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Relevance Weighting of Search Terms

This paper examines statistical techniques for exploit-
ing relevance information to weight search terms. These
techniques are presented as a natural extension of weight-
ing methods using information about the distribution of
index terms in documentsin general. A series of relevance
weighting functions is derived and is justified by theoret-

e Introduction

In this paper, we examine statistical techniques for
exploiting relevance information to weight search terms.
The object of the paper is to find a theoretical framework
which will give us some guidance as to how to make use
of relevance information in searching and to test experi-
mentally any guidance that we may find. In that event, a
general probabilistic theory of ‘relevance weighting im-
plies that ‘we' should use a specific weighted search
method ~and suggests a series of relevance weighting
functions. The experimental results confirm some im-
portant conclusions of the theory.

e Statistical Weighting

Search term weighting is an established practice. It
may be adopted simply as a means of simulating Boolean
searching [see Angione (I)]. It is also a retrieval device
in its own right. That is, term weighting may be used in a
manner not equivalent to Boolean searching because re-
trieved documents are further ranked. We are concerned
here with this more general use of weighting:

ical considerations. In particular, it is shown that specific
weighted search methods are implied by a general prob-
abilistic theory of retrieval. Different applications of
relevance weighting are illustrated by experimental re-
sults for test collections.
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Term weights may be assigned for different reasons.
One ground for weighting is user preference. The user
may be more interested in documents with term 4 than
documents with term b for reasons:not directly con-
nected with the actual use of g and b in the set of docu-
ments being searched. Request. terms may also be
weighted statistically (usually rather: trivially) by their
within-request . frequency. Such 'user-oriented request
term weights may be contrasted with document-oriented
weights, and specifically with system-oriented weights
reflecting the behavior of terms in the document col-
lection as a whole. (Term weights related to individual
documents, whether derived intuitively or statistically,
are not explicit search term weights.)

A natural source of system-oriented term values is dis-
tributional information indicating term frequencies; and
since the main problem in retrieval is to select a few rele-
vant documents: from many non-relevant ones, the
general ‘object of statistical weighting schemes is to
assign- high- values to discriminating terms. One such
scheme has been studied by Salton (2), and another
much simpler one by Sparck Jones (3, 4, 5). Comparable
improvements in retrieval performance have been
obtained with them. In both schemes terms with
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medium to low collection frequencies are assigned high
weights as good discriminators, while frequent terms
have low weights. For term ¢, given
N = the number of documents in the collection, and
n = the number of documents indexed by ¢,
Sparck Jones assigns a weight by the function:

n
w = - log v o (FO)

Salton’s weighting scheme is very much more compli-
cated. In retrieval, documents are ordered by notional
coordination level representing the sum of matching
term weights. Sparck Jones’ tests with three collections
showed material improvements in performance, mea-
sured by recall and precision, over unweighted terms.
Statistical information, however valuable, is not readily
manipulated manually, but it is well suited to automatic
systems. Sparck Jones’ function in particular is very
simply applied at search time. Apparent merit and easy
computation taken together suggest that as much dis-
tributional information as possible should be exploited
in an automatic system.

The schemes described so far use only information
about the distribution of terms in documents. Robert-
son (6) has drawn attention to the natural development,
which is to use any available information about the dis-
tribution of terms in relevant documents. In this case
term weighting becomes strictly request (and need)
specific. In the previous case, a term would have the
same weight in different requests. When relevant docu-
ments are taken into account, the same term may have
a different value for different requests. An obvious
weighting function, derived from rather different start-
ing points, has been proposed by Barkla (7) and by
Miller (8, 9). For a given term ¢ and a given query q,
if

1}

the number of relevant documents for ¢, and
the number of relevant documents indexed by ¢,
r
w = log (-)-:—-) . (F1)
(W)

For Barkla, an SDI service would provide relevance in-
formation via feedback; for Miller, it would be estimated
by the user. Barkla's test with this weighting scheme is
very -difficult to interpret (see Robertson). In Miller’s
experiments, however, it led to a better retrieval per-
formance for MEDLARS than standard Boolean search-
ing. In recent tests with several collections, Sparck Jones
(10) has shown that the function, when applied predic-
tively as originally intended, has some merit. She has
also” shown " that' the -optimal performance, which is
obtained when perfect relevance information is available,
e.g., for test collections, is good; and she has suggested

X
il

that it can be used as a general experimental yardstick. A
simpler weighting scheme with the same object, using w
= r/n, was found to be of some use by Barker, Veal and
Wyatt (11).

Yu and Salton (I2) have recently investigated a func-
tion defined by

.o )

N-n-R+r )

They use this function not directly as a weighting func-
tion, but in a rather complex way to modify the output
of a simple coordination level matching scheme. They
then prove that this modification of coordination level
matching can be expected to improve performance. The
proof involves some “independence. assumptions” about
the occurrence of terms which are discussed later.
Although their particular weighting scheme is idiosyn-
cratic, and their subsequent retrieval tests to confirm the
proof empirically were very limited, the idea of attempt-
ing a formal proof of the validity of a particular scheme
is a good one and forms a major part of the present
paper.

Taken together, these results provide some prima
facie evidence for the potential value of relevance infor-
mation in statistical weighting schemes- suited to auto-
matic post coordinate term retrieval. But there is no con-
sensus on exactly how relevance information should be
exploited. What is required is a systematic theoretical
and experimental investigation of the various possible
ways on using relevance information. for weighting
search terms. This is what this paper aims to provide.

In the next section we present a series of relevance
weighting functions. The theoretical framework within
which these functions are derived is summarized in an in-
formal way. A formal account of the theory is presented
in full in the Appendix, to which the technically-minded
reader is referred. The summary given in the text is de-
signed to bring out the main’points of the theory, justify-
ing the particular choice of weighting function adopted
and to link the theory and the experiments which are
subsequently described. Thus, the theory is essentially
concerned with probabilistic methods for ranking search
output, to maximize recall and minimize fallout, based
on assumptions:about term distributions and principles
of output ordering. In the experiments the methods are
interpreted as request term weighting schemes, both to
link the approach adopted with past work and to per-
mit the application of a standard retrieval test meth-
odology.

® Relevance Weighting

We assume binary index descriptions of documents.
(These are more frequently encountered than non-binary
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ones.) We also assume a set of relevance judgments for
each request. Documents may be judged relevant either
in relation to the request as stated or in relation to some
underlying need. In either case we hope to optimize re-
trieval of these or similar documents. Thus, if the judg-
ments are specific to an individual user, the optimal re-
trieval strategy is to be supplied for that user. Another
user, with the same verbal request but different judg-
ments, may have a different strategy. In the paper, ‘‘re-
quest” implies specific individual need.
Now given, as above, for term ¢ and request g,

N = the number of documents in the collection,

R = the number of relevant documents for g,

n = the number of documents having ¢, and

r = the number of relevant documents having ¢,
consider the contingency table of document distribution
for ¢:

Document
Relevance
+ -
+ ¥ n-r n
Document
Indexing
- R-r N-n-R+r || N-n
R N-R

Relevance weighting formulae must in some way reflect
the relative distribution of terms with respect to relevant
and other documents: Specifically, we can derive
formulae from the previous table as follows (the use of
logs in all the formulae is explained in detail later):

w = log (FD)
(%
xr
w? = log (f_r) (F2)
(¥r
77)
w? = log Rn-r (F3)
w* = log —-—-—--(I:r') (F4)
k)

Informally, for the giver request term ¢, Function F1
represents the ratio of the proportion of relevant docu-
ments in which 7 occurs to the proportion of the entire
collection in which it occurs, while F2 represents the
ratio of the proportion of relevant documents to that of

non-relevant documents. F3 represents the ratio between
the “relevance odds” for the term (i.e. the ratio between
the number of relevant documents in which it does
occur and the number in which it does not occur) and
the “collection odds” for ¢, while F4 represents the ratio
between the term’s relevance odds and its “non-relevance
odds.” Thus, the Functions F1 and F2 are related by
using proportions, while F3 and F4 use odds; but F1 and
F3 respectively are related by comparing the relevant
document distribution of a term to its entire collection
distribution, while F2 and F4 are related by comparing
relevant and non-relevant distributions.

The consequences of applying these formulae, to-
gether with simple collection frequency weighting (FO0),
are illustrated in Table 1 and Fig. 1. Five terms are
chosen: all four combinations of low and high collec-
tion frequency and low and high relevance frequency,
and a “medium” term. The relationships between the
weights given by each function to the different terms
are shown diagrammatically in the figure (since only the
ratios of the weights matter within a given scheme, all
the schemes are scaled to give the same weight to the
medium term e). All four functions separate the terms
in the obvious ways: b > ¢ and d > ¢ for relevance fre-
quency, a > ¢ and b > d for collection frequency ;in fact,
all four functions give a negative weight to ¢ (since a
document chosen at random from those containing the
term ¢ is less likely to be relevant than one chosen at
random from the whole collection). But the exact quanti-
tative relationships are somewhat different for each
function. The relationship of ¢ and e shows that the four
functions do not necessarily rank terms in the same
order.

e Foundations of Relevance Weighting

So far, the weighting functions have been characterized
in a fairly superficial way. In fact, all four functions de-
rive. from a formal probabilistic theory of relevance
weighting. This theory. is presented in full in the
Appendix to which, as indicated earlier, the reader inter-
ested in its formal development or finer pointsis referred.
This section is intended to give an informal account and
interpretation of the main ideas involved.

The object of the theory is to derive an optimal rank-
ing of the documents in a collection, on the basis of the
presence or absence in each document of the request
terms, when some information about the average per-
formance of these terms is available. The theory makes
use of two-Kinds of assumptions: independence assump-
tions and ordering principles.

The independence assumptions allow us to make in-
ferences about a document containing a given combina-
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