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Conventional keyword-based information retrieval techniques, which are currently
used for a number of search engines in the Internet, still find it difficult to reject
noisy documents. Consequently users usually end up with browsing unreasonably
enormous amount of retrieved documents. This problem is especially salient when
users have vague requirements, such as “simply wants to know about something”.
To resolve this problem, we target users who have explicit purposes for information
usage. To realize this notion, we use query verbs as strong clues for user information
usage and retrieve documents containing verbs associated with those usage types.
Our preliminary experiments showed that our system outperformed keyword-based
baseline systems.



1 Introduction

Given the growing number of machine-readable
documents accessible via computer networks (the
Internet, for example), information retrieval (IR)
is a crucial task to provide information precisely
related to user requirements. Existing informa-
tion retrieval systems, most of which can be cat-
egorized into statistical approaches (4, 15], retrieve
documents associated with words contained in user
queries, and sort retrieved documents in descend-
ing order based on their importance degree!. How-
ever, most IR systems still find it difficult to
exclude noisy (irrelevant) documents, and conse-
quently users end up with browsing unreasonably
enormous amount of retrieved documents. For one
thing, most users cannot computationally formu-
late their real interests (motivations), and there-
fore they usually use a small number of simple key
words as a query. Let us take a user who wants
to buy a computer, as an example. This user may
use the term computer as a query, and an IR sys-
tem provides any information associated with com-
puter. In fact, one can access more than 26 million
documents containing the term computer, via the
“Altavista” (keyword-based) search engine? on the
Internet. This example suggests that we need to
improve the precision of IR systems by enhancing
user queries.

One solution would be “cognitive approaches”,
which model user interests into well-formulated
queries prior to the retrieval process [3, 14]. These
approaches are expected to be effective especially
when a user has a vague motivation, i.e. -simply
wants to know about something.

On the other hand, user motivations can be well-
represented by even simple natural language, given
an explicit purpose for information usage. Here-
after we shall call this purpose “utility”. This is
exactly the case where we aim at in this paper. Let
us reconsider the previous example, that is, a user
who “wants to buy a computer”. In this exam-
ple, the term buy can be a strong clue along with
computer. Given these clues, one may easily notice
that relevant documents should be associated with
the commercial of computers, not. lecture of com-
puter science technology. However, since no docu-
ment for a computer sale literally contains “want
computer(s)”, we need to formulate the appropri-
ate query. Intuitively speaking, we transform the
query “want computer(s)” into “sell computer(s)”
or “produce computer(s)”, using a predefined verb

IIp practice, documents with diminished importance can
optionally be discarded from retrieval results.
2http://www.altavista.digital.com/

dictionary [8]. By this, irrelevant documents are ex-
pected to be excluded from candidate documents,
and thus the user can gain precise information.

Our system can also be characterized with the
introduction of natural language processing (NLP)
techniques, that is, morphological/syntactic anal-
yses on both queries and documents.  Unlike
English, for a number of languages including
Japanese, lexical segmentation is poignant along
with part-of-speech tagging. Besides this, syn-
tactic analysis is required to identify predicate-
argument structures, such as between want(verb)
and computer(accusative case noun). It should be
noted that while our current implementation is tar-
geting Japanese IR systems, our notion, namely
‘utility-based’ approach, is expected to be generally
applicable to other languages.

Section 2 describes the design of our utility-based
IR system, and Section 3 elaborates on our retrieval
algorithm. In Section 4, we evaluate the effectivity
of our system3. Before conclusion, we discuss future
direction in Section 5.

2 Overall Design

Figure 1 depicts the overall design of our ‘utility-
based’ information retrieval (UBIR) system, in
which “database” refers to a document collection.
Let us briefly explain the retrieval process based on
this figure. First, “parser” conducts on morphologi-
cal and syntactic analyses on sentences contained in
the database. In the case of Japanese, morphologi-
cal analysis involves lexical segmentation and part-
of-speech tagging. Then, syntactic analysis identi-
fies original forms of conjugated verbs and syntactic
relations, amongst whom predicate-argument struc-
tures are extracted by “pred-arg extractor”. To
sum up, the database is compiled into “analyzed
database” prior to the retrieval process. Thereafter,
given a query comprising a simple natural language
sentence, the parser and pred-arg extractor extract
a predicate-argument structure (“pred-arg”) from
the query, as performed on the database sentence.

Although a number of Japanese parsers (morpho-
logical /syntactic analyzers, such as QJP (7] and
KNP [10)) are proposed, we developed another
parser from scratch because existing parsers do
not necessarily target the application to IR sys-
tems. For example, inappropriate definition of lex-
ical units (e.g. compound nouns) potentially de-

3We used BMIR-J2, a test collection for evaluation of
information retrieval systems, based on the Mainichi Shim-
bun CD-ROM’94 data collection. BMIR-J2 was constructed
by the SIG Database Systems of the Information Process-
ing Society of Japan, in collaboration with the Real World
Computing Partnership.



grades the performance of IR systems. However,
our parsing methodology is beyond the scope of this
paper and we do not further discuss this issue here.

Finally, “IR engine” retrieves relevant documents
from the analyzed database, by the use of “the-
saurus” and “verb dictionary”. We use the the-
saurus to expand query terms. Note that while
we developed a thesaurus targeting our UBIR sys-
tem, a number of machine-readable thesauri (such
as Roget’s thesaurus [2] or WordNet [12] in the case
of English, and Bunruigoihyo [13] or EDR [6] in
the case of Japanese) are fundamentally applica-
ble. The verb dictionary lists verbs used for typical
information requirements, and more than one verb
associated with each corresponding requirement. In
the case of the query example above (“want to buy
computer”), the dictionary provides verbs, such as
“to sell” and “to produce” for the query verb “to

Figure 1: The overall design of the utility-based IR
system

3 Retrieval Algorithm

In this section, we elaborate on our algorithm fo-
cusing mainly on the portion enclosed within the
dashed region of Figure 1.

Let us take a Japanese query “BLEIZSR 7:\»
(eiga ga mitai; want to see a movie)” as an ex-
ample, to illustrate our retrieval algorithm. First
(subsequently the parsing process), we extract the
predicate-argument structure(s) from the parsing
result of the query. Figure 2 shows the parsing re-
sult for the example query, in which each line corre-
sponds to lexical units (morphemes). The first col-
umn denotes the IDs of each morpheme. The first
and second columns show the syntactic dependen-

cies between corresponding morphemes. The third

column denotes Japanese morphemes (the Roman-
ized characters and typical English translations are
given in parentheses), and the fourth column de-
notes their parts-of-speech. Note that in the case

of the example query comprising a simple sentence,
the extraction of a predicate-argument structure is
trivial. However, in order to accept longer queries
comprising complex sentences, both parsing and
pred-arg extraction are crucial.

Second, we expand the noun “BtHE (eiga; movie)”
by way of the thesaurus, as performed in so-called
“query expansion” technique. In this case, one may
notice that the thesaurus provides similar words to
mouvte, such as film or cinema, and movie titles
available in the database?.

Third, we use the verb dictionary to transform
verbs contained in the query. The verb dictionary
lists (a) verbs used for utility-based queries, and
(b) more than one verb associated with each cor-
responding query verbs, as shown in Figure 3. For
example, the verb “R 72\ (mitai; want to see)”
in the above query derives verbs like “AABH$ %
(koukaisuru; to release)” and “EBLY % (joueisuru;
to run)”.

Finally, we formulate new query using any pos-
sible combination between expanded nouns and
transformed verbs (resulting from the previous pro-
cesses), and retrieve documents from the analyzed
database. In practice, we have two choices for this
purpose: whether or not to contain postpositions in
the query. On the one hand, postpositions, which
specifies case role of nouns, are expected to reject ir-.
relevant documents, and thus attribute to the high
precision. On the other hand, as with most NLP
systems, this approach can be fragile and poten-
tially sacrifice the recall. We currently employ the
second technique, that is, queries are in the form
of “verb & noun”, without postpositions (We will
further discuss this dilemma in Section 4.2).

4 Evaluation

4.1 Experimentation

To evaluate the effectivity of our UBIR system,
we used the Japanese benchmark collection BMIR-
J2 [9]. This collection consists of 60 queries and
5080 articles (economics and engineering fields) col-
lected from “Mainichi Shimbun” newspaper [11]°.
Each query corresponds to the 5080 articles, based
on one of three ranks of relevance, i.e. topically
relevant (rank A), partially relevant (rank B) and

“irrelevant (rank C).

4Since automatic identification of movie titles is currently
difficult, we manually collected them from the database..
This issue needs to be further explored.

S5Practically ‘speaking, the BMIR-J2 collection provides
only article IDs, which corresponds to articles in Mainichi
Shimbun newspaper CD-ROM’94. Users must get a copy of
the CD-ROM themselves.



1. 2 WHE (eiga; movie) noun
2 3 7 (ga) postposition
3 - R72\ (mitei; want to see) verb

" Figure 2: Parsing result for the query “want to see a movie”

A

Wxs 5, T @ity A
(kaitai; want to buy) (hanbaisuru; to sell) (shouhinkasuru; to commercialize)
K1 1%E% EEREEY T EETD
(shuushokushitai; want to enter) | (saiyousury; to employ) (boshusuru; to recruit)
TRw KT 5, A
(mitai; want to see) (koukaisuru; to release)  (joueisuru; to run)

Figure 3: A fragment of the verb dictionary

Our evaluation methodology proceeds as below.
First, we produced new queries because the BMIR-
J2 collection does not contain queries which liter-
ally represent the user utility. For this, we manu-
ally searched the original 60 queries for those po-
tentially applicable to our evaluation. Then, we
enhanced main verbs to identified queries referring
to the relevant articles defined in the BMIR-J2 col-
lection. For example; we modify the query “wants
to know about movies” to “wants to see a movie”
when relevant articles are mostly associated with
newly released movies. As a result, we produced
five queries as shown in Table 1. For the sake of en-
hanced readability, we list the English translations
only. for main verbs and accusative case nouns in
the column of “query”, from which one may notice
that each of 5 verbs represents the purpose for the
information usage.

Second, we identified relevant articles for each
new query. To do this, we investigated only
(topically /partially) relevant articles defined in the
BMIR-J2 collection, because (a) browsing whole
5080 articles is an overwhelming task, and (b) our
preliminary observation showed that the original
rank C articles can virtually be judged irrelevant
for our evaluation as well. In Table 1, the column
of “4relevant” denotes the number of the BMIR-J2
A/B articles identified relevant for the new queries.

Finally, we compared our system with base-
line systems in terms of the conventional preci-
sion/recall trade-off. As with most experiments for
IR systems, we defined precision and recall as in
Equation 1.

# of relevant articles retrieved
# of retrieved articles

precision

Il

# of relevant articles retrieved
# of relevant articles
(1

recall

The baseline systems used in this experiment
systematically retrieve articles defined “(topi-
cally/partially) relevant” in the BMIR-J2 collec-
tion, for each query. Practically speaking, the one
system retrieves only rank A articles, while the
other retrieves both A and B articles. According
to the BMIR-J2 policy, (a) each query has to be
the central theme in rank A articles, and (b) each
query is partially associated with rank B articles.
In other words, the first baseline system, in a way,
simulates an intelligent IR system combined with
thematic analysis, while the second baseline system
uses a simple keyword matching technique. In Ta-
ble 1, the column of “precision/recall” denotes the
performance of three different systems (two baseline
systems and the UBIR system), from which one can
see that the UBIR system is superior to the base-
line systems for any query. In addition, the UBIR
system drastically improved on the precision of the
baseline systems, sustaining the recall: only irrele-
vant articles can be successfully excluded by way of
our methodology.

4.2 Error Analysis

The evaluation in Section 4.1 showed the effectiv-
ity of our UBIR system. However, the performance
was still relatively unsatisfactory for Q3 and Qg (see
Table 1, for detail), in which our system retrieved
an irrelevant article which contains the following
sentence:

KED BB OWTHAZ T 5.
beikoku-wa genzei-nitsuite nihon-wo hihan-suru.
~ (The U.S. criticizes Japan for the reduction of tax.)

In this sentence, “B A (nihon; Japan)” and “H#t¥§

1)

" % (hihan-suru; to criticize)” represents the phrase

criticizes Japan. In fact, the article containing sen-
tence (1) focuses on the attitude of the Japanese



Table 1: Five queries used and precision/recall of different systems

query #relevant precision/recall (%)
verb ] noun AT B only A | A+B | UBIR
Q1 enter big 3 Japanese airplane companies 1 0 5.56/100 | 3.45/100 | 100/100
Q2 buy LCD 3 0 44.4/100 | 18.2/100 | 100/100
Qs criticize | reduction of tax . 3 2 12.5/60.0 | 1.66/100 | 75.0/60.0
Q4 criticize | reduction of consumption tax 3 1 19.0/75.0 | 2.47/100.{ 66.7/50.0
Qs see movie 1 | 0 | 14.3/100 | 4.76/100 | 100/100-
[average || — ] — s

government, not the reduction of tax. However, this
article was considered relevant because (a) our sys-
tem does not rely on case information, and (b) “¥&#i
(genzei; reduction of tax)” and “B#t¥|5 % (hihan-
suruy; to criticize)” in sentence (1) correspond to
query terms, i.e. reduction of taz and criticize,
respectively. One may argue that introduction of
case information is expected to resolve this prob-
lem. On the other hand, this requires us a num-
ber of additional considerations. For example, in
Japanese, case markers can be omitted or topical-
ized (i.e. marked with postposition wa), an issue
which our framework does not currently consider.
In addition, relative clauses, where the surface case
markers of the head noun is omitted, pose a simi-
lar problem. To resolve this problem, the analysis of
deeper case level (not surface level) is needed, which
still remains as a difficult issue in NLP research.

5 Future Direction

In this section, let us discuss future direction.

First, since information retrieval is never one-
"pass process, we need to facilitate the iterative re-
trieval, as performed in “relevance feedback” [4]
and “pseudo-relevance feedback” [1]. The basic
idea of the relevance feedback is to enhance query
terms based on documents judged relevant by users.
While the relevance feedback method requires user
intervention, the pseudo-relevance feedback method
automatically enhances queries based on documents
ranked with great relevance degree in the previous
retrieval. We note that these concepts can be com-
bined with our framework. One possible implemen-
tation would be to enhance entries in the verb dic-
tionary, based on top-ranked documents. It should
be noted that iterative IR systems require different
evaluation criteria, along with the precision/recall
trade-off. One effective criterion is to compare the
time taken to retrieve desired documents [16].

Second, we note that the structure of “analyzed
database” (see Figure 1), which is currently merely
a set of parsed sentence, is needed to be more so-

phisticated. Ikeda et al. [5] proposed a method to*

to classify documents based on 5W1H (who, when,

[ 0.8 ][ 11.6/78.6 | 2.80/100 | 83.3/71.4 |

where, when, why and how) information, aiming at
Japanese text navigation. This method is expected
to facilitate easier information access in conjunc-

“tion with our system, because documents targeted

in our system (such as those about newly released
products and movies) can be generally categorized
based on the 5W1H axes.

Finally, while we used five queries and 5080 arti-
cles in our experimentation (see Section 4.1), larger-
sized test collections (especially a larger-sized query-
set) are invaluable for the further evaluation. Exist-
ing methods to built test collections can be classi-
fied into the following three approaches. In the first
approach, queries and documents are collected in-
dependently, and then human experts determine rel-
evant documents for each query (Sheridan et al. [16)]
called this the “naive method”). As can be imag-
ined, the naive method is generally time-consuming
to built large-sized test collections®. To counter this
problem, in the pooling method, a number of dif-
ferent IR systems pool retrieval results for each pre-
defined query. Consequently, the number of doc-
uments to be investigated is expected to be re-
duced. However, this method is not reasonable
for our purpose because there is few utility-based
IR systems exist, to the best of our krowledge.
Sheridan et al. [16] recently proposed namely the
“seeding method” as the third approach. In this
method, they first select documents which is (some-
how) unique in the collection, as “seed” documents.
Thereafter, they produce queries for each seed docu-
ments referring their lead paragraphs. This method
can drastically reduce the human overhead, because
unique documents, such as'those about the “melt-
down in Chernobly” and “bombing in Okulahoma
City”, are generally published in a certsin limited
period. In addition, as Sheridan et al. [16] iden-
tified, the seeding method is effective in the case
where users have desired results already in mind.
We note that this notion can also be applied to our

®The BMIR-J2 collection was built using the naive
method, and thus the document size is smaller than those
used in the Text Retrieval Conferences (TRECs).



utility-based IR system, and therefore our test col-
lection is expected to be enhanced with minimal
cost.

6 Conclusion

In this paper, we proposed an IR system based
on user information usage. While conventional
keyword-based retrieval systems achieved high re-
call, these systems still find it difficult to reject
noisy information. To resolve this problem, we tar-
get users who have explicit motivation for informa-
tion usage (utility), and used verbs contained in
user queries as the clue for utility. To do this, we
first extract predicate-argument structures (the tu-
ple consisting of main verbs and their object nouns)
from both a document collection and a given query,
through NLP techniques. We then use the the-
saurus and verb dictionary to enhance the query,
which is used for the retrieval. We also evaluated
our system by way of experiments, in which our
system outperformed two baseline systems in terms
of both the precision/recall trade-off. Finally, we
discussed future direction: (a) adopting iterative
retrieval process, (b) adopting more sophisticated
information classification based on the 5W1H axes
and (c) building larger-sized test collection.
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