Selecting Expansion Terms in Automatic Query Expansion
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INTRODUCTION

In automatic query expansion, where queries are automatically expanded with terms not in the original query but extracted from initially retrieved top-ranked documents, each
term in the top-ranked documents is evaluated for its usefulness as an expansion term to be added to the original query.
As the evaluation measure, we have used since [1] a Term
Selection Value function based on a combination of a relevance weight [3] derived from document frequencies and a
sum of within-document term frequencies, so that terms that
are speci c to top-ranked documents (relevance weight factor) and representative of each top-ranked document (term
frequency factor) would be rated highly.
While query expansion based on the TSV function above
contributed to improvement in retrieval e ectiveness in the
past experiments, recent experiments suggested selecting expansion terms based on both the relevance weight and the
term frequencies might not always be the best strategy;
speci cally, when the top-ranked documents, assumed to be
relevant to the topic, turn out to be mostly non-relevant, the
relevance weight seemed to lead to inappropriate selection
of expansion terms.
In this paper, we investigate how a relevance weight affects expansion term selection as the number of relevant documents in the top-ranked documents decreases and examine
the e ectiveness of an alternative approach of not using a
relevance weight in expansion term evaluation.

2.1 Term Selection Value functions

We compared two term selection measures to select expansion terms: one that uses a relevance weight (TSV-1),
and the other that does not use a relevance weight (TSV-2),
i.e.,

TSV -1 = w  Sum ;
TSV -2 = Sum ;
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where w is a relevance weight and Sum is a sum of withindocument term frequencies. The functions are variations of
Term Selection Value in [4].
The relevance weight w is the same as the relevance
weight our retrieval engine [2], based on the probabilistic
model, assigns to both original and expansion terms after
top-ranked documents are identi ed in initial retrieval and
follows a weighting scheme similar to [3]:
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where R is the number of relevant documents, r is the
number of relevant documents containing the term, S is the
number of non-relevant documents, s is the number of nonrelevant documents containing the term, N is the number of
documents in the collection, n is the number of documents
containing the term, and k4 , k5 and k6 are parameters.
The sum of within-document term frequencies Sum , included in both TSV functions, uses the within-document
frequency normalized by the document length, i.e.,
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2.

EXPERIMENT

Obviously, the quality of query expansion may well be inuenced by the quality of the initially retrieved top-ranked
documents, in particular, how many of them are actually relevant; the question is whether the degree of in uence varies
depending on the use of relevance weights when expansion
terms are selected. To investigate this, we conducted the
following experiment using the TREC-8 Web Track topics
and its WT2g document collection and the TREC-9 Web
Track topics and its WT10g document collection.
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where f is the within-document frequency of the term, l
is the document length, l is the average document length,
and k1 , b and are parameters.
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Parameter values were determined after preliminary experiments to nd a reasonable combination. (S was set to 0
in our experiment.) There was also a cut-o measure applied
to limit terms that appear in a few top documents.
Using the above measures, up to 30 terms were selected
as expansion terms per topic.
2.2

Top-ranked document sets

We created three conditions of top-ranked documents, two
simulated and one real: worst-possible, best-possible and
realistic. To simulate the worst case scenario where initial
retrieval fails to turn up any relevant document, a set of nonrelevant documents (NONE set) was constructed by weeding
out all relevant documents from top-ranked documents that
contain query terms while retaining the relative rank of each
non-relevant document that will remain in the set. Similarly,
a set of relevant documents (ALL set) was created by picking
up only relevant documents from the top-ranked documents.
For comparison purposes, a set of top-ranked documents
as they were obtained in initial retrieval without modi cation (SOME set) was also prepared. In the TREC-8 runs,
approximately 48 to 50% of the set were relevant documents
on the average. In the TREC-9 runs, the ratios of relevant
documents were in the range of approximately 25 to 35%.
There were at most 10 documents in total in each of the
three sets.

3.

RESULT

The experimental runs resulted in the average precision
measurements in Tables 1 and 2. Queries were created using
either the title eld only or the title and desc elds.
The result shows that, with the ALL set, selecting terms
using TSV-1 resulted in the higher average precision than
selecting terms using TSV-2. On the other hand, with the
NONE set, using TSV-1 a ected retrieval more adversely
than using TSV-2. The outcomes using the SOME set also
suggest that the more the top-ranked document set contains
relevant documents, the greater TSV-1 outperformed TSV2. Note also that using original queries with no expansion
produced better results in all runs with the NONE set, but
with the SOME set, only in the runs using TSV-1 in TREC9 runs. This implies that there is at least one form of query
expansion that is e ective when around one third or so of
top-ranked documents is relevant.
When we compare the terms selected, those selected by
TSV-1 resulted in the average document frequency considerably lower than that of those selected by TSV-2, regardless
of which set the terms came from. This indicates that the
TSV-1 tends to consistently favor less common terms over
common terms, despite the fact that the function incorporates within-document term frequencies.
Another observation about the selected terms is that, with
TSV-2, the average document frequency of the selected terms
increases as the number of non-relevant documents in the
top-ranked documents increases. We found this particularly interesting since it seems to serve as a mechanism to
counter potentially negative impact of selecting terms based
on non-relevant documents. This tendency may indicate
that as non-relevant documents dominate the top-ranked
documents, it becomes more dicult to select terms that
are commonly shared in the top-ranked documents unless
they are high document frequency terms.
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Table 1: TREC-8 topics and data collection

ALL

TSV-1
TSV-2
SOME TSV-1
TSV-2
NONE TSV-1
TSV-2
No expansion

title only title + desc
0.4649
0.4707
0.4314
0.4374
0.3503
0.3687
0.3523
0.3693
0.2848
0.3091
0.2968
0.3184
0.3247
0.3420

Table 2: TREC-9 topics and data collection

ALL

TSV-1
TSV-2
SOME TSV-1
TSV-2
NONE TSV-1
TSV-2
No expansion

title only title + desc
0.3474
0.4074
0.3122
0.3725
0.2021
0.2427
0.2150
0.2705
0.1686
0.1866
0.1810
0.2182
0.2073
0.2608

4. CONCLUSIONS

The experiment showed that term selection using a relevance weight was sensitive to how many of the top-ranked
documents were actually relevant and that, with this method
of term selection, the range of uctuation resulting from the
di erence in the ratio of relevant documents was quite wide.
The result also suggests that, under many realistic circumstances, dropping relevance weights in term selection seems
to produce more stable results. We also found it useful to
consider best case and worst case scenarios to gain insight
of what works under what circumstances.
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