of interest~or combi-
nation of nodes! is selected, the hierarchical display is pruned
and the number of entities associated with the nodes in the
hierarchy is updated to reflect the selections made by the
user. In this way, the user is guided by the graphical display
in the selections that may be made, and there is no possi-
bility of ending with a null result.

The NZM approach is essentially a hybrid of existing
browsing and directed search strategies. Users initially
browse the hierarchically arranged concepts in the graphi-
cal display. However, when a concept is selected, the sys-
tem can be considered to be performing a directed search
on the classified documents using the selected concept as
the search criterion. This process of browsing and search-
ing can be repeated until the document results set features a
suitably small number of documents that the user will be
prepared to look through. The key distinction is that in a
directed search process the user must specify all of the search
criteria that relevant documents are expected to meet~in
terms of the words and phrases that they must contain! in a
single step. The NZM approach allows the user toincre-

mentallybuild up their search criteria7 by selecting combi-
nations of concepts from a browsable graphical display. In
addition, prior to the user selecting the concepts, the system
interface provides an indication of how discriminating each
concept is as a search criterion by showing the number of
documents that will be included in the results set if a given
concept is selected. In this paper alternative approaches to
query refinement in structured and unstructured informa-
tion sets are first described. The computational basis of
NZM browsing is then presented before a trial implemen-
tation of the approach is described. Three case studies are
introduced: in the first, an application of the approach with
precisely categorized documents, and in the second and third,
following automatic document classification at various lev-
els of precision. A discussion on performance and imple-
mentation issues concludes the article.

2. BACKGROUND

The work reported in this paper originated from a research
program with three aerospace companies, which sought to
assist design engineers with the organization of and access
to their technical and commercial documents~McMahon
et al., 1998!. The requirement for improved search strat-
egies has been confirmed by background work undertaken
by the authors and reported in Lowe et al.~2000! and Court
et al.~1996!. It is best illustrated by considering some spe-
cific examples shown in Table 1 that will be discussed
throughout the paper. These three cases represent instances
of the search strategies identified by Bates~1986!, Water-
worth and Chignell~1991!, and Meadow~1992! and ap-
plied, in the present case, to the engineering design domain.

Each of these cases describes a different search problem
in which traditional search techniques provide insufficient
assistance to the user. Without detailed knowledge of the
retrieval environment, users have difficulty in forming que-
ries that are well designed for retrieval purposes. In case 1
the database does not indicate which, if any, of the user’s
query terms are matched in the database and which other
records may be a close match to the entered terms. In case 2,
the search tool does not indicate which search terms the
user might add to identify the most relevant documents
among the 9000 identified. Finally, in case 3 the user needs
to have an understanding of the company intranet’s organi-
zational structure in order to succeed in document retrieval.
These examples will be considered in more detail in Sec-
tion 5 when considering the particular features of the NZM
tool.

2.1. Approaches to query refinement

Many approaches have been identified for query refine-
ment, especially in combination with the free-text retrieval

7Users can also effectively relax their search criteria at any time by
deselecting concepts. This has the effect of increasing the number of doc-
uments in the results set that are presented to users.
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of unstructured information entities. Relevance feedback is
the most well established query reformulation strategy and
has been found to lead to improvements in the performance
of keyword-based retrieval systems based on a number of
information retrieval models~Robertson & Sparck Jones,
1976; Salton & Buckley, 1990!. In a relevance feedback
cycle, users are presented with lists of retrieved documents
and, after examining them, mark up those that best meet
their information needs. Improvements come from two mech-
anisms:query expansion~the addition of new search terms
from relevant documents or from thesauri that allow the
identification and substitution of synonyms! and term re-
weighting~the modification of original term weights based
on the user’s relevance judgment!.

Research related to HCI has been one of the most rapidly
developing areas of aids to query refinement~Hearst, 1999!,
although there is a debate on the direction that future tech-
nologies should take~Institute for Systems Research, 2001!.
Technological advancements now permit the presentation
to the user of search results and feedback in an interactive
graphical manner, for example, showing the relationship
between information entities and categorizations and be-
tween the categorizations themselves. In contrast, conven-
tional systems present search results in the form of a simple
ranked list. In most cases these advanced interactive ap-
proaches have aimed at improved means of browsing infor-
mation, in particular through exploiting relationships
between concepts~although the approaches typically incor-

porate relevance feedback techniques in addition to im-
proved visualization techniques!. A number of systems that
exploit advanced UI technologies in their presentation of
information retrieval results are outlined below.

2.1.1. Custom folders

The NorthernLight search engine~www.northernlight.
com! uses a patented approach~Krellenstein, 1999! in which
information entities retrieved by a keyword search are or-
ganized into custom folders~where the folders represent
the nodes in a hierarchy! and these folders are presented to
users so that they may be browsed to refine the selection.
The chosen hierarchy of categories will reflect the users’
information requirement as represented by the choice of
initial keyword search terms. NorthernLight folders may
be organized into subfolders, and only folders that contain
documents are displayed to users. However, it is not pos-
sible to explore multiple branches of the hierarchy or
cross-reference between branches. Two other search en-
gines that also attempt to categorize hits into categories of
folders include Vivísimo~www.vivisimo.com! and Wisenut
~www.wisenut.com!.

2.1.2. Database forms

In many database search applications, the user enters a
search by completing boxes in a form. The limitation with
such “linked-box” interfaces to databases is that selections
have to be made in a particular order. Essentially, selections

Table 1. Examples of typical search strategies in engineering design domain and problems commonly encountered

Example Description of Initial Search Problems Encountered

Case 1: collection of
database records~highly
structured “documents”!

An engineer is searching a catalog for
components with physical and performance
characteristics that are suitable for a particular
application. However, upon querying the
database with a query related to theideal
requirements, the system responds with an
error message that there are no components
thatexactly matchthe query.

Unfortunately the engineer does not know
how to refine the search to find components
that may besuitably closeto the requirements
for the given application.

Case 2: “grey literature”
on the internet~unstructured
documents!

An engineering designer wants to find
technical papers on the internet relating to
quality management approaches in design.
The querŷ “quality management” AND
“engineering design”& is submitted to a major
search engine, and over 9000 documents are
returned, many of which do not appear to be
relevant.

In this instance, the designer is not sure how
to refine the search so as to retrieve a more
focused set of search results that better
matches his or her needs.

Case 3: company intranet
~loosely structured documents!

A project manager is searching on the
company intranet for an item of
correspondence~written by a colleague who
is on leave! addressed to a supplier, which is
related to a particular project and technical
issue. Documents are organized in a folder
structure on the network, but it is not known
which folder will contain the document of
interest.

The manager does not know whether the
colleague has organized documents into the
supplier name folder, the project name folder,
or the technical domain folders.
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are dictated by the design of the underlying data structure
and may be different from the more arbitrary sequence in
which users may wish to make them. Presenting to a user
~for selection, for example, from a menu box! the terms that
may be used in a query and then updating the displayed
term list to reflect the selections already made may be more
intuitive. This approach also addresses the issue of query-
ing a structured database and achieving a null result. It is
the approach taken in the Review system~McMahon
et al.,1995!. In this system each information entity is asso-
ciated with a set of attribute–value pairs. Search is carried
out by the user selecting the desired attributes and values
from on-screen lists to give filtered sets of information en-
tities. The attribute–value pairs presented to the user for
search refinement are updated to show only those pairs that
are referenced by the filtered set of entities. After each se-
lection is made, the filtered set and the attribute and value
lists presented to the user are updated to reflect the previous
selections. Attributes may be selected for query in any de-
sired order, so, for example, in the component selection
task described above, the user would select the most impor-
tant component parameters first and could then search on
the other parameters for these selected components. In the
review at each selection stage the user may select one or
more attribute–value pairs and the filtered document set is
the intersection between the previous filtered set and the
union of the document sets for each newly selected attribute–
value pair.

2.1.3. Hierarchy refinement
A similar principle to review is incorporated in the active

navigation portal engine~www.multicosm.com! developed
from the Microcosm system~Davis et al., 1992; Hall et al.,
1996; Crowder et al., 1999!. Active Navigation indexes doc-
uments into topics or themes. When a search is made by
keyword, the most important themes referenced by the se-
lected set of entities are presented to the user for refinement
of the selection. As each selection is made, the topic list is
updated. At each selection stage the filtered document set is
the intersection between the previous document set and the
document set associated with the newly selected theme.
Hearst and Karadi~1997! describe Cat-a-Cone 3D, an in-
teractive interface for specifying searches and viewing
retrieval results using a large category hierarchy. This in-
corporates a browsing tool in which only parts of the hier-
archy relevant to a current document set are displayed. A
similar approach is made in the querying of database con-
tents by HiBrowse~Pollitt, 1997!, in which precoordinated
indexing and coordinated viewing are used to assist in query
refinement for entities stored using a relational database in
a faceted classification.

3. NZM BROWSING OF CONCEPT
HIERARCHIES

The NZM browsing approach presented here builds on that
incorporated in Review~see Section 2.1.2! by extending

the concept of filtering from attribute–value pairs to hier-
archically decomposed classification categories that we term
concept hierarchies. These networks may be constructed
by the manual or automated classification of information
entities.

3.1. Terminology and basic concepts

The purpose of the NZM approach is to support the search
and retrieval of information entities, where an information
entity is an object such as a document, file, or database
record. Information entities are organized for the purposes
of retrieval into concept hierarchies, where a concept is a
category used for the purposes of categorizing information
entities and is represented by a descriptive string. Concepts
are organized into parent–child hierarchies representing tax-
onomies of concepts in particular subject domains. Each
concept may have multiple parents; hence, the structures
used are strictly concept networks, but the networks are
visually represented to the user by trees, where a concept
with multiple parents has multiple representations, each ap-
pearing below one of its parents. Each concept may have
zero, one, or many child concepts. There may be one or
many concept hierarchies used to categorize any given set
of information entities.

Each information entity may be associated with any num-
ber of concepts in the concept hierarchies, from zero up-
ward. Figure 1 shows a representation of a concept hierarchy
together with a small number of information entities and
the relationships that associate them with nodes in the con-
cept hierarchy.

3.2. NZM browsing

The NZM browsing of hierarchically classified information
entities involves selecting concepts of interest from a visual
display of all the concept hierarchies relevant to an initial
set of information entities. Each displayed concept in the
initial concept hierarchy is either directly associated with at
least one information entity, or at least one of its child or
descendent concepts is directly associated with at least one

Fig. 1. A concept hierarchy and classified information entities.
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information entity. By selecting one or more concepts from
one or more concept hierarchies, the user selects a set of
one or more information entities associated either with those
concepts or with the children or descendants of those
concepts.

By selecting a set of concepts, which we term aconcept
selection set, the user selects thefiltered set of information
entities, which will always be a subset of the initial set of
information entities but will never be null if the user is only
presented for selection with concepts for which documents
are associated. A second, filtered, set of concepts may be
generated from this filtered set of information entities by
computing the union of all the concepts associated with the
filtered set of information entities.

We term this thefiltered set of concepts. In NZM brows-
ing of the concept hierarchies, this filtered set is then used
to generate the display of the concepts that may be selected
by the user to refine the search. Search refinement is achieved
by selecting from the filtered set of concepts one or more
further concepts, comprising a further concept selection set.
In doing so, the user selects and is presented with the set of
information entities that is the intersection of the set of
information entities associated with the new concept selec-
tion set and the set of information entities associated with
the previously selected concept selection sets.

This is a newfiltered set of information entities, and this
set will again always be smaller than or equal to the initial
filtered set of information entities, but it will never be null.
This is shown, for a new concept selection set containing
two concepts, in Figure 2. A new filtered set of concepts
may again be generated from this filtered set of information
entities by computing the union of all of the concepts asso-
ciated with the new filtered set of information entities. The
display of selectable concepts is again updated to show this
new filtered set of concepts, and the user may then select
one or more further concepts to refine the search. This pro-
cess may be repeated as required.

The effect from the point of view of the user is that he or
she is selecting concepts of interest from a hierarchical dis-
play of concepts. The UI offers the possibility of selecting
concepts individually or in groups calledselection sets.
Where concepts are selected as a selection set with several
members, this implies that the user is interested in informa-
tion entities associated with any of the concepts in the set
~i.e., a logical OR of the selected concepts!. When a new
individual concept or selection set of concepts is selected,
this implies that the user is interested in information entities
associated with both the previous selection sets and with
the new selection set or individual concept~i.e., a logical
AND of the selected concepts!. In the practical implemen-
tation, as will be explained in the next section, the user is
assisted in the selection by the display with each concept of
the number of information entities associated with it, or the
number of entities associated with the concept and all of its
child or descendent concepts. The document titles and0or
contents may also be displayed. As concepts are selected
from the hierarchy, the hierarchical display is pruned and
the number of documents listed is updated to reflect the
user’s selection. In this way, the user is guided by the graphic
display in the selections that may be made, and there is no
possibility of ending without any search results.

4. BUILDING OF A NZM INDEX

A computer implementation of the NZM browsing applica-
tion has been developed as part of the project described
earlier~McMahon et al., 1998!. In this implementation, the
information entities are documents which include word pro-
cessor documents, HTML pages and other document file
types. These documents are first classified into multiple
categories, and the categorization and category–document
relationships are stored in a database repository. A NZM
index tool is used to build an index of the concepts and
documents in the repository. This index is then used in a

Fig. 2. The new filtered set of information entities, when a concept selection set of$concept#1, concept #2% is added to the existing
set of selected concepts.
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NZM application to allow browsing of the categorizations
using a drill-down folder display. The index may be distrib-
uted independently of the underlying database~e.g., for static
document sets such as on a CD-ROM!. The relationship
between these system elements is shown in Figure 3.

4.1. The NZM index

The concept-information entity database is used to con-
struct an index~the NZM! that includes a matrix of bits
representing relationships between concepts and informa-
tion entities. Each row in the matrix represents an informa-
tion entity, and each column represents a concept. A bit in
the matrix is set to 1 if the relevant concept is associated
with the relevant information entity. An additional row of
bits identifies which concepts are currently in the filtered
set of concepts; this is termed theused conceptrow. An
additional column of bits identifies which entities are cur-
rently members of the filtered set of information entities;
this is termed theused entitycolumn. The NZM index also
includes a 1-dimensional array of objects representing the
concepts, and pointers between them represent the concept
structuring relationships and a 1-dimensional array of ob-
jects representing the information entities. Figure 4 shows
all of these data structures.

4.2. The NZM application UI

Within the literature there are many suggested guidelines to
help software developers improve the usability of computer
applications~e.g., Nielsen, 1993; Shneiderman, 1997!.8

Where possible, these have been taken into account when
designing the graphical UI~GUI! for the NZM application.
In addition, attempts have been made to provide a human–
computer interface with a similar “look and feel” to com-
monly used applications with which most users are already
familiar ~the free availability and ease of adaptability of
standard GUI components, such as Java’s SWING classes,
helps in this regard!.

The prototype NZM application has a UI comprising four
panes, as shown in Figure 5. The first pane~the concept
hierarchy pane! shows browsable concept hierarchies with
tree controls similar to those found in common file manag-
ers. In addition to the concept names, this hierarchy records
the number of documents within the current filtered list,
referenced by each concept node or by a concept node and
all its children and descendants~selectable by radio but-

8Common examples of such guidelines include reducing the user’s
working memory load, offering informative feedback, offering shortcuts
for expert users, and so on.

Fig. 3. Elements in the no zero match browsing system.

NZM Browsing 249

https://doi.org/10.1017/S0890060402163098 Published online by Cambridge University Press

https://doi.org/10.1017/S0890060402163098


ton!. The second pane~theconcept selection set pane! shows
the members of the current concept selection sets. The third
pane~the filtered document set pane! shows a list of docu-
ment titles. The fourth pane~the document content pane!
shows the contents of the document currently selected in
pane 3. Additional controls include a facility to display the
concepts into which the currently highlighted document is
indexed, a facility to modify the tiling of the panes, and a
capability to search for words and phrases in the concept
hierarchy, the document titles, or the document full text
contents.

In the concept selection set pane, the user may choose
between two modes of operation: “make single selections”
or “build selection set.” In the first mode, when a selection
is made in the concept hierarchy pane, this is assumed to
comprise a complete concept selection set containing just
one element, and so the filtered list in the filtered document
set pane is updated immediately, as is the concept hierarchy
in pane 1, to reflect the selection. In build selection set
mode, the user may repeatedly make selections in the con-
cept hierarchy pane, building up a concept selection set
with several members; it is not until he or she selects the
“add set” button that the new concept selection set is added
and the filtered document set pane and concept hierarchy
pane are updated to reflect the addition of the new concept
selection set. Color coding is used to relate the box borders

in the concept selection set pane with the icons in the con-
cept hierarchy pane and hence to indicate to which selec-
tion sets the concepts belong.

5. THE APPLICATION OF NZM TO
DIFFERENT SEARCH PROBLEMS

The NZM browser and the associated document classifica-
tion systems have been developed as part of a research
program with three aerospace companies, aimed at assist-
ing design engineers with the organization and browsing of
their technical and commercial documents. In addition to
these applications the approach has been applied to auto-
mobile advertisements, fault diagnosis data, the papers from
an international conference~Culley et al., 2001!, catalogue
data, and sets of web pages identified by conventional search.
The latter two applications, together with an application
from one of the aerospace companies, correspond to the
three cases described in Section 2 and form the examples
described in this section.

5.1. NZM application with precisely
categorized catalogue entities

In the first example, data relating to rolling element bear-
ings are indexed into hierarchical categories describing bear-

Fig. 4. The NZM index data structures.
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ing types~ball bearing, roller bearing, taper roller, etc.!,
bearing dimensions, load ratings, and special characteris-
tics. Each record refers to a description of a particular bear-
ing described using HTML. The classification here isprecise
in that each information entity may be precisely and un-
ambiguously classified into a series of categories. Figure 5
shows the screen display of the categorization hierarchy, a
selected list, and the display for a single bearing. It may be
seen that the directory style display of the selectable cat-
egories allows selection criteria to be entered in any desired
order: in one case, the designer may first select external
dimensions of the bearing because these may be critical to
the application; in another case the first selection might be
the desired load rating or the particular bearing type. In
each case, after selection the display is updated to show the
categories that may be used to refine the selection. Figure 6
shows the resulting display after three selections, showing
that the initial 620 entities have been reduced to 5 by the
selections. This rapid reduction is characteristic of NZM
browsing, as is the continuous provision of feedback to the

user of the degree of filtering that will result from a partic-
ular selection.

5.2. NZM browsing of categorized web pages

In this second application, NZM is used to browse catego-
rized web pages first identified using a conventional search
engine. A query string is submitted to the search engine,
and the URLs returned are used in an automatic categori-
zation system to categorize documents into predefined con-
cept hierarchies. Once categorized, the URLs may be
browsed using the standard NZM browser.

In the particular case shown here, the query term^“qual-
ity management ” AND “ engineering design ” &
was submitted to a popular search engine,9 and a utility

9There is a limit to the number of URLs returned by most search
engines in a single set, and therefore a composite set of queries was used
to collect more than the;9000 documents originally identified by the
single query noted in Section 2.

Fig. 5. The NZM user interface for the bearing selection application.
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used to collect the URLs returned. This collection of URLs
was then categorized into the hierarchical classification of
design research topics prepared for the organization of pa-
pers submitted to the ICED01 conference~Lowe et al., 2001!.
In carrying out this categorization the level of precision or
recall used by the categorization algorithm could be varied.
As noted, precision means the proportion of relevant doc-
uments out of those returned, whereas recall means the num-
ber of returned documents out of the relevant ones~Buckland
& Gey, 1994!. In this context, a high recall classification
algorithm classifies documents into a greater number of
categories than a high precision algorithm, but the relation-
ship between a document and a category may be more ten-
uous in the former case.

For the particular set of URLs retrieved, a high recall
algorithm categorized all 13,500 documents~i.e., web pages!
into 400 categories, as shown in Figure 7, whereas a high
precision algorithm categorized 2,746 of the 13,500 docu-
ments into 290 categories. Experimenting with the preci-
sion used in the classification algorithm suggested that with
NZM browsing, a high recall algorithm was more valuable

when trying to find a very specific reference because it
gave greater clues as to the possible content of documents
and a wider variety of terms for refining a search. The pres-
ence of documents in a filtered set that are poorly related to
the browsable categories is less important because further
selections can quickly filter the set down to a manageable
number of documents. By contrast, when browsing for gen-
erally relevant documents in a particular domain, a high
precision classification algorithm eliminated documents
~such as course syllabi! that had large numbers of terms but
little content on any specific term.

5.3. NZM browse of general project documents

The categorization of documents into as many categories
as possible is also important in the third example, taken
from an index of research project documents at one of the
industrial partners. In some document management sys-
tems documents are categorized into a small number of
categories, with unique references within a single branch
of the categorization hierarchy. A browsing path in a con-

Fig. 6. The bearing hierarchy after selection.
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ventional browsing tool that does not give a useful result
requires the user to back up and try again and to remember
which pages contain which information. If the desired in-
formation is deep in a hierarchy or not available at all, this
can be a time consuming and frustrating process. Because
documents are conceptually stored within unique catego-
ries, users cannot create queries based on combinations of
categories.

With NZM, the opposite approach is more appropriate. It
provides a means of providing a browsing tool for which, at
any time, browsing criteria can be interactively refined or
broadened. It is appropriate, therefore, to provide a rich set
of references. As an example, consider the indexing of doc-
uments from a company’s research organization. Each doc-
ument is indexed into hierarchies describing the technical
context, the people and organizations involved in the de-
scribed work and in the production of the document, the
project names and dates, the type of document, and so on.
By using the feedback from the NZM browser tree, the
search problem described in section 2, in which a project
manager is searching for an item of correspondence ad-
dressed to a supplier and related to a particular project or

technical issue, becomes straightforward. The project man-
ager may select the criteria for the search in any order and
will be given visual feedback to allow further refinement.
Figure 8 shows an example situation. The person browsing
has shown interest in correspondence involving Bristol Uni-
versity. The NZM browse tree shows that the seven result-
ing documents may be further filtered by selecting technical
criteria, dates, or company project names. The tree also
provided the feedback that items of correspondence with
the university are concerned with technical topics, of which
one involves aerodynamics and fluid flow, one involves
component design and analysis, and three involve informa-
tion management.

6. DISCUSSION

In the initial implementation described here, the NZM in-
dex builder is a Java application communicating with the
virtual repository using Java0RMI. The browser has been
implemented as a Java application~shown in the figures in
this paper! and as an Applet.

Fig. 7. An NZM browse of web documents.
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6.1. Performance and application issues

The initial NZM browser was designed to give a satisfac-
tory interactive performance for approximately 10,000 doc-
uments indexed into 1000 categories with 100 concept
references per document. The performance with the 13,500
document collection suggests that this objective has been
achieved in that the time to update the screen display after a
concept selection is less than 2 s on a500-MHz Pentium II
with 128 Mb of RAM. The described method of construct-
ing an index is limited in the number of information entities
that may be indexed and in the number of concepts that
may be used by, first, limitations in the size of array~binary
matrix! that may be constructed and manipulated by the
available computing equipment, and by, second, declining
performance of the method as the size of the array in-
creases. These limitations will become less restricting as
computer equipment performance increases. The authors
are currently working on techniques that they believe will
give a 10- to 100-fold performance improvement.

The initial experimental applications suggest that the most
valuable application of the NZM approach in its present
implementation will be as a mechanism for local browsing

of static or quasistatic document collections, such as papers
on a CD-ROM, or for small numbers of users to share a
specialist collection of documents accessed through a server.
An example of the latter in engineering might be a collec-
tion of technical documents maintained by a specialist group
such as a design analysis team within a company. Outside
of engineering, specialists in medicine or law would be
strong contenders to use the approach. Current research is
exploring methods for improving the performance of the
approach to allow large numbers of concurrent users in
strongly database driven applications.

6.2. NZM as a UI technology

The motivation for the improvement of UIs is that the ulti-
mate performance of information retrieval systems is highly
dependent on obtaining effective feedback from and giving
feedback to system users. As previously noted, the human-
computer interface is typically less well understood than
other aspects of information retrieval systems. While much
of the core underpinning retrieval technology is relatively
mature~and there has been a degree of convergence on a
limited range retrieval models and ranking algorithms!, UI

Fig. 8. NZM browsing of general technical documents within a company department.
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innovations are open to development. Shneiderman~1997!
and Nielsen~1993! suggest that a good human–computer
interface should provide informative feedback to the user
and allow easy reversal of actions. The NZM approach is
particularly strong in these respects. Any action may be
undone simply by repeating the selection, and the user re-
ceives constant feedback from the interface on the effect of
his or her actions. As each user action is made, all of the
possibilities for further refinement of the selection are pre-
sented to the user, along with the number of selected or
selectable entities for each node of the concept tree. The
strength of the UI is such that it is being explored as a
mechanism for the automatic presentation of diagnostic in-
formation by relating information entities to fault condi-
tions and symptoms. Studies of the usage of pilot and
demonstrator NZM applications by engineers from collab-
orating industrial partners and other trial users have led to
the following observations:

• Some users, who are familiar with a conventional di-
rectory explorer interface in which the directory struc-
ture is not pruned, initially find the dynamic nature of
the hierarchy presentation to be nonintuitive; however,
after brief explanation of the mode of operation, users
are able to use the interface without formal tutorial
support.

• Selection from multiple branches of the hierarchy re-
quires those branches containing selected nodes either
to be continually displayed or, if closed, to be marked
~e.g., by a change of color! to show that a child node
has been selected. Selection from multiple branches of
complex hierarchies causes lengthy hierarchies to be
displayed, requiring scrolling of the display. Ideally,
this is to be avoided, which merits the exploration of
alternative approaches such as pull-down menus for
the hierarchy branches.

• The choice of key and mouse key operations for selec-
tion of categories~especially differentiation between
AND and OR selection and between selection and
deselection! is important to the look and feel of the
interface.

• The absolute performance of the hierarchy updating
mechanism is less important than the consistency in its
performance, reflecting observations made by Shnei-
derman~1997!.

7. CONCLUSIONS

There is widespread dissatisfaction with the searching of
large databases, and it would be hard to find anyone who is
completely happy with existing Internet search strategies.

We have illustrated the problems associated with three
types of search, which are representative of search types
from the extensive case study and analytical work~partic-
ularly in engineering organizations! that the authors have
undertaken over the last 10 years. The fundamental issues

associated with searching for information are linked to in-
herent conflicts or trade-offs between precision and recall
in searching approaches and the nature of keyword-based
or browsing search strategies.

To assist in addressing some of these issues, we are pro-
posing a UI-based NZM approach, which has been created
to ensure that the searcher or user is never presented with a
null result. The approach works in association with pre-
defined concept hierarchies and has a firm theoretical
foundation.

The approach has been tested with a range of data sets or
documents from the authors’ research partners, and three
illustrative examples are included to demonstrate the way
in which constant feedback is provided as the searcher or
user moves through the hierarchies.

The computational performance of the approach has been
shown to be very satisfactory for the data set sizes tested.
Strategies for improving this as data set sizes increase are
being developed.

The approach was designed and developed initially to
support engineering designers. These professionals have been
shown, by us and other researchers, to use bounded special-
ist collections of documents. Although the size of these
document sets will increase, they will never approach the
orders of magnitude of the 10s or 100s of millions of un-
controlled or random documents that have to be dealt with
by the internet search engines~e.g., Google is currently
indexing over 2 billion web pages!. Thus, the NZM search
method described in this paper is considered to have wide
ranging applications in domains that exhibit these bounded
characteristics~such as in medicine, law, government, and
similar domains!. Its hybrid characteristic of pruning from
a predetermined concept hierarchy makes it an innovative
and invaluable strategy to handle the precision or recall
conflicts in these technical or quasitechnical domains.
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