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Abstract. This paper assesses the retrieval effectiveness of automatically constructed inter-document hypertext
links in Information Retrieval (IR). The objectives of the experiments described are to obtain evidence concerning
the usefulness of querying and browsing automatically constructed IR hypertexts. Links are built by using IR
techniques, as these enable rapid, automatic production of hypertexts from a document collection for accessing the
collection itself. These tests are carried out in a laboratory environment and through simulation of link browsing.
Results of experiments show that browsing has little impact on the retrieval of relevant documents if used in place
of querying or relevance feedback methods, though may be practical if used in combination with them.
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1. Introduction

1.1. Grouping and linking information retrieval data

Research into grouping and linking of objects dates back to the early days of information
retrieval (IR), when it was recognised that the adoption of links between objects helps
disclose their content through semantic inter-relationships. Two of the most widespread
example techniques for object grouping and linking are relevance feedback (Robertson
and Sparck Jones 1976, Rocchio 1971, Salton and Buckley 1990) and clustering, both of
documents (Griffitths et al. 1986, van Rijsbergen 1979, Willett 1988) and indexing terms
(Sparck Jones 1971, van Rijsbergen 1979, Salton and McGill 1983).

Document clustering techniques provide additional information on document content.
The latter may then be described by using the linked documents, rather than with the
occurring indexing terms. The same also applies to term clustering. Under the clustering
and association hypotheses made for documents and indexing terms, respectively, it is
possible to design more effective strategies than that of a linear query-based search. In
particular, it is possible to enlarge the set of retrieved documents or expand the query by
retrieving clusters instead of individual documents, or by adding clusters of indexing terms
to the query, respectively.

Relevance feedback is one of the most renowned search techniques used to effectively
improve a classical IR system by providing an additional degree of interaction between
users and IR systems. Several relevance feedback algorithms have been proposed (Harman
1992), yet it has been demonstrated that their effectiveness may depend on collection
characteristics (Salton and Buckley 1990).
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Relevance feedback and clustering are indirect means for linking documents together.
The drawback of these techniques is that the degree of interaction is rather low, and that the
semantics of these implicit links remains hidden to users, making it impossible to supervise
the linking mechanism to adapt it to their own information requirements.

1.2. Hypertexts for information retrieval and automatic hypertext construction

The need to group and link documents and indexing terms has been made explicit and
then formalised through the definition of a hypertext IR (HIR) model (Agosti 1988). An
IR hypertext system is a network of nodes designed for storing information and establish-
ing interconnections through semantic relationships which are represented as links. Link
browsing thus directs users to the desired information being stored in the nodes.

The feature that makes such a hypertext differ from a classical IR system is that the
auxiliary data representing the semantic content of the data stored in the nodes are also
represented in terms of links. Users explicitly and directly navigate across the links and
employ the semantics they represent to express their own information requirements rather
than formalising their requests as more or less complex queries. A crucial requirement for
HIR systems is that they are expected to help users express their own information needs
and direct to the relevant nodes at browsing time. Users may then supervise the linking
mechanism by directly selecting links and nodes, without “delegating” the retrieval of
relevant data through queries to the system.

The HIR model is considered as a potentially effective alternative to and shares some
of the techniques of the classical Boolean, vector-space, or probabilistic model. Indeed,
the technique of interconnecting nodes through links and the browsing-based search strate-
gies appear realistically close, for instance, to the classification, indexing, and searching
processes carried out by indexers or libraries, as stressed by Sparck Jones and Willett (1997).

Hypertexts for IR may be constructed either manually or automatically. Manual HIR
construction is a difficult task due to a number of reasons, and namely:

— the large number of nodes and links makes manual transformation of current text docu-
ment collections into hypertext unfeasible;

— the individual full-text documents currently available in machine-readable format are
often too large to be used as nodes from which extract the data being necessary for the
automatic link construction.

To address the issue of the size and number of documents stored in real collections,
a number of methods and tools have been proposed for automatic detection of links and
extraction of smaller fragments to be used as nodes from documents (Agosti and Allan
1997). Most of the methods proposed for automatic hypertext construction are based on
IR techniques since, as stressed above, researchers in the field of IR have always dealt with
the automatic representation of semantic relationships between IR objects, i.e., documents
and terms (Agosti et al. 1997).

The trade-off between manual and automatic hypertext construction is analogous to that
existing between manual and automatic indexing. The main point in favour of automatic HIR
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construction is that the reproduction of hypertexts from collections available in electronic
form is fast and consistent. However, the greatest drawback of this method is that resulting
hypertexts are more primitive than those that are constructed manually. At the current
state-of-the-art in automatic construction techniques, hypertexts that effectively represent
concepts as nodes and semantic relationships as links are made by the intellectual effort of
human experts and, if available, through the support of a semiautomatic tool.

An argument in favour of automatic hypertext construction is that it involves less sub-
jective and partial judgement concerning the quality of hypertext than a human-made con-
struction does, although automatic tools do also incorporate some subjective reasoning, as
they are designed and implemented by humans. For example, most automatic hypertext
construction methods are based on the computation of the vector cosine to assess the simi-
larity between document nodes. However, this measure is only a rough approximation of
the semantic closeness between documents, as has been demonstrated by Allan (1997).
Automatic construction helps reduce the risk of inconsistency and missing nodes or links
that may occur with a man-made hypertext construction.

1.3. Evaluation of automatically constructed hypertexts for information retrieval

The evaluation of automatically constructed hypertexts is intended as a procedure for assess-
ing the capability of such hypertexts in retrieving information, and is therefore an important
step in deciding whether an automatically constructed hypertext is as effective in support-
ing users retrieving information as with other IR methods (Sparck Jones 1981). As HIR
systems are a particular kind of IR system, the procedure of evaluating HIR systems is
closely related to the issue of evaluating IR systems. Thus, the evaluation of automatically
constructed hypertexts inherits the same weaknesses and strengths of evaluation, though it
is a more complex task than for IR systems. A few of the differences are listed below.

1. First of all, HIRs arenetworksof documents and auxiliary data rather than flat collec-
tions of plain data. Evaluation must take into account the fact that hypertext links repre-
sent semantic relationships between documents and therefore the relevance of a document
with respect to a query depends on directly- and indirectly-linked documents.

Indeed, the dependence between relevance judgements collected during browsing-
time is stronger than those during querying-time, as (i) hypertext documents are linked
directly, (ii) users do necessarily see documents one after another, and (iii) their judge-
ments about the relevance of a document does strongly depend on the judgements given
on the previously seen documents.

2. Evaluation methodologies for IR systems are designed for assessing query-based search
processes, whereas HIRs are employed for browsing and querying the document base in
an integrated fashion. One should effectively evaluate the new HIR system capabilities in
general, and then perform evaluation of the integrated querying and browsing functions
that have been automatically developed and made available to the users.

3. Evaluation measures used in IR in a laboratory setting (i.e., precision and recall) are only
partially usable when evaluating the characteristics of hypertext information retrieval
systems, as these measures are based on the assumption of unlinked documents and
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auxiliary data. New measures should be defined to take into account the presence of a
network of nodes.

4. When using classical test collections, one has to consider that the judgements collected
in a test collection are given with respect to a query representing an information re-
quirement formulated before retrieving documents. On the contrary, users browsing a
hypertext formulate their own information requests at navigation-time and therefore
judgement regarding the relevance of a visited document is given on the grounds of a
partial representation of the request itself. This means that the judgements collected in
a test collection for HIR evaluation should represent these relationships.

Evaluation of automatic hypertext construction methods may be approached by measur-
ing three different, complementary factors, as illustrated in a few example research works
cited and surveyed in the following:

— the goodness of nodes in storing relevant data, as done for example by Salton et al.
(1997);

— thehypertext topology, as tested by Botafogo et al. (1992), Furner et al. (1996), Blustein
et al. (1997), Smeaton and Morrissey (1995);

— thedegreeto whichlinks are able to represent the semantic relationships between nodes.
As regards this point, the following criteria for assessing the quality of hypertext links
have been identified (Thistlewaite 1995):

• Consistencybetween different hypertexts constructed by a specific tool or human
experts, as presented in (Blustein et al. 1997, Furner et al. 1996).
• Soundnessof links in connecting only semantically related nodes. This criterion is

analogous to the notion of precision (Croft and Turtle 1993, Savoy 1997, Blustein
et al. 1997).
• Completenessof links in connecting all relevant nodes as recall is the degree to which

all relevant documents are retrieved (Croft and Turtle 1993, Savoy 1997, Blustein
et al. 1997, Smeaton 1995).
• Updating capabilitiesof hypertext links by inserting new nodes without violating

soundness and completeness (Agosti et al. 1998, Smeaton and Morrissey 1995).

A number of evaluation tests on automatically constructed HIRs have recently been con-
ducted. As in standard IR evaluation procedures, tests on HIRs may be performed within
laboratory or operational environments. With respect to the adopted methodology, the re-
search work in HIR evaluation can be broadly classified into two approach methods, namely
user and system-sided. The majority of the research contributions concerning evaluation of
automatically constructed hypertexts has been approached from the system-side, as:

1. user-sided evaluation is more resource-consuming and may be difficult to repeat, and
2. it is perfectly natural to perform evaluation measures through the same software tool

that generated the resulting hypertext.
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1.4. User-sided IR hypertext evaluation

The evaluation of HIR effectiveness is defined asuser-sidedwhen it is carried out through
operational or laboratory tests with the active and direct participation of end-users. Some of
the proposed evaluation procedures have been designed to compare man-made hypertexts
with automatically constructed hypertexts, under the assumption that the former are the
“ideal” ones and therefore much “better” than the latter.

Blustein et al. (1997) provide a report on two automatically constructed hypertext evalu-
ation methodologies. One methodology aims to compare an automatic hypertext with an
“ideal” one by computing the correlation coefficients between the length of paths be-
tween documents and the document similarity expressed through the cosine measure of
the weighted vector-space model. The other methodology is based on assessments given by
real searchers. It is the latter that belongs to the user-sided category. The experiment is an
instance of the scheme described by Tague-Sutcliffe (1992), and it is an important method-
ological frame of reference for hypertext evaluation. The relevance of that paper is due to the
considerations regarding the aspects to be dealt with hypertext evaluation, and in particular:

1. the usefulness of a hypertext may be better understood if it is compared with the corres-
ponding plain texts from which is generated;

2. the population of users for which the hypertext is designed should be known in advance;
3. the significance of tests does strongly depend on the degree of “representativeness”

of the sample of users—for example, the more the population is divided, the larger the
sample should be;

4. a distinction has to be made between observable variables and external factors—the
interface and the main subject of the hypertext may be considered as external factors,
as they are not the central focus for hypertext construction and consequently should be
controlled;

5. because of inter-document links, judgements regarding the relevance of a document also
depend on the assessments concerning previously visited documents.

Another interesting approach to user-sided IR hypertext evaluation is presented by Furner
et al. (1996). The authors report on an experimental hypertext comparison study, where
several different people were asked to produce a hypertext representation of a full-text
document. The aim of the tests carried out by those authors was to measure the inter-
linker consistency, i.e., the extent to which different human experts produce different hy-
pertexts. The investigation required the calculation of similarity measures between pairs
of manually produced hypertexts. It was shown that the structure of a hypertext doc-
ument is crucially dependent upon the person who created the links. This important
experimental result implicitly supports the study and development of methods for auto-
matic authoring of hypertexts, as the application of a sound automatic authoring method
can produce a hypertext that does not incorporate just one specific subjective design and
development view, and is reproducible starting from the same initial collection of flat
documents. The authors of the study conclude that they were “unable to reject the null
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hypothesis that there is no positive association between inter-linker consistency and retrieval
effectiveness”.

Most of the research work on automatic hypertext construction is focused on evaluating
the quality of links. An important methodological contribution for evaluating the quality of
nodes is presented by Salton et al. (1997), in which methods for automatically extracting
summaries from text documents are described. The extracted summaries may generally be
used as hypertext nodes. The authors set a test procedure to compare manually extracted
summaries to automatically extracted ones. Users submit a document to the system that
presents two summaries, one manual and one automatic one. The user judges both sum-
maries with respect to his or her own notion of quality. Under the assumption that manually
made summaries are the “ideal” ones, the overlapping of selected automatic summaries
with manual ones is computed as a measure of goodness of the automatic summary.

1.5. System-side IR hypertext evaluation

The evaluation of HIR effectiveness from thesystem-sideis based on the computation of
quantitative measures and/or the simulation of retrieval processes, such as querying and
browsing. These tasks are performed through the use of a number of test collections within
a laboratory environment and without involvement of any real users. This kind of evaluation
may include:

— the computation of classical precision-recall measures (Croft and Turtle 1993, Savoy
1997);

— the computation of measures describing the hypertext topology (Botafogo et al. 1992,
Furner et al. 1996, Blustein et al. 1997).

Croft and Turtle (1993) performed a comparison between a heuristic spreading activation
strategy and a probabilistic retrieval model incorporating inter-document links. The main
findings are that the use of hypertext links makes retrieval more effective than strategies
without links. Specifically, manually constructed links, such as bibliographic citations, are
more effective than automatically constructed ones, such as the nearest neighbour links.
The authors stress the importance of implementation issues, as the use of hypertext links in
retrieval strategies requires additional computation resources to store and process links.

Savoy evaluates the effectiveness of inter-document links designed and implemented
on the grounds of three kinds of bibliographic citations, i.e., bibliographic references,
bibliographic coupling, and co-citations, as well as links based on nearest neighbour nodes
(Savoy 1997). Two test collections, i.e., CACM and CISI were employed (Fox 1983). The
former also included bibliographic citations between documents. The results confirmed
the findings made by Croft and Turtle (1993) and demonstrated that links based on biblio-
graphic citations are more effective than links based on nearest neighbours, as the former are
carefully inserted by the document authors. The effectiveness of bibliographic data depends
on the availability and organisation of references and citations. For example, Crestani and
Melucci (1998) conducted a case study on automatic authoring by transforming a textbook
into a hyper-textbook. A textbook, such as that used in (Crestani and Melucci 1998), is often
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full of bibliographic data though they consist of out-going citations, and few bibliographic
references are co-cited by the same text paragraphs. The same applies to journalistic articles.

The important lesson to be learnt from the work presented in (Savoy 1997) and (Croft
and Turtle 1993) is that man-made links (such as bibliography-based links), if available,
are more effective than, and are an “upper limit” to automatically made links. Therefore, it
is necessary to dedicate more research work on the evaluation of automatically constructed
links to understand whether they are effective enough whenever links made by a human
expert are absent, or in what proportion the effectiveness of automatic links is less than that
of manual links.

Another approach for evaluating the quality of a hypertext is based on the computation of
measures describing the hypertext topology. An example of such an approach is described
by Botafogo et al. (1992) to evaluate the “goodness” of a hypertext that is being manually
constructed by a human expert and based on hierarchical structures. The interest in hierar-
chical hypertext structures is based on the fact that they are considered as the most effective
means for avoiding disorientation due to too many jumps when navigating the hypertext.
The evaluation methodology is based on two items of information: (1) the indications given
to the author to recover lost hierarchies and define new ones, and (2) functions measuring
the compactness and stratum that are respectively the “intrinsic connectedness of the hyper-
text”, and “the degree with which the hypertext is organised so that certain nodes must be
read before others”. The incorporation of topology-based measures has also been proposed
by Furner et al. (1996). However, their aims are different from those reported in (Botafogo
et al. 1992), as they employ several graph theory results, such as adjacency, distance and
converted distance to compare the hypertexts produced by different authors.

Though the methodologies proposed in (Botafogo et al. 1992) and (Furner et al. 1996) are
designed for manually constructed hypertexts, they may be incorporated in any automatic
construction algorithm. Indeed, a topology-based routine may drive an automatic hypertext
construction prototype towards a “good” hypertext, where the degree of “goodness” is
expressed, for instance as measures being computed on adjacency matrices.

As mentioned above, Blustein et al. (1997) presents an evaluation method based on the
computation of numerical measures. In particular, the authors studied the correlation be-
tween the similarity function used to decide whether to insert a link between two documents
and the length of paths between documents, and formulated the following conclusions: (1)
similarity value and path length are inversely correlated, i.e., highly similar documents
are connected by short paths, and (2) correlation decreases as the number of out-going
links increases. This means that considering document nodes with a single out-degree leads
to sound, but incomplete hypertexts. On the contrary, nodes with several out-going links
generate complete, though imprecise hypertexts.

1.6. Methodologies and tools for automatic construction of hypertexts
for information retrieval

A methodology for automatic hypertext construction was proposed in (Agosti and Crestani
1993) and has been further implemented in a prototype system called Tachir (a Tool for
Automatic Construction of Hypertexts for Information Retrieval) (Agosti et al. 1996).
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Figure 1. The Explicit model.

Tachir employs IR techniques, such as term probabilistic weighting and similarity func-
tions, to automatically detect document-to-document and term-to-term links, as well as
links between documents and terms.

Tachir is based on a two-level conceptual HIR model called Explicit (Agosti et al. 1991),
depicted in figure 1, and represented in the three-level schema of figure 2, which stresses
the different types of nodes and links involved in the automatic construction process and
implemented by the architecture depicted in figure 3, where links between nodes are im-
plemented as ranked list of anchors. Ranking values are computed by using similarity
functions or index term weights. For example, a link between two documents is detected
through a similarity function, which determines the insertion of a link if the similarity value
exceeds a stated threshold. As relationships between documents are of the “many-to-many”
kind, links are implemented as lists of anchors, where an anchor corresponds to a similar
document and the list is associated to the starting document. Anchors are ranked by their
similarity function value. Similarly, links between terms and between documents and terms
are implemented by using term similarities and weights, respectively.

Tachir works as the unique author on the grounds of a conceptual schema given by the Ex-
plicit model and automatically builds links accordingly to the implementation architecture
of figure 3. In this way, hypertextconsistencyis guaranteed. The ranking list of anchors that
implement links between nodes helps supportsoundnessandcompleteness, as similarity
functions or index term weights enable threshold setting. The anchor lists also serve as
means for suggesting which are the most relevant document nodes or the most useful term
or concept nodes of the Explicit model. One of the greatest limitations of Tachir was the
difficulty in updating, as all newly inserted documents required a complete reconstruction
of the hypertext. A system called Ofahir (On-the-Fly Automatic authoring of Hypertexts
for IR), presented by Agosti et al. (1998), solved the problem of hypertextupdatingas the
basic data used to automatically build hypertexts are stored in an object-oriented database.
Any addition of documents only requires the construction of links starting from and ending
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Figure 2. The conceptual Tachir schema.

Figure 3. Hypertext implementation.
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at the new document, as well as the construction of links involving the indexing terms of the
new document. Querying and browsing are implemented on top of the same database. This
means that users may query the document collection and start browsing from the retrieved
documents by following the links between similar documents and related indexing terms.

1.7. Querying and browsing a hypertext for information retrieval

The main functions provided by a system implementing a hypertext for IR automatically
constructed by Tachir include browsing and, if the more recent Ofahir is used, querying as
well. Through the querying function, the system retrieves a set of document nodes storing
data with a semantic content that is relevant to a user’s information requests. The document
nodes are organised as a list ranked by a measure of relevance and presented to the end-user,
who may start browsing using the documents as entry points. The current implementation
employs a probabilistic IR model to rank retrieved documents. If a user was using a classical
IR system and the retrieval result was unsatisfactory, the system should offer two possible
alternatives, namely to modify the query manually by adding or removing terms, or to
perform a relevance feedback operation, if available.

Figure 4 represents the document space using the graphs proposed in (Salton and McGill
1983) to give an idea of documents, queries and their relationships. The measures of rele-
vance of documents with respect to a query are represented as arcs. The arc length is
inversely proportional to a retrieval status value. The query is the centre of a radius including
documents having a retrieval status value that exceeds a given threshold, and defined as a
“retrieval radius”. If the maximum number of nodes to be included within a radius is fixed,
the retrieval radius corresponds to the lowest retrieval status value. The graph on the left (A)
depicts a query and its corresponding retrieval radius. The one on the right (B) illustrates

Figure 4. The space of documents and queries.
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the query being modified after relevance assessments have been used to move it towards
relevant documents.

In general, unsatisfactory retrieval results are more a rule than an exception, especially
if no relevant documents are retrieved within the list that is presented by the system to
the end-user. A particular case of ineffective retrieval is one that occurs whenever short
queries are used, where the notion of “query length” may be empirically represented by
the number of query terms. The use of search engines running under Internet has given
highlighted the problem of short queries, i.e., queries being expressed with a number of
terms lower than the usual average number of query terms of test collections. In general,
the user of a search engine typically types a few words and asks the system to interpret
their meaning, often avoiding the mental effort of choosing the best terms to express his
or her information requirement. Most of the statistical retrieval techniques developed and
evaluated so far are based on long queries. Kwok (1996) stresses that the function provided
by long queries is twofold, namely they limit the search environment by reducing the
degree of ambiguity, and they provide an indication of how much a query term is important
in describing a topic of interest. The main drawback of short queries is that they make
discrimination between relevant and non-relevant documents more difficult than with longer
queries, as they are unable to limit the search space, and they provide poor statistical
indications regarding the importance of terms. Kwok (1996) proposes an automatic method
for estimating the importance of query terms as a means for making short queries more
document-discriminating. An alternative method would be based on browsing the space of
terms, if inter-term relationships were provided.

If the system is implemented on top of a HIR, users may take advantage of the browsing-
based functions offered. A hypertext like the one automatically constructed by Ofahir is
capable of supporting the user during retrieval whenever a query-based retrieval gives
unsatisfactory results. This may be done through browsing, which is the second function
provided by the hypertext system we are considering. The user marks a retrieved document
as relevant, and from that document he or she browses other “similar” ones. The purpose of
similar document browsing operations is to retrieve relevant and previously non-retrieved
documents by navigating the links that represent the relationship associations between
documents. The links being detected on the basis of document similarity functions and
browsed by the user may help increase retrieval effectiveness.

Figure 5 shows the difference between document browsing (B) and retrieval (A). Simi-
larity links between documents are represented as arcs between circles. The arc length is
inversely proportional to the strength of inter-document similarity. If we consider a docu-
ment from which browsing can take place, the set of all the equally similar documents
determines a circle of which the document in question is the centre. The dashed radius
represents the set of documents that are similar to the centre of the radius itself, this is
defined as the “similarity radius”. The smallest retrieval radius includes documents, say
first k out of the totaln retrieved having a higher retrieval status value than the threshold
represented by the radius. The largest retrieval radius includes then− k documents with a
lower retrieval status value than the firstk.

The effectiveness of document similarity link browsing may depend on the degree with
which the cluster hypothesis or clustering tendency characterises the actual document
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Figure 5. Document browsing vs. retrieval: Starting from centre and starting from boundary.

collection from which the hypertext has been built. If the relevant documents tend to be
uniformly “dispersed” throughout the document space, i.e., if the cluster hypothesis is
rejected, the effectiveness is likely to be poor, as few relevant documents will be linked
through similarity links to the one from which navigation has started. On the contrary,
browsing may be effective if relevant documents tend to be clustered together and sepa-
rated from non-relevant documents. Previous research work (Griffitths et al. 1986, Jardine
and van Rijsbergen 1971, van Rijsbergen and Croft 1975) regarding document clustering
extensively investigated such a relationship, even though within a classical IR environ-
ment without HIR browsing facilities. The relevance of this latter work to the previous
work on document clustering and cluster hypothesis is due to the common inter-document
similarity-based linking device that is at the basis of Tachir or Ofahir hypertexts.

The effectiveness of link ranking may be related to the degree with which high retrieval
status values correspond to high proportions of newly retrieved relevant documents. In other
words, ranking both retrieved and similar documents by using the retrieval status value and
similarity, respectively, is likely to have a direct impact on browsing effectiveness. The
underlying assumption is that the more a document is judged by the system as relevant to
the query, the higher the chance of finding other relevant documents that are similar to the
selected one. Therefore, the more a user selects the top-ranked retrieved documents from
which a browsing process starts, the higher the browsing effectiveness is expected to be.

2. Experiments

In this paper, the author presents the design and results of several experiments carried out to
evaluate a hypertext automatically built by Tachir or Ofahir according to the document level
of the conceptual architecture illustrated in figure 2. The main objective of the experiments
was to evaluate the effectiveness of integrating browsing and querying functions into such
an IR hypertext. The test hypotheses are listed below:
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— To evaluate whether inter-document similarity linkbrowsingwould lead to the retrieval
of more new, relevant documents than those that would be retrieved if a user chooses
to perform a query-based search;

— To evaluate ifrankingby a document similarity function is effective, i.e., if top-ranked
links are entry points for retrieving (by browsing) a higher number of relevant docu-
ments than the bottom-ranked links.

— As described in Section 1, the degree ofclustering tendencymay influence the effective-
ness of document similarity-based techniques. This suggests the necessity to evaluate
whether such tendency influences the effectiveness of searches based on document
similarity link browsing.

— An end-user may access an IR hypertext through querying, browsing, or both. Com-
bining querying and browsing techniques means that the end-user performs both query-
based and browsing-based retrievals. Therefore, another hypothesis to be tested is
whether thecombinationof querying and browsing functions helps improve the overall
retrieval performance with respect to querying alone.

— In Section 1, it was stressed thatshort queriescause a drop in retrieval performance.
This would require evaluation of whether short queries determine lower effectiveness
of both querying and browsing retrieval, and if browsing can help improve querying
results by providing effective entry points to non-retrieved material.

2.1. Experimental methodology

The mechanisms underlying the process of browsing hypertext links are fairly complex to
describe. This complexity is due to the intrinsic interactive nature of hypertexts, that is to
the presence of a human user that makes the modelling of a browsing process very difficult
to formalise and simulate. One needs to control the variables of interest and isolate the
external factors, such as the user-hypertext interface. This requirement can hardly be met if
tests are performed with the users’ involvement, for which one should implement a working
prototype to perform an evaluation with real searchers. In particular, an appropriate user
interface would need to be designed and implemented which could make the interface itself
a determining factor in the final results. Blustein et al. (1997) also point out that “it is not
always practical to evaluate hypertexts with real readers because the documents are often
too complex for people to explore fully and objectively”.

The experiments were carried out in a laboratory environment and without the partici-
pation of real searchers. In order to make results reproducible, several programs simulated
simple browsing paths and computed a number of performance measures with different
test collections. This experimental design choice was determined by the need to test the
basic algorithms for the automatic hypertext construction algorithms at the current stage of
development, as they constitute the engine of Tachir and Ofahir. The results regarding the
effectiveness would provide useful data for modifying the hypertext architecture and the
automatic construction methodology accordingly.

The evaluation presented in this work attempts to take into account the fact that a hy-
pertext is mainly used for browsing, although the tests are performed within a laboratory
environment and without real searchers. Due to the complexity of modelling all the possible
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browsing processes, it was necessary to identify a short browsing path that could be per-
formed by a generic user to retrieve information. The identified path was the basic element
of more complex paths consisting of the combination of many other short ones. Therefore,
the effectiveness of short browsing paths were evaluated to extend the results to more com-
plex browsing processes. Moreover, the experiment concentrated on the first level of the
architecture, i.e., the document level, to isolate the variables influencing the effectiveness of
browsing through document similarity-based links and control the complexity of studying
the factors related to the other hypertext levels together.

2.2. Search tactics and tests

The experiments involved the comparison of threesearch tacticsthe user exploits when
using a hypertext:

1. Linearsearch tactic: the user submits a query and browses all then retrieved documents
presented within the initially ranked list. The following tests were performed to evaluate
the linear search tactic:

— a baseline test without relevance data,
— a relevance feedback test with relevance data collected from the firstk= n/2 docu-

ments retrieved through the baseline search. For each query, index weights were
modified by considering the relevant documents within the firstk ones.

2. Hypertextsearch tactic: the user performs a linear search without activating relevance
feedback, and stops browsing after having seenk documents; a document is then selected
and a new browsing process is started to retrievek additional similar documents.

3. Combinedsearch tactic: the user performs a linear search tactic and examines all then
retrieved documents. The user then returns back to the firstk documents and starts a
hypertext search tactic to retrieven similar documents.

The purpose of comparing these search tactics is to evaluate the search alternatives a
user may choose within a hypertext IR environment. Indeed, the user may sequentially
browse the entire list of retrieved documents, as the linear search tactic would simulate,
or alternatively navigate the hypertext using links, as the hypertext search tactic would
simulate. The combined search tactic would simulate a user performing a search procedure
consisting of both tactics.

With a linear search tactic, the user would be able to retrieve as many relevant documents
as there are in then-documents list. With the second tactic, the user retrieves the relevant
documents found in the first half of thek-documents list and then the relevant documents
found during the subsequent browsing processes. The first half of the document list reached
through browsing is scanned in place of the second half of the initial document list. The
total number of examined documents is then the same, but in the second tactic the user
follows the hypertext links instead of examining the whole initial document list. With the
combined search tactic, the user exploits both methods to retrieve relevant documents by
examiningn+n documents. In terms of the number of documents examined, the combined
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search tactic would be more time-consuming than performing either a linear or hypertext
search tactic, though more effective.

This experimental study differs from past investigations on Cluster hypothesis and on
cluster-based searching, because the non-query-based search tactics being tested, whether
hypertext-based or combined, have been designed to evaluate browsing. The experiments
regarding the combined search tactic would actually give some insights about the contribu-
tion of browsing to querying results.

2.3. The selection of entry points for browsing

The experiments intended to simulate a user scanning the list of retrieved documents and
marking a number of documents considered as candidate entry points for browsing. The
collection of relevance assessments is illustrated in figure 6 and described below.

1. The first half list (A) of k retrieved documents is divided intoh groups ofk/h documents
each.A is scanned and one document is selected per each group by markingh documents
as entry points in total. Either the top-ranked relevant document, if any, or the top-ranked
document of each group is selected as the entry point.

Figure 6. Merging the browsing-path-based retrieval results to the query-based retrieval results.
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2. A similarity-based link is created from each selected document to connect a list of
n similar documents. Each list of similar documents is ranked by the corresponding
similarity measure. These lists are not merged, but are alternative to each other, and
thereforeh alternative lists of similar documents are created during the experiments for
each marked document respectively.

3. With the hypertext search disabled, thek most similar documents (B) replace thek
bottom-ranked documents retrieved beforehand. Therefore, a new ranked retrieved
document list is created as a result of the concatenation ofAandB. The new concatenated
and the initial lists are then compared to check whether and to what extent the quantity
of relevant similar documents differ from each other. With the combined search tactic,
B does not replace, but rather is examined after the retrieved documents inA.

In the experiments reported in this paper,n, andh are set to 40 and 4, respectively. Each
group consists of 5 documents. The author chose low values forn andh, as the aim of this
experiment was to simulate a hypertext IR system that presents users with a list of items that
is short enough to be displayed on a screen. Greater values would be unrealistic, as more than
a few dozens of links cannot fit on a screen, or may be of little use to the searcher. Setting
these low values would stress the importance of retrieving as many relevant documents
as possible from several small fractions of documents linked through similarity-based and
automatically constructed links.

2.4. Test collections

As no ad-hoc test collections for HIR evaluation were available, classical test collections
had to be used. Six test collections were employed to carry out the experiments and are
described in Table 1.1 The size of the chosen collections is of different orders of magnitude.
In particular, the 1987 Ohsumed collection, which is a part of the complete Ohsumed set
(Hersh et al. 1994) is the largest used data set and the Medline is the smallest one.

Each collection was automatically indexed by describing each document as a binary
vector of index terms. Each index termi was weighted according to the probabilistic

Table 1. Collection details.

Collection

Parameter Ohsu NPL CACM CISI CRAN Med

Documents 54710 11429 3204 1460 1400 1033

Queries 106 93 64 112 225 30

Relevant documents per query 7.45 22.43 12.48 27.83 8.18 23.30

Queries with no relevant documents 9 0 12 36 0 0

Index terms per document 53.13 18.58 21.83 47.61 52.60 51.84

Index terms per query 6.84 6.92 9.23 28.80 9.07 10.63

Index term density test .0012 .0025 .0043 .0036 .0131 .0061
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weighting schemefi j (log pi /(1 − pi ) − logqi /(1 − qi )) where fi j is the frequency of
term i in documentj , pi = (ri + 0.5)/(R+ 1), qi = (ni − ri + 0.5)/(N − R+ 1), ni

is the number of documents indexed by termi out of the totalN documents, andri is
the frequency of termi within the R relevant documents that had been marked during a
relevance feedback process. If no relevant documents were marked,R = ri = 0 for each
term i (van Rijsbergen 1979, Croft and Harper 1979, Robertson and Sparck Jones 1976).
Queries were automatically indexed as well, and binary weights were assigned to query
terms.

2.5. Short queries

In Section 1, it was pointed out that the most common form of interaction between a user and
an IR system (such as a Web search engine), is performed by using rather short queries. One
question this paper intends to investigate is whether the use of a hypertext search tactic is an
effective means for improving retrieval effectiveness in this particular kind of situation. To
test this hypothesis, the author performed several tests by reducing queries of the employed
test collections before executing the tests again. The reduced set of query index terms would
describe a query from which some of the index terms were excluded by the user from his or
her own first formulation. The reduced query would then represent the same information
request, but in a more imprecise and incomplete manner. Query reduction was performed
on the set of index terms describing the query, and therefore any original non-index terms,
such as stop-words, were excluded from the reduction process. Query reduction was made
so that a few keywords would always be present. The reduced set of query keywords would
thus correspond to the indexed version of a real short query. In order to test the impact of
different average query lengths on effectiveness, the author considered three percentages of
reduction: 10, 50 and 80%. Query reduction was performed by “randomly” removing the
given percentage of index terms. The term “randomly” refers to the fact that index terms
were randomly selected and removed from the set of terms describing the query.

2.6. Measures

Retrieval effectiveness was measured through the classical recall and precision ratios com-
puted for eight groups of five retrieved documents, i.e., after retrieval of groups of 5, 10,
15, 20, 25, 30, 35, and 40 documents. Recall and precision ratios were computed for each
query and averaged over the total number of queries. As the hypertext search tactic is al-
ternative to a linear search, the recall and precision values computed at 5, 10, 15, and 20
documents retrieved through browsing were indirectly compared to the values computed
at 25, 30, 35, and 40 documents retrieved through the initial query. More specifically,
recall and precision were computed for theA+ B concatenated list and compared to the
ones computed for the whole retrieved document list of whichA was the first half. These
computations were made to compare the effectiveness of the sequential scanning of all
retrieved documents to the effectiveness of the hypertext navigation of links between the
top-ranked retrieved documents and the most similar browsed documents. TheF-measure
(van Rijsbergen 1979) was computed to summarise the retrieval performance measured by
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recall and precision. TheF-measure was expressed asF = 1/(αP−1+ (1−α)R−1)where
P stands for precision, andR stands for recall. The weight given to precision and to recall
in contributing toF-measure is represented byα. The higher theα, the more the precision
is important in theF-measure. For the combined search tactic, the quantity of relevant
documents retrieved from the concatenated document list was computed as a percentage,
but not from the entire previously retrieved document list of whichA is the first half.

In query-based search strategies, a user would retrieve as many relevant documents as
possible by limiting the proportion of non-relevant documents. Therefore, the ideal result
would be achieved if recall and precision are maximised. Through relevance feedback or
query expansion, if earlier retrieval results are unsatisfactory (Efthimiadis 1996), yet the
degree of interaction is lower than offered by HIR, then it would be possible to increase
recall and precision. In browsing-based search strategies, users navigate the document
environment to retrieve relevant documents by following the inter-connecting links. The
proportion of relevant documents that are retrieved changes as navigation proceeds. Once
the user reaches a list of document links, he or she can judge them for their relevance,
and if no relevant documents are found, he or she can carry on searching by selecting
several documents as entry points to browse the list of links to other similar documents. It
is therefore important that the retrieved list includes as many links to relevant documents
as possible, as a relevant document is likely to direct the user further to additional relevant
ones. Precision should therefore be as high as possible at the level of individual navigation
steps. On the other hand, recall can be increased by navigating the document space, as links
may help the user to retrieve additional relevant documents. It is therefore assumed that the
precision of hypertext search tactics at individual navigation step level is more important
than recall. In the experiments, the author consequently setα = 0.67. Therefore precision
was assigned a weight double that of recall.

Indexing term density measure was computed for each collection to estimate its clustering
tendency. Indexing term density measures the degree of sparseness of the co-occurrence
matrix without using relevance information, as described by Willett (1988), together with
other clustering tendency measures. This test is given by the total number of postings divided
by the product of the number of documents and the number of indexing terms. This measure
was adopted to estimate the clustering tendency, as it does not require the knowledge of
relevance data, as the overlap test does (van Rijsbergen 1979); nor does it require the
computation of similarity values, as the nearest neighbour test does (Voorhees 1985). As
suggested by Willett (1988), “term density was found to correlate best with the effectiveness
of cluster searching”. As cluster searching is based on inter-document similarities, as in the
non-linear search tactics, the Author preferred to use the indexing term density test. High
density test values would indicate that inter-document similarity-based searches are likely
to produce useful results.

2.7. Results

Experimental results regarding the three search tactics for all the test collections and com-
plete queries are reported in Table 2. The Table is divided into three parts to present the
results for each search strategy. The cells of the first and second parts reportF-measures.
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Table 2. Experiment results with complete queries.

Collection

Search tactic Ohsu NPL CACM CISI CRAN Med

Linear search

Baseline .155 .208 .173 .159 .269 .483

RF .167 .211 .203 .137 .276 .542

Hypertext search

after 5 docs. .159 .204 .178 .158 .273 .504

after 10 docs. .155 .205 .172 .155 .266 .495

after 15 docs. .150 .203 .172 .155 .266 .490

after 20 docs. .150 .203 .171 .153 .266 .483

Combination

after 5 docs. 10.1% 5.5% 7.6% 4.8% 8.9% 14.0%

after 10 docs. 5.2% 6.1% 6.8% 4.9% 6.3% 11.2%

after 15 docs. 3.1% 5.9% 6.9% 4.8% 5.9% 12.6%

after 20 docs. 3.2% 5.3% 7.3% 3.2% 5.9% 11.2%

The reportedF-measures are the average of theF-measures computed after 5, 10, 15, 20,
25, 30, 35 and 40 retrieved documents. The first part concerns the linear search tactic and
reports the results of the three tests: the baseline and the relevance feedback test. The
second part represents the hypertext search tactic and reports the results classified for four
different browsing entry points. The phrase “afterm docs.” means that the entry point
was chosen between the(m − k/h)-th and themth retrieved document. The third part
refers to the combination of linear and hypertext search tactics and reports the percentage
of relevant documents retrieved within the similar documents using the hypertext search
tactic, though they were non-retrieved among the documents using the linear search tactic.
That percentage measures the increase in the quantity of relevant material that a user is able
to retrieve if a combined search tactic is chosen rather than a linear search tactic alone.

With respect to the list of hypotheses listed at the beginning of Section 2, the following
conclusions may be drawn:

— The results of linear and hypertext search tactics show that, in the case of complete
queries, document similarity-based linkbrowsingleads to the retrieval of less relevant
documents than those retrieved if users choose to perform a linear-based search. In
particular, a linear search based on relevance feedback, which is performed on the first
20 documents, is more effective than the hypertext search tactic, except for the CISI
collection.

— The results of hypertext search tactics show that linkrankinghas little impact on retrieval
effectiveness. The reasons for this may be the low number of retrieved documents and
the small size of the retrieved document list from which the browsing entry points are
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selected. It is likely that the top-ranked documents, whether relevant or non-relevant,
are in most cases equivalent entry points for hypertext searching.

— Test results referring to non-linear search tactics, whether hypertext or combined, would
indicate that theclustering tendencyonly partially influences retrieval effectiveness. If
the differences between the baseline result and the hypertext search result are computed
as percentages, it may be possible to observe that the relationship between the term
density test and the usefulness of browsing inter-document similarity-based links is
confirmed for the Med collection. However, the 1987 Ohsumed collection shows a
positive difference, corresponding to a low term density.

— The results of the search tactic based on thecombinationof linear and hypertext search
tactics show that significant improvement is obtained. For example, the quantity of rele-
vant documents retrieved from the 1987 Ohsumed collection by following a link starting
from the first 5 retrieved documents amounts to 10.6% of the total set of relevant docu-
ments. The latter results indicate that similarity-based link browsing leads to a different
set of relevant documents than by querying, even though that set is smaller than the one
retrieved through a linear search. The results are consistent with the findings reported
in (Griffitths et al. 1986) regarding document clustering, where the combination of the
nearest neighbour-based clusters and linear search techniques is suggested.

The two highest percentages of new relevant documents retrieved through the com-
bined search tactic correspond to the two highest term density values. This result would
indicate that the possibility of linking documents according to their similarity yields
useful results. However, the Ohsumed collection shows an opposite result, though only
partially, as the low term density value corresponds to an increase of effectiveness in
using top-ranked documents as browsing entry points.

— Tables 3–5 report the experimental results carried out after thequery reductionby 10,
50 and 80%, respectively. The order of magnitude of the reported values decreases
as the percentage of reduction increases. The results regarding the hypertext and the
combined search tactic are directly related to the results of the linear search tactic. This
means that as linear search effectiveness decreases, so does the performance of hypertext
search operations through document links. This relationship suggests that the additional
effectiveness provided by a hypertext search tactic, such as the one described in this
paper, depends on the effectiveness of the linear search result from which browsing
starts.

The difference between hypertext search tactic effectiveness and linear search tactic
effectiveness increases with greater query reduction factors. This means that hypertext
search tactics may be of help in reducing the loss of effectiveness in “short query”
situations. The fact that there is still an increase in the number of additional relevant
documents after having performed a combined search initiated from the “poor” result
provided by a short query indicates that browsing may be able to compensate for the
loss of effectiveness. Therefore, the combination of querying and browsing tactics
can be justified and suggested. However, it must be noted that the very low level of
performance obtained by using very short queries may be improved by adopting other
alternative term weighting schemes, such as those reported in (Kwok 1996).
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Table 3. Experiment results with queries being shortened by 10%.

Collection

Search tactic Ohsu NPL CACM CISI CRAN Med

Linear search

Baseline .147 .205 .171 .148 .264 .487

RF .161 .213 .203 .126 .272 .571

Hypertext search

after 5 docs. .151 .202 .178 .148 .268 .509

after 10 docs. .147 .204 .169 .147 .262 .510

after 15 docs. .142 .199 .170 .144 .263 .492

after 20 docs. .142 .199 .173 .145 .261 .491

Combination

after 5 docs. 10.6% 5.6% 8.9% 4.8% 9.3% 14.6%

after 10 docs. 5.0% 6.9% 6.1% 5.1% 6.8% 13.6%

after 15 docs. 4.0% 6.7% 7.9% 4.2% 6.6% 12.9%

after 20 docs. 3.5% 4.9% 6.8% 3.5% 6.8% 11.6%

Table 4. Experiment results with queries being shortened by 50%.

Collection

Search tactic Ohsu NPL CACM CISI CRAN Med

Linear search

Baseline .053 .110 .136 .098 .188 .377

RF .058 .111 .157 .079 .188 .455

Hypertext search

after 5 docs. .055 .114 .138 .101 .196 .403

after 10 docs. .056 .111 .135 .100 .190 .397

after 15 docs. .055 .108 .131 .097 .189 .405

after 20 docs. .054 .107 .132 .098 .185 .395

Combination

after 5 docs. 5.1% 5.0% 4.2% 3.2% 13.4% 17.0%

after 10 docs. 6.1% 7.9% 4.0% 3.7% 10.1% 16.1%

after 15 docs. 3.7% 5.3% 5.0% 3.7% 9.2% 11.6%

after 20 docs. 3.2% 4.4% 7.1% 4.3% t6.4% 13.6%
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Table 5. Experiment results with queries being shortened by 80%.

Collection

Search tactic Ohsu NPL CACM CISI CRAN Med

Linear search

Baseline .024 .054 .060 .040 .118 .210

RF .006 .053 .060 .034 .118 .238

Hypertext search

after 5 docs. .027 .057 .057 .041 .128 .241

after 10 docs. .024 .058 .060 .041 .121 .235

after 15 docs. .020 .055 .062 .044 .120 .235

after 20 docs. .021 .054 .058 .041 .116 .234

Combination

after 5 docs. 4.1% 5.7% 3.9% 3.8% 15.1% 16.7%

after 10 docs. 4.7% 6.9% 2.7% 3.7% 9.4% 16.6%

after 15 docs. 4.9% 4.9% 5.4% 3.1% 8.7% 10.7%

after 20 docs. 2.9% 3.8% 6.0% 4.0% 8.0% 15.7%

3. Conclusions

The use of IR techniques (and specifically of statistical and probabilistic techniques) to
automatically construct links between documents, such as those underlying Tachir, may
prove to be in principle an effective and necessary means for automatic construction of
hypertexts, as they enable the fast production of these networks to be used as support for
retrieval through browsing. Their properties are indeed known well enough to understand
when and whether they work. However, the experimental results discussed in this paper
would indicate that IR techniques are inadequate for building effective hypertexts that are
supposed to retrieve documents using the links existing between them.

The use of inter-document similarity-based links to search relevant information by us-
ing automatically constructed hypertexts has been shown to provide little difference from
query-based searches. However, browsing these links helps to retrieve additional relevant
documents previously not retrieved by a query-based search. This would suggest that a
combination of search tactics is advisable.

It is likely that hypertext browsing, together with querying and relevance feedback, may
lead to a significant improvement in retrieval effectiveness. This integration of techniques
becomes more and more essential as the performance of query-based retrieval decreases.
Further research efforts are therefore needed in this direction. A multi-level hypertext, such
as the one illustrated in figure 2, may be more effective thanks to it greater richness of link
and node types.

The experiments presented in this paper are to be intended as complementary, rather than
alternative to those we could carry out with real searchers. The design and implementation
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of tests based on the employment of real searchers would be necessary to fully evaluate an
interactive system such as the one based on an automatically constructed hypertext.
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Note

1. “Ohsu” stands for the 1987 Ohsumed collection.
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