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Abstract. The so-called Semantic Web advocates the future availabil-
ity of machine-understandable metadata, describing Web resources by
means of ontologies expressed in description logics. This would eventually
entail changes in Information Retrieval (IR) indexing and matching algo-
rithms, but also in the user interface design of IR tools. This second as-
pect can be informed by existing Interactive Information Retrieval (IIR)
research, but it requires also further investigations about the interaction
of users with terminological structures and iterative, browsing-oriented
query construction paradigms. In this paper, preliminary experiences and
reflections regarding ontology-based query formulation interface design
are described.

1 Introduction

Information Retrieval (IR) can be defined as a discipline concerned with the
formulation and resolution of queries issued by users against a database of in-
formation items (possibly heterogeneous in format and structure). According to
[3], the effective retrieval of relevant information is affected both by the user task
and the logical view of the information items. The interaction of the user with
the IR system usually comprises both retrieval and browsing activities, oriented
toward fulfilling an information need. The logical representation of an item is a
representation of its contents, in many cases consisting on a set of keywords ex-
tracted by humans or by means of automated mechanisms. Both elements have
been extensively studied in the last decades from two complementary perspec-
tives: a system approach and an interaction approach. The system approach is
mainly concerned with the process of matching a query against the database of
items, in an attempt to produce optimal rankings. The interaction approach —
often referred to as Interactive Information Retrieval (ITR) — puts emphasis in
human factors, stressing the iterative nature of information searching (a review
can be found in [20]), and extending the scope of IR to the needs, motivations
and strategies of users in their interaction with IR systems.



Classical IR algorithms are founded on the assumption that information items
(or documents) are modeled logically by keywords pertaining to some natural
language. But the vision of a Semantic Web [7] radically changes this perspective.
The Semantic Web essentially advocates “crossing the chasm” from unstructured
keyword-based models to richer logic-based annotations that would eventually
provide a basis for reasoning. This entails that the logical model of a document
becomes a set of logical assertions about its contents (and perhaps also about
its physical structure, its relationships with other documents and other informa-
tion). In addition, the form of the queries becomes a logic expression with an
arbitrary level of complexity in its structure. Both consequences, when taken to-
gether, lead to a reconsideration of existing IR user interfaces, beyond the mere
typing of search terms. The problem can be divided again in a system-oriented
part and an interaction-oriented aspect. The former is mainly a matter of logi-
cal satisfaction and concerns annotation approaches, and eventually problems of
logical approximation in the sense given in [17] and elaborated, for example, in
[25]. The latter concerns the interaction strategies of the user with one or several
linked terminological structures, and the interpretation of her actions as query-
formulating criteria, comprising activities at various levels of granularity, that,
according to [5], can be roughly categorized as moves, tactics, stratagems and
strategies. In this paper, we mainly focus on this second interaction aspect, in
an attempt to provide a point of departure for the design of a new generation of
IR interfaces based on formal ontologies (it should be noted that formal ontolo-
gies are different to lexical thesauri [27] in that they are free of some problems
of ambiguity that occur in natural language) that provide an effective and effi-
cient interaction relying on logics-based techniques like those described in [18].
Moreover, the results and design guidelines provided in this paper are based on
previous research on a concrete ontology-driven IR system described in [22] and
[13], and they are also informed by previous research on IIR in a broad sense.
It should be noted that the criteria sketched in this paper do not exhaust the
wide range of IR possibilities opened by Semantic Web technologies, and further
research is needed both to accumulate experimental evidence (whenever seman-
tic metadata becomes mainstream available) and to develop a methodological
framework to construct and evaluate such systems. In consequence, the ideas
discussed here are mainly directed toward stimulating further research.

The rest of this paper is structured as follows. In Section 2, the context and
requirements of the problem is delimited, providing a set of assumptions about
the evolution and the eventual deployment of the Semantic Web as a global
infrastructure, just as the Web is today. From that initial context, a number
of query formulation issues (and their related search strategies) are discussed
in Section 3. Section 4 summarizes and discusses preliminary findings. Finally,
conclusions and future research directions are provided in Section 5.



2 Some Assumptions regarding Interactive
Ontology-Based Search

Since the Semantic Web is an evolving and growing reality, any attempt to
investigate one of its applications should first state the assumptions in which it’s
grounded. In consequence, we first provide a reasonable set of assumptions that
conform the point of departure of our ontology-based IR research. In addition,
a number of design requirements are established as tentative goals elaborated
from existing research.

The first assumption states simply that the Semantic Web relies in descrip-
tion logics (DL) as its foundational technical substrate. Currently, this appears
to be largely uncontroversial given the increase of research results in this direc-
tion3, and provided that the OWL language, endorsed by the W3C consortium
as a Semantic Web standard [12], includes a description logic sub-language.

Assumption 1 The ALC description logic (or some of its extensions) will be
used as the language(s) both for metadata annotation and to describe their as-
sociated ontologies.

We mention ALC as a minimum, since it’s a basic, significant representative
of DLs. Of course, more expressive DLs are currently used (and can be expected
to be used) in Semantic Web languages and prototypes.

Assumption 2 Shared ontologies expressed in DL by means of standard formats
will be available to IR systems.

Although it may take a long time to have available a set of significant con-
sensual ontologies covering most domains of everyday’s information seeking, it
must still be considered a prerequisite for Semantic Web applications, specially
for general-purpose Web search engines. The emergence and availability of large
conceptualizations like OpenCyc?* represent an important step in that direction.
Both assumptions (1) and (2) are in accordance to existing analysis regarding
the technological basis of the Semantic Web, as recently stated by Horrocks et
al. [14], since formal models are obviously better suited to machine understand-
ability, and common conceptualizations are required to enable interoperability.

Assumption 3 Web resources annotated through DL assertions regarding shared
ontologies will be available as the item base and logical item model for IR systems.

Assumption 3 entails that a ontology-based metadata record will be provided
for every searchable Web resource. Of course, and given the growing size of the
Web, this provision may be expected to become a reality in a gradual way, giving
room to hybrid models of IR. Nonetheless, here we’ll approach the problem
from an ideal perspective in which metadata exists for the whole database of

3 http://dl.kr.org/
4 http://www.opencyc.org/



resources. Moreover, annotation is still an open problem from the viewpoint
of the quality and consistency of metadata records, and currently information
extraction techniques appear to be a good compromise semi-automated solution
to annotation [10]. In any case, we’ll assume here that annotations are properly
constructed, just as conventional IR engines rely in their keyword-based logical
models.

Assumption 4 The user population consists of people who do not specialize in
search and are who have not knowledge about ontologies or knowledge models.

Assumption 4 states that the query formulation and resolution mechanisms
should be devised to reach the vast majority of the profiles that currently can be
found in the Web. This precludes designs based on specialized query languages,
and also user interfaces that include technical elements that are part of the
solution domain. An example of such design is the Ontobroker query interface
as described in [11], in which the technical ontology concepts of object, class,
attribute and value are used in ‘combo-boxes’ to form logical query expressions.

Some specific design requirements must now be added to the just discussed
assumptions to conform the space of design possibilities we're looking for.

Design Requirement 1 Information retrieval interfaces must provide support
to iterative query refinement and, as a supplementary function, also to serendip-
itous discovery.

One possible approach to design an ontology-based IR interface is that of
simply adopting the existing layout of current search engines, in which the user
types some words of phrases, and then browses the list of results. This is the
approach taken by querying systems like OntoQuery [2], that still relies on natural
language processing for query resolution. But here we focus on IR interface
designs in which the query formulation process is interactive and more user-
controlled. These kind of alternative, more sophisticated UI designs have been
advocated by Bates [5], resulting in a classification of user involvement levels
and associated search tactics, stratagems and strategies. The topic of discovery
by chance has been raised in recent studies [26] as a way to enhance the overall
usefulness of information seeking behaviors. Despite the available evidence about
its value, it still remains to be investigated the concrete design tactics and the
limits of this feature. In consequence, we’ll restrict ourselves here to provide
some hints about potential ways in which ontology-driven search may trigger
serendipity encounters.

Design Requirement 2 The design and affordances of the interface must be
independent of the domain.

Requirement 2 entails that we are concerned with general purpose designs.
Some existing ontology-based search tools provide interfaces specific to a given
domain. For example, Melisa [1] provides a Windows-Icon-Menu-Pointer (WIMP)



interface that gives the user the possibility to indicate ‘evidence quality’ and ‘in-
tegration of the evidence’ that are specific to medical or related domains. It
should be noted that we don’t claim that domain-specific elements should be
absent from the interface, we only commit to plug-ability of ontologies in the
same runtime of the IR system, so that for all the domain-specific query formu-
lation information must be encoded associated to the ontology, in a language
understandable for the IR system.

Design Requirement 3 The user interface must be Web-browser based.

Web browsers are the dominant interaction paradigm in the current Web,
and their particular, uniform hypertext navigation mechanisms will likely stay
largely unaffected while the HTTP protocol remain stable. Consequently, Web
usability and information architecture [21] guidelines are still relevant to Se-
mantic Web-enabled interfaces. Additionally, our present research is restricted
to human information seeking. Further studies should address the possibility of
building information-seeking software agents and also collaborative information
seeking strategies.

3 Query Formulation and Search Strategy Design

In surface, the browsing of the concept network determined by ontologies ap-
pears as analogous to navigation on existing link catalogs like Yahoo! [15]. But
although the clickstreams of both designs may appear as similar, the cognitive
intention of user actions would eventually be fairly different, and the result of
the user task is not the same. In the latter case, information items are found by
simply browsing nested subject categories lacking a formal taxonomic criterion,
while in the former, relationships between terms and also subsumed categories
can be used to specify an underlying query that may be resolved following diverse
heuristic approaches. Thus, the ontology-driven interface designer is faced with
both usability and technical issues that open a number of currently unexplored
alternatives.

In this section, we describe the rationale for the main design problems we
faced in the design of the prototype ontology-based IR system described in [22]
and [13], that will be referred to as OntoIR from here on. Technically, the sys-
tem works by querying a Rdf-based ontological model comprised by three related
sub-ontologies and implemented on the Tomcat Java-based Web server® using the
Jena Rdf-processing libraries®. The three sub-ontologies describe respectively the
domain, the Web resources annotated with concepts in that domain, and the bib-
liographic sources in which the domain concepts and relations are described. Any
ontology serialized in the DAML+OIL language can be plugged into the tool,
thus satisfying Design Requirement #2. Evaluation and user comments about
OntoIR system work have resulted in a number of identified improvement areas,

® http://jakarta.apache.org/tomcat/
5 http://www.hpl.hp.com/semweb/jena.htm



so that other design alternatives that were discarded or previously neglected are
also suggested here, with the intention of motivating further research in the area.

The first problem encountered in the design of an ontology-based IR interface
is simply where to start, that is, which elements of the ontology are provided as
a guide for the user to begin the specification of the search.

Problem 1 What are the elements that must be provided as a point of departure
for the user task?

In DL ontologies we have three basic candidates: concepts, relations between
concepts, and their instances. If a search process begins from scratch, the prob-
lem of deciding which elements to show is limited by the practical design rule of
limiting the length of pages [16] (thus avoiding scrolling). The number of con-
cepts or terms in a given ontology may in most cases be in the range between a
dozen and several hundred terms, while the number of objects is typically larger
— a factor of the number of concepts. Since relationships may difficult the com-
prehension of the initial user move, it appears reasonable to begin with ontology
concepts. Nonetheless, the use of relationships may be subject to future studies.

OntoIR is based in a top-down approach to query refinement, organized
around concepts. According to it, the user first selects a domain from which
to start the query, and then, the interface provides him/her with a number of
what we call entry points, along with its descriptions. Entry points are a number
of terms that are marked (with a form of meta-metadata) as query initiators, or
that are selected from the profile of previous queries of the users, in the case of
having an adaptive approach. The results and the terms that are provided by
the system in a given search process are subject to become initiators for new
searches, as discussed later. Thus, the information seeking problem is broken up
in two (possibly iterative) steps:

— Domain selection. First, the user selects a topic (i.e. a domain or ontology)
from which to start the search. It should be noted that this does not entail
that the entire search will be limited to that ontology, since relationship
traversal may lead to a query using terms from other domains, or combining
terms from different ontologies. Since this step is not strictly related to query
formulation, we’ll not go into details about it. Given that in the future, the
number of available ontologies may be relatively large (in accordance with
Assumption #2), some form of hierarchical browsing — or even a classic IR
process — should be provided for this selection step.

— Query formulation and resolution. The entry points of the selected on-
tology are provided as a point of departure. Therefore, it’s advisable that
the number of entry points be small enough to fit into the screen (or at least
to minimize scrolling). The current UT design is shown in Figure 1.

If the system is provided with user modeling and adaptive capabilities, some
form of search-by-example may be devised, taking previous queries or results
of the user, or even from similar users if some form of collaborative filtering
approach (see for example [19]) were included in the search interface.

Once in the query formulation step, a second range of alternatives arise.



Problem 2 What are the user moves that contribute to query formulation and
how do they contribute?

Problem #2 refers to the interpretation of user interactions. The overall
problem may be stated as how to translate a variable number k of discrete,
sequential user moves (belonging to a set M) or interactions into a DL-based
form. We have reduced the problem to the simpler one of collecting a set of terms
C from user interactions as expressed in (1).

t:M® ¢ (1)

The rationale for such simplification is that studies on current search prac-
tices like [24] have shown that queries are short (most of them including less than
ten terms) and also simple in structure. Nonetheless, it should be noted that the
transformation expressed in (1) loses the ordering of the selection of terms and
their selection context, and precludes selecting relations, so that further research
should generalize this model.
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Fig. 1. Overall appearance of the OntoIR tool

The current version of OntoIR allows for the following kinds of user moves
that build the query in a top-down fashion:



— The “Concepts” table allows for the selection (via checkbozes) of terms. The
‘refine’ functionality allows the user to explore the next level of the hierar-
chy for the selected terms, till the leaves of the generalization-specialization
network is reached. This means going from more general categories to more
specific ones, enabling wider or narrower searches. One major alternative
that was discarded in OntoIR was that of allowing the user to move from
terms to their generalizations (i.e. bottom-up moves).

— The “Kind of Results” table allows for restricting the type(s) of Web re-
sources to be retrieved, i.e. the form of the document. This is not limited
to the format, but to the type of document. The (KA)? ontology [6] pro-
vides an example taxonomy of scholarly documents that has been adopted
in OntoIR, but richer categorizations, perhaps coming from library science,
may be expected in the future. The selection process follows the same iter-
ative top-down approach used for the domain concepts.

— The “Suggestions” area provides a way to enrich the query formulation pro-
cess with related concepts. In this area, concepts bearing relationships with
elements in the ongoing term collection (¢’ € C’) are provided (i.e. domain
concepts d € D such that R(c’,d) or R(d,c') being R any domain relation).
The ‘move to concepts’ functionality makes appear the concept involved in
the given relationship in the “Concepts” area, that is, the related concept is
added to the ongoing C’. The terms shown in this area are ramdomly selected
from the possible ones.

The second and third areas in the list above are “collapsible” and “expand-
able” to save screen space if required. In synthesis, query formulation proceeds
top down, suggesting related terms, and providing an optional document type
filter. The terms in the “Concepts” area are links that trigger a separate browser
window showing the bibliographic source(s) from which the concept definition
was borrowed. This is a useful user function to prevent concept misunderstand-
ings.

Once the elements that conform the query have been collected, an interpre-
tation step is required, stated in Problem #3.

Problem 3 What is the approach taken to match the query with the contents
of the item database?

Now the problem may be stated as how to translate C into a DL-based expres-
sion denoting a number of Web resources. The overall form of this translation
step may be denoted as r : C — W, where ¥ is a concept expression denoting a
number of Web resources (direct or indirect instances of a top class Resource).
It should be noted that ¥ should not be substituted by a logically equivalent
expression F = V¥, since the terms selected by the user carry a semantic content
that may eventually determine the results of the query and also contribute to
future analysis of search behaviors.

Other alternatives to mapping r may combine concept expressions with ex-
ample instances and/or relation names, allowing for more flexible retrieval ap-



proaches. Expression (2) describes the query approach of OntoIR for this map-
ping.

v
Tontolr : C+— Rp N (Th UTy...UT)) (2)

Expression (2) describes matching items as a concept expression Rp restricted
to the types of documents T7,...,T; selected in the “Kind of Results” area (all
types are allowed if no T was selected). Rp is a combination of three sets of Web
resources related with the sets of instances C, E and S. Expression (3) defines
S in terms of the concepts Dy, Do, ..., Dy selected in the “Concepts” interface
area, as the concept covering all the instances of the domain concepts in C, and
C is defined as a subset of S in which an arbitrary domain relationship R exists
to other element of S. In the same expression, F is defined as a set of concepts
external to S that are related to one or more concepts in S.

C=SM3R.S and E=-ST3R.S given that S=D,UDy...UDy,  (3)

Given that instances of Resource (i.e. Web information elements) are linked
to elements in domain ontologies through relations (with concrete positive or
negative meanings like describes, criticizes or other kind of relation seman-
tics) subsumed by a top relation ABOUT, Rp can be determined by expression

(4).

Rp=Resource N (FJABOUT.C U3ABOUT.E U3ABOUT.S) (4)

Where Resource is the top class of all kind of Web resources in the ontol-
ogy. From expression (4), relevance criteria for resources can be implemented
regarding to each of the three sets C, F and S. OntoIR currently considers a
simple preference relation IABOUT.C = SM—-3ABOUT.C = 3ABOUT.E, but
more elaborated approaches could be devised from the same setting. For exam-
ple, the number of connections inside C' may be considered as an indicator of
relevance, and even flexible approaches similar to quantified statements in [8]
may be approached.

An example of a page of query results is showed in Figure 2. These results
come from the query formulated in Figure 1 on a usability evaluation methods
and techniques domain. The query has been built to retrieve all kind of on-line
articles about questionnaires and guidelines in user testing and heuristic evalu-
ation methods. It should be advised that all these concepts are the result of a
previous refinement of several entry points and some of them could be refined in
turn (e.g. questionnaires). In the basis of a sample of annotated resources, OntoIR
shows results according to the priority rule defined above. The (internal) set S of
concept instances comprises severity rating, QUIS 5.0, QUIS 6.0, SUS and
0SF/Motif guidelines, among others. The first instance represents an opin-
ion questionnaire, the following three are satisfaction questionnaires and the
last one is a set of guidelines. As the Standard Inspection technique is not se-
lected and it represents an inspection method that uses, for example, 0SF/Motif



guidelines, the generic Standard Inspection instance is included in set E.
The set C contains instances like severity rating, QUIS 5.0, QUIS 5.0 or
the generic instance heuristic evaluation, since QUIS 6.0 is a version of
QUIS 5.0 and heuristic evaluation uses severity rating questionnaires.
For each retrieved document the following information is provided: (a) The kind
of resource, (b) a brief extract of the content of the document, that allows the
user to evaluate its suitability for his/her search, (c) some relevant citation in-
formation about the document, and (d) the relations it maintains with other
instances of the selected terms. These relations may be to initiate new searchs,
since users can elaborate a new query with the terms involved in the relations
via the “search using related concepts” functionality. In addition, the related
instances are showed as links to access their description.

Obviously, interpretation requires further alternative explorations on realistic
ontologies to have an idea of the appropriateness of such schemes. In addition,
several alternative interpretations could be implemented, allowing the user of
the system to decide which is better for the task at hand.
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Fig. 2. A search results page in the OntoIR tool

The last problem that must be addressed is how to foster iterations and even
casual encounters, as prescribed in Design Requirement #1.



Problem 4 What mechanisms are provided to initiate a new search from a pre-
vious one?

As we have advanced in the example, OntoIR provides a number of features
that work as initiators of new search processes:

— Relationships suggested in the query formulation interface work as links
leading to a separate search interface including the terms in the relation and
also the entry points of their respective ontologies.

— Each of the search results is provided with the concepts related with it (along
with the name of the relationship), and the “search using related concepts”
functionality initiates a new search including the concept involved.

These affordanceses can be complemented by basic personalization features,
including the history of past searches of the user, sorted by the number of times
the user repeated it, and also a mode of search in which the user begins selec-
tion from the most selected concepts used by him/her in past searches. This is
consistent with the considerable amount of repeated queries reported in [24].

In addition, some specific ontological axioms has been recently incorpo-
rated to OntoIR to experiment on casual searching behavior. Concretely, the
disjointWith axiom of OWL has been used to provide query initiators based on
concepts that are the opposite of those included in the ongoing query.

4 Some Preliminary Results and Reflections on
Evaluation Techniques

According to the terminology proposed by Bates, our prototype system sup-
ports two levels of activity (falling into the “area of recommended development”
proposed in [5]):

— At the “stratagem” level, the “Kind of Results” area has proved to be a
separate mechanism for users to “Filter by Type” the ongoing search, in
most cases carried out once at a time and before selecting domain terms.

— At the “tactic” level, the SUB (to move downward to a more specific term),
RELATE (to move sideways to a coordinate term) and CONTRARY (to
search for the term logically opposite) tactics [5] are provided. In addition,
the SELECT tactic, i.e. breaking complex search queries into subproblems
is somehow supported in the “Domain Selection” step, and the process of
refinement — that only affects to selected terms — may be considered some-
times as a CUT tactic (to choose the option that eliminates the largest part
of the search domain).

Although many search activities remain unsupported in our current proto-
type, its querying model is consistent to a large extent with evolving searching
models like “berrypicking” [4], and the concatenation of search processes also



facilitates term relevance feedback [23], as preliminary evaluation has pointed
out.

While we wait for the emergence of TREC-like evaluation suites for ontology-
based IR systems, ITR models of evaluation like [9] can be tailored to the specifics
of the design space described in this paper. OntoIR has experienced two evalu-
ation processes. The first one, reported in [13] leaded to the separation of the
overall query formulation interface in three areas, and also to a reformulation
of the rontorr mapping. The second one is more recent and was approached
as a user testing process with ten users using the thinking aloud protocol. The
users were first introduced to the features of the tool, and then they were given
an example query and several tasks consisting on concrete searches involving
from three to six refinement moves. Two groups of users were formed: profile
A included programming students (daily users of the Web), while group B was
formed by non-technical people with casual experiences with conventional search
engines. Groups A and B were given six concrete search tasks regarding the do-
main of sailing, group A was provided also with four tasks regarding an ontology
of programming languages. Both ontologies (and their associated resource bases)
were built specifically for evaluation purposes, containing about a hundred an-
notated resources. Failure rates (i.e. unfinished tasks) were of less than one in
average, and the average time per search task was of about three minutes. No
significant differences were found between groups A and B, with the exception
of the results of an informal brief Likert-scale (one to five) questionnaire ad-
ministered at the end of the sessions regarding ease of use, learnability and
perception of usefulness (compared to conventional search engines). A difference
of more than one point in the scale pointed out to a worse perception of ease
of formulating queries in group B. Observations also pointed out to the appro-
priateness of including ways to move up in the hierarchy, and also to provide
more clear differentiations of the “Refine” and “Search” moves in the interface.
Other minor possible enhancements are providing a text describing the overall
domain while formulating the query and also a way to indicate that no more
sub-hierarchy levels are available for a given term.

5 Conclusions

The realization of the Semantic Web vision calls for a revised conception of
classical IR user tasks and logical models. Since ontologies are considered a key
service in the prospective Semantic Web [12], the design of ontology-based IR
interfaces has become an important research issue in this area. In this paper, our
first experiences in designing and evaluating such systems has been described,
highlighting the main assumptions, design requirements and problems that are
faced when approaching the problem from a human factors perspective. A pro-
totype has been described that enables a number of search tactics in the context
of top-down iterative query refinement. Further research is required to explore

" TREC is the acronym for Text REetrieval Conferences:
http://trec.nist.gov/pubs.html



other design alternatives and also to develop standards and best practices re-
garding the evaluation of ontology-based IIR systems.
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