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1. ABSTRACT

Two library classification system interfaces have been
implemented for navigating and searching large collec-
tions of document and book records. One interface al-
lows the user to browse book records organized by the
Dewey Decimal Classification hierarchy. A Book Shelf
display reflects the facet position in the classification hi-
erarchy during browsing, and it dynamically updates to
reflect search hits and attribute selections. The other
interface provides access to records describing computer
science documents classified by the ACM Computing Re-
views (CR) system. The CR classification system is a
type of faceted classification in which documents can
appear at several points in the hierarchy. These two
interfaces demonstrate that classification structure can
be effectively utilized for organizing digital libraries and,
potentially, collections of Internet-wide information ser-
vices.

2. CLASSIFICATION SYSTEMS FOR ORGANIZING
LARGE ELECTRONIC INFORMATION ARCHIVES

2.1. Advantages of Classification-Based Interfaces
Organizing books and documents in a digital library in-
terface by an a priori classification system may seem
to be a weak alternative to the variety of ad hoc orga-
nizations possible in response to searches. However, a
consistent structure, reflecting a commonly agreed upon
organization of knowledge, may help orient the user. As
suggested by Mann[15]:

Given identical computer systems for searching the
catalog records, is there an additional and substantial
advantage in being able to search the full texts themselves
in subject-browseable groups?

I submit that anyone who actually has to do research,
especially in unfamiliar subject areas or in languages in
which he [sic] has little proficiency, would have a decided
and fully justified preference for working in Library A
[with subject-browseable groups]. (page 131).

Indeed, an interface which reflects the structure of the
classification system essentially provides suggestions to
a user about further options to pursue following a search.
That is, after a search a user can select from the node
labels of the classification system near the search hits

to identify the subdivisions that may help further re-
fine the search. The classification system can also be
used to restrict searches so as to reduce the computa-
tional cost and avoid overwhelming users with spurious
information.

This paper considers two types of interfaces for access-
ing books and documents organized in classification sys-
tems. The interfaces have been implemented in the X
Window System using Motif widgets. The first inter-
face (Section 2) is for the Dewey Decimal Classification
(DDQC). this uses the hierarchical organization to facili-
tate browsing and the presentation of book records. The
second interface (Section 3) manages documents orga-
nized by a type of faceted classification system.

2.2. OPACs and Electronic Book Interfaces

Several interfaces have been developed for accessing on-
line book records. However, most Online Public Ac-
cess Catalog (OPAC) interfaces are designed for ASCII
terminals and do not have advantages, such as direct
manipulation, associated with GUIs. Other OPACs pro-
vide extensive term searching but do not take advantage
of the hierarchical organization [8]. Book cataloging sys-
tems also provide access to the hierarchical classifica-
tions. However, these generally have only simple graph-
ical interfaces (e.g., [18]) and are not documented in the
literature. Some prototype electronic catalogs introduce
creative interfaces but may not scale well for large col-
lections [4, 17, 19].

Interfaces for electronic books have now been widely
studied, but relatively little attention has been paid to
the management of collections of books in these systems.
The SuperBook™ browser [6, 7] takes advantage of the
hierarchical structure of individual documents. For in-
stance, it presents chapter and section headings in a
dynamic Table of Contents (TOC). However, the Su-
perBook browser itself is not effective for navigating a
hierarchical book classification system; it does not easily
support fielded search, and it is not designed for present-
ing and manipulating short records.

Section 2 describes an interface that incorporates inter-
face features from other systems and adds many new
ones. Among these features are fisheye browsing of the



iCatalog Root)
000,0000 Generalities
00,0000 General {000,00003
005,0000 Computer programming, programs, data
005,1000 Programning

005,1000 = General (005,1000)

005,1100 = Special programming techniques

005,1200  Program design

005,1202  Auxiliary techniques and procedures: apparatus, equi
005,1200 = Programming languages

005,1400  Merification, testing, measurement, debugging
008,1500  Preparation of program documentation

008,1600  Program maintenance

Author/Editor [Last Namel

Title/Subject

Computer softuware techniques and systems: bibliography
05,1000 General {00G, 1000
Softuare engineering economics
Problem solving and floucharting
Structured concurrent programming with operating systems applications
Proceedings, 1st International Computer Softusre and Applications Conference
Proceedings, 2nd International Computer Software and Applications Conference
Software engineeringt analysis and werification
Operating system structures to support security and reliable software
Foundations of logic programming
Program flow analysis: theory and applications
Proceedings, dth Mational Conference on Software Engineering
Proceedings. and tutorial, 2nd Mational Conference on Software Engineering
Improved maintenance techniques
Tutorial on software maintenance
Software engineering: a practitioner’s approach
Software engineering
Software reliabilityr a study of large project reality
05,1010 Philosophy and theory
Paychology of computer programming
008,1028 Auxiliary techniques and procedures: apparatus, equipment, materials
COSMIC, a catalog of selected computer programs
Software configuration managementy an irvestment in product integrity
005,1130  Structured programming
Managing the structured techniques
005,1202 Ausxiliary techniques and procedures: apparatus, equipment, materials
Decision tables, 1968-mid 1973: bibliography
- |005,1300 Programming languages
Conference record
Conference record
Conference record
Conference record
Conference record
Conference record
Conference record
History of programming languages: from the ACH SIGPLAN History of Programming Languages
Comparing and assessing programming languages: Ada, C, and Pascal
Common command language for file manipulation and network job execution: an example
Programming language concepts
Denotational description of programming languages: am introduction
Fundamentals of programming lanquages
Command languages : proceedings of the IFIP Working Conference onm Command Languages
Conversational languages
Computer semantics: studies of algorithms, processors and languages
Definition of programming languages
Theary of programming language semantics
fmerican national standard programming language FORTRAN
05,1310 Symbolic (Mathematical} logic

Figure 1: GUI for Book Records Organized by Dewey Decimal Classification.

classification hierarchy, a full Book Shelf, interlocking
operation of the classification hierarchy and Book Shelf
display, posting search hits against the classification hi-
erarchy, control of search hit displays on the Shelf, con-
trol of the granularity of the search hit displays, and
lateral links across the classification hierarchy. More-
over, it supports a realistically large collection of book
records.

2.3. Interface for Faceted Classifications

Many classification hierarchies have multiple components.

These include faceted classifications [21], polyhierarchies,
and multitrees [10]. Faceted classifications are the most
widely explored of these systems and they have been
proposed as suitable for online retrieval by Godert [11];
but electronic systems to manage these have not been
previously described. Because documents may be in-
cluded under several different nodes of a faceted classifi-
cations, the faceted classifications are a type of directed
acyclic graph. On the other hand, any faceted classifi-
cation can be expanded as a simple hierarchy.

Some classification systems are partially faceted. For
instance, books in the DDC under Art History are orga-
nized by geographic areas and historical periods. Books
organized by the Library of Congress system include
Cutter number extensions which are orthogonal to the

main classifications. Many other classification systems,
such as the INSPEC Classification for engineering and
the ACM Computing Reviews (CR) classification system
[2] are faceted.

3. HIERARCHICAL-CLASSIFICATION INTERFACE
Figure 1 shows an interface that allows interaction with
the DDC. The user has navigated the Subject Hierar-
chy List to 005.1000 Programming. The interface
is composed of three main groups of widgets which are
described below.

3.1. Interface Widgets

3.1.1. Book Records and the Dewey Decimal Classifica-
tion The DDC probably is the most widely used in-
ternational classification system. It is also one of the
purest hierarchies of the major library classification sys-
tems. The DDC was designed for cataloging books [18],
but it has been suggested as the basis for an interface
to help the casual user [16]. With the introduction of
high-powered personal workstations and flexible GUIs,
the accomplishment of this goal for the casual user is
now feasible. The headings for a large part of the DDC
were obtained and merged with the book records. While
the DDC, as with any classification system, is not suit-
able for all tasks,; it is useful for a large range of tasks
and is familiar to many users. In preparing the corpus,
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Figure 2: Interface after Search for “Human Computer Interaction”.

long call numbers were truncated to 4 decimal places.
In a few cases, the hierarchy was not complete and filler
headings were inserted. For instance, in the Classifica-
tion immediately below the first-level node 000.0 Gen-
eralities is the third-level node 001.0 Knowledge.
A second-level heading 000.0 General was created to
match other second-level headings under 000.0 Gener-
alities such as 010.0 Bibliography.

Book and document records numbered by the DDC were
obtained from the Bellcore Technical Libraries. They
covered approximately 50,000 books and technical re-
ports. Each record included the shelf number, author,
title, publisher, location, a subject field, and a list of the
library locations where the book was held.

3.1.2. Subject Hierarchy and Current Node Lists: The up-
per left quadrant of Figures 1 and 2 shows a TOC for
the hierarchical interface. The TOC is split across Sub-
ject Hierarchy and Current Node Lists. Together, these
widgets allow a user to navigate through the hierarchy
and serve a function similar to the expandable TOC of
the SuperBook browser. In a deep and wide hierarchy,
such as the DDC, the contents of the expanding TOC
would frequently scroll out of view. Although less infor-
mation is presented in separate Subject Hierarchy and
Current Node Lists than in an expanding TOC, these

lists yield a more predictable display and are especially
suitable for the DDC records where the shelf number
provides an additional pointer into the hierarchy. More-
over, book-record hierarchies have looser semantic con-
nections between nodes at the same level than the TOCs
of most individual documents and books. Thus, display-
ing all choices at intermediate-level nodes would not be
particularly informative.

3.1.3. Book Shelf and Book Display Widgets: The Book
Shelf (right side in Figures 1 and 2) does not attempt to
mimic a physical book shelf. Rather, it is a very long list
of book records. The user, typically, has only a partial
view of the list. The view of the Shelf is limited by the
number of items that can be displayed on the screen
at any time and by options that determine which book
records and which attributes of those records are to be
displayed.

The selection of displayed attributes is determined in
response to iterative queries that control a filter mask.
Thus, the Book Shelf is “dynamic” in the same sense as
the dynamic graphical query interface described in [22]
and as used in general purpose data viewers (e.g., [20]).
Nodes in the classification system immediately above
the selected books are also presented on the Shelf. The
Shelf shows nodes at different levels abutted one after



the other. The default display for records on the Shelf
shows titles. The user can select other attributes to be
presented on the Shelf such as the author name, the
length (number of paper pages), and the publisher.

When the user clicks on a book title on the Shelf, a
Book Display widget opens showing the full record for
that book. Indeed, it is possible to browse the Shelf by
selecting successive book titles to be displayed.

3.1.4. Fielded Search Widget: The Fielded Search wid-
get (lower left in Figure 1) generates searches on book
record fields such as title, author, and subject descrip-
tors. Three search algorithms are available: a Boolean
OR of matched terms, term matches between the query
and the document terms weighted by term frequencies,
and Latent Semantic Indexing (LSI) [5].

For LSI [5] searches, the LSI-value for a node is derived
from the position of all the terms in the book titles and
subject descriptions of all the books under that node.
This is conceptually similar to the approaches of [9, 13]
for other search algorithms. However, it meant that
individual books were not able to be located with LSI.
Moreover, because the LSI searches took considerable
computational resources for matching vectors, the LSI
space had to be precomputed.

3.2. Browsing

The interface can be used for browsing the DDC. The
Current Node List displays items that allow the user to
navigate deeper into the hierarchy. Initially, the current
nodes are the top-level classification terms (as shown in
Figure 1). When nodes lower in the hierarchy exist, the
nodes above this are marked with an “=”. The Sub-
ject Hierarchy List displays the hierarchy nodes above
the books currently being displayed on the Book Shelf.
Clicking on one of the higher-level nodes causes the im-
mediate descendants of the selected node to be displayed
in the Current Node List. In addition, the Shelf displays
books at the selected node.

3.3. Searching

Figure 2 shows the interface following a search on the
terms “Human Computer Interaction”. Titles that match
the search are marked with a “4”. In the default Hits
Only display mode, the Shelf displays only the matched
books and their immediate parent nodes. However, the
Display AllTitles button (at the upper right) lets the user
display all titles with the hits interspersed.

Counts of search matches are posted beside the node
labels on the TOC widgets. These counts can help the
user locate relevant items. For instance, in Figure 2
1184 books match the query and 641 of these are under
the heading 000.0 Generalities. This suggests that is
the most promising part of the hierarchy for looking for
relevant books.

The hierarchical interface is most effective for compar-
ing documents of relatively similar retrieval values be-
cause it does not easily display quantitative informa-
tion about the matches. That is, unlike typical infor-

Figure 3: Graphic Display of Dewey Hierarchy after
LS| Search.

mation retrieval (IR) systems that present items ranked
by a similarity metric, the interface based on hierar-
chical structure does not readily show graded retrieval
scores. The approach taken here is to set a threshold in
the ranked-ordered list and to treat all items above that
threshold as hits. Initially, a titration procedure was de-
veloped to select the threshold so that, not less than 5
titles and not more than 100 titles would be presented.
However, informal user testing suggested that users of-
ten wanted to override the titration setting. Thus, a
slider for controlling the number of hits displayed was
developed. This is similar to the use of a slider for “ag-
gregation manipulation” [12]. In Figure 2, the slider
(upper right) has been positioned to show the maximum
number of hits (1184 in this example).

It has been believed that book titles are too short to
yield effective searches. However, the assumption be-
hind this work is that there are often enough records in
a node that relevant words will appear in, at least, some
of them. Getting search matches on some of the titles
in a node allows the user to reach that node and then
to use the Shelf browsing capability of the interface and
then to find the most relevant documents. In addition,
following a search, the user could easily step forward
and backward on the Shelf with the NextMatchNode
and PreviousMatchNode buttons.

3.4. Extended Features

Several additional features were implemented for the hi-
erarchical interface but were not included in the basic
version.

3.4.1. Interactive Graphic view of DDC:  Graphics can
often help orient users with large amounts of data. How-
ever, graphical displays have been only lightly used in
information interfaces [14]. Figure 3 shows a black-and-
white view of a compressed dendrogram of the nodes in
the Dewey hierarchy. Like [3], this dendrogram is inter-
active. In this case, clicking on the dendrogram causes
the Book Shelf, Subject Hierarchy and Current Node
Lists to open to the selected node. The dendrogram in
Figure 3 shows search hits from an LSI search on the
term “computer”. Dark lines indicate better matches.
Clearly, many of the computer-related books are in the
early part of the hierarchy. The graphic display tool is
still in early stages of development. For instance, the
node representations are so closely spaced that it is dif-
ficult to see them and to select them.

3.4.2. Restricting Shelf by Attributes:  Attributes, such as
library location, whether the document has been checked



out, and the type of document, may be used to select
subsets of books controlled by menus. By selecting vari-
ous library locations it is possible to examine the virtual
Shelf for any one location or any combination of loca-
tions of the Bellcore Technical Libraries.

3.4.3. Additional Shelf Traversal Modes: Two additional
modes for skipping through search hits on the Book
Shelf were implemented. It was possible to skip by Book
and by search-algorithm-match order. Specifically, the
UpBook and DownBook buttons allow the user to eas-
ily find book titles that match a search. The Previ-
ousBookInOrder and NextBookInOrder buttons let the
user examine books in the ranked order in which they
matched the query. However, it is easy for the user to
lose orientation because the books are not necessarily in
order and the user viewing them may jump around the
hierarchy. If the user requests NextBookInOrder after
all the books in the initial set have been viewed, the set
expands by relaxing the threshold.

3.4.4. Similar Books: An option for the Book Display
allows the user to request Similar Books. It searches
for books similar to the displayed book where similarity
is determined by one of the retrieval algorithms rather
than by shelf proximity. This option spawns a new
search that, when it follows an initial search, is a type
of relevance feedback. Because the book records are
short, the Similar Book requests yield some spurious
matches. As with the initial searches, posting similar-
book hits against the Subject Hierarchy List allows the
user to follow the classification semantics to identify rel-
evant items. The Book Display also contains options for
presenting other books by the same author. This links
books across leaf nodes of the hierarchy.

3.4.5. Lateral Links: For especially complex hierarchies,
when a person using the browser reaches a terminal node
they may not find exactly the information they are look-
ing for but they may suspect they are close to it. Re-
questing a search for Similar Books (see above) would be
one way to find other relevant sections of the hierarchy,
but it is also possible to have precomputed lateral links
between nodes (i.e., “distributed relatives”). A mecha-
nism was implemented for this, in which a button was
associated with each node and clicking on that button
presented a list of other related nodes. At some point,
these complex hierarchies would be better represented
by faceted classification systems (see Section 3).

3.4.6. User Restricted Collections: In many cases, a
user would be willing to restrict searches to certain seg-
ments of the classification hierarchy. This could improve
computational efficiency and would focus the users at-
tention. While that capability was not essential for the
current prototype with about 50K book records on a
powerful workstation, for a much larger collection (e.g.,
for the Library of Congress collection or for World-Wide
Web (WWW) pages on the Internet) the user should be
able to specify subsets of the records to search. For this
system, users sub-selected nodes to include on a sepa-
rate shelf and they could toggle back and forth to that

shelf.

4. INTERFACE FOR FACETED CLASSIFICATIONS
Figure 3 shows an interface for browsing the computer
science literature by means of the Computing Reviews
classification. The test corpus consisted of doctoral dis-
sertations cited in ACM Computing Archive [1] as pub-
lished in 1992. The key idea is selection by specifying
multiple constraints. Of course, there is no linear or-
ganization of documents for display in this collection;
thus, the order of the nodes in the shelf displays is un-
determined.

4.1. Interface Widgets

4.1.1. Cascading Facet Menus and Active Constraints
Widget: Major categories are chosen from the Facets
widget at the upper left of Figure 4. These selections
open cascaded menus that display lower-level categories.
When the “4” to the right of the facet label is selected,
the facet is added to the Current Constraint List (left
middle in Figure 4).

To show the context of the selected constraint labels,
the parents of the constraints are displayed in parenthe-
ses on the Constraint List. The Shelf is updated with
articles that match the constraints. Of course, the con-
straints propagate to all their descendants. Constraints
can be dropped from the Constraint List by clicking on
the “~” on the right side of the widget.

The interface allows the user either to take documents
that match the union of the constraints (AND) or the in-
tersection of the constraints (OR). For large collections,
there are often far too many matches for the union. By
switching to the AND display, the most relevant doc-
uments can be easily found. For the ACM CR collec-
tion, there is substantial variability in the number of
categories assigned and the criteria for determining rel-
evance of those categories.

4.1.2. Shelf: Because most of the documents are as-
signed to several categories, a user could find a relevant
node and then find other nodes that have similar clas-
sifications. The overlapping categories are presented in
the current interface by selecting the “o” from the first
vector on the right side of the Facet Menu widget.

Among doctoral dissertations that were cited in ACM
Computing Archive [1] as published in 1992, the cate-
gories that had two or more overlaps to H.3.3 Informa-
tion Storage and Retrieval were H.2.4 Systems,
H.2.0 General, D.3.2 Design Styles, H.5.2 User
Interfaces, and 1.2.6 Learning. Thus, a user who ac-
cessed articles under H.3.3 could examine those other
categories for relevant material. This is a type of lat-
eral link across the hierarchy (see “Extended Features”
section above).

4.1.3. Searches: Currently, term-frequency weighted
searches are implemented in this interface. In one mode,
it is possible to ask for all document titles to be included
in the search. It is also possible to limit the search to
those documents that match the constraints.
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Figure 4: Interface for Computing Reviews Classification with Two Constraints Selected.

Posting search hits against the hierarchy is more com-
plicated in this case than for the simple hierarchical dis-
play because a single document can belong to several
categories. The current system uses fractional category
memberships when the hits are spread across categories.
As noted above, the Book Shelf for the facet interface
has no a priori order. Thus, there is no natural order
to display search hits. On the other hand, a variety of
other ad hoc organizations are possible. For instance,
the categories might be ordered by the density of hits.
A related problem is which facet hierarchy to pop-open
after a search (perhaps to help guide the user to further
refine the search).

5. DISCUSSION

5.1. User Studies

While formal user studies have not been conducted on
these interfaces, informal feedback from users of the hi-
erarchical interface has been generally favorable. One
major innovation here has been the introduction of a
Book Shelf. Because this is the only full-scale system
to include a Book Shelf (and hence the only system to
allow browsing of books by shelf order), it is not clear
what sort of evaluation is most reasonable.

The greatest problem with these interfaces appears to be
complex interactions among features. For instance, in

the Hits Only mode there are often too few selections to
fill the Shelf Display; thus, the UpBook and DownBook
buttons have no effect. In addition, some test users have
suggested that the elision in the Hits Only mode should
apply to the TOC as well as the Book Shelf. Completely
shifting context from one set of screens to another (e.g.,
with the similar books option) is also difficult.

Beyond the problems of the interface design, there are
limitations inherent in this type of interface for hierar-
chical classification systems. A substantial concern is
the user does not know how many books are included
under each node. For parts of the hierarchy hierarchy,
a user may know or may be able to take a good guess;
however, the user may not be at all familiar with other
parts of the hierarchy.

The facet interface is probably harder to use than the
simple hierarchical interface. This is because of the com-
plexity of managing multiple facet hierarchies and the
lack of a natural shelf order for the documents. More-
over, the facet interface described here has not been as
well developed as the simple hierarchical interface. For
instance, graphical displays might be especially useful
for navigation of the facet hierarchies.



5.2. Integration with Other Information Systems

These interfaces could provide the basis for access to ad-
ditional electronic information sources. Clearly, it would
be possible to have the short document records pointing
to the full text of the books and documents. Moreover,
encyclopedia articles describing authors could easily be
presented. Likewise, book reviews, citation statistics,
circulation data, and user annotations could be included
as part of the Book Display. Conversely, an electronic
encyclopedia could access the OPAC for bibliographies.

Overall, these interfaces suggest that the structure of
a classification system can be a useful aid for search-
ing and navigating a digital library. Indeed, it may be
worth exploring how digital library classifications can
be extended to finding information in less structured
domains such as for information in the WWW.

5.3. Envoi

Techniques such as the PreviousMatchNode/NextMatch-
Node buttons and lateral linking show how search-based
IR and structure-based Hypertext approaches can be
combined. It is also worth noting that structure could
be used to enhance a search-based OPAC (e.g., [8]). In
any event, while the DDC provides links to related doc-
uments, there are many other dimensions of similarity
(e.g., author, citations, publisher) that could be used
for linking as well. It remains to be seen whether these
dimensions can be coordinated into useful interfaces.
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