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Abstract. In this paper a new Query Performance Prediction method
is introduced. This method is based on the hypothesis that different score
distributions appear for ‘hard’ and ‘easy’ queries. Following we propose a
set of measures which try to capture the differences between both types
of distributions, focusing on the dispersion degree among the scores. We
have applied some variants of the classic standard deviation and have
studied methods to find out the most suitable size of the ranking list for
these measures. Finally, we present the results obtained performing the
experiments on two different data-sets.

1 Introduction

Query Performance Prediction (QPP) deals with the problem of estimating the
difficulty of a query, where the difficulty degree is commonly measured in terms
of the average precision (AP) obtained by the query. Thus, a query which obtains
a low AP value is considered as a ‘hard’ query, while one with a high AP value
would be considered as an ‘easy’ query. A classic application of QPP which has
shown some interesting results is selective query expansion [I], where the quality
prediction is applied to avoid the automatic expansion of those queries which
would worsen the overall retrieval quality.

This paper introduces a novel approach for Query Performance Prediction,
which falls into the so-called post-retrieval prediction methods. This type of
predictors makes use of the information supplied by the search system, once the
search has been performed, while pre-retrieval predictors compute the estimation
before completing the search. Our approach is focused on the study of the scores
assigned to the documents returned by a search system in response to a query.
It is based on the hypothesis that there exist differences between the scores
distribution of ‘hard’ and ‘easy’ queries. The dispersion in the scores of the
document ranking list is measured in order to predict the query performance.
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The rest of this paper is organised as follows. In SectionRlrelated work in query
performance prediction is introduced, with a special emphasis on post-retrieval
approaches. Then, in Section [3] a detailed description of the starting hypothesis
and the different measures employed to compute the ranking list dispersion is
given. Section @] deals with the specific evaluation performed and the analysis of
the obtained results. Finally, the main conclusions are given in Section Bl

2 Related Work

In the last years several techniques dealing with Query Performance Prediction
have been proposed. The different prediction methods are usually classified into
two main categories: a) pre-retrieval approaches, which try to estimate query
difficulty without using the list of documents obtained from the search engine;
b) and post-retrieval, which use the information obtained after submitting the
query to the search engine.

Focusing on post-retrieval methods we can found the classic Clarity Score
by Cronen-Townsend et al.[2]. Clarity Score tries to measure the ambiguity of
a query with respect to the document collection. The ambiguity of a query is
calculated using the Kullback-Leibler divergence (KLD) between the language
models of the collection and the top ranked documents. A well performing query
would show a high divergence value. Some methods based on Clarity Score ap-
pear subsequently, such as Ranked List Clarity Score, which replaces ranking
scores by the document ranking position, and Weighted Clarity Score, which al-
lows to assign a different weight to each query term in order to calculate KLD,
both in [3].

Recently a new improved version of Clarity Score has been presented by Hauff
et. al [4], which outperforms the original Clarity Score on performance prediction
accuracy. A related approach to the one introduced here, where the scores of the
ranking list are analysed, was developed by Diaz [5], who applied the similarity
between the scores of topically close documents as a prediction value. A similar
approach was proposed by Vinay [6], where the prediction is based on the cor-
relation between the actual rank of a document and a computed expected rank,
where the expected rank is obtained by modelling the score of a document as a
Gaussian random variable.

The following section introduces the proposed post-retrieval predictor based
on the scores dispersion in a ranking list.

3 Ranking List Score Dispersion as a Predictor

We based our approach on the hypothesis that some differences between doc-
ument score distribution for ‘hard’ and ‘easy’ queries should be observed. For
example, if a ranking list has a high value of dispersion in their document scores,
it could indicate that the ranking function has been able to discriminate between
relevant and non-relevant documents. On the other hand, if a low level of disper-
sion appears, it can be interpreted as if it was not able to distinguish between
relevant documents from non-relevant ones.
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This behaviour can be observed assuming a ‘perfect probabilistic model’,
where documents are scored with a probability of relevance equal to either 1
or 0. Relevant documents are weighted with 1, while 0 is assigned to those con-
sidered non-relevant. In this theoretical model, the dispersion among scores will
be maximised when an equal number of relevant and non-relevant documents
are included within the ranking list. An immediate consequence of the applica-
tion of dispersion as a query hardness estimator, is the importance of selecting
a suitable size k for the document ranking list. The dispersion measured at a
wrong ranking list size, which for example includes too many non-relevant doc-
uments or not enough relevant documents, will imply a misleading estimation of
the query hardness.

An example of the differences in terms of score dispersion can be observed in
Figure[ll where the five best (left) and five worst (right) performing queries from
Robust 2004 track are represented. As it can be seen in the figure, best queries
show a longer distance between maximum and minimum score and a sharp slope.
However, queries with a poor performance show a higher similarity in their scores
along the ranking list, a softer slope and a smaller distance between maximum
and minimum scores.
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Fig. 1. 5 Best Performing Queries (left) vs 5 Worst Performing Queries (right), from
Robust 2004 using BM25 as ranking model. Scores have been normalised in [0, 1],
dividing each score by the highest one. The maximum number of retrieved documents
is fixed to 1000.

Concerning score distributions, previous works have tried to define how doc-
ument scores are distributed along a ranking list. In general, it can be assumed
that an appropriate model could be a mix of an exponential and a gaussian prob-
ability distribution. Exponential for non-relevant documents, and gaussian for
relevant documents [7]. Usually most of the retrieved documents are non-relevant
(exponential distribution), thus it is likely that a big majority of documents will
obtain a low score.

Therefore, the shape of the ranking list exhibits a ‘long tail’ where most of
the non-relevant documents are placed, see Figure [[I An overall effect of the
ranking list ‘long tail’ is a reduction of the accuracy of the applied measures.
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Next section describes the measures defined to capture the differences between
‘hard’” and ‘easy’ queries.

Proposed Measures

We have tested different measures for capturing the dispersion from the scores
of a ranking list. All the proposed measures are based on standard deviation,
but with some differences in the techniques used for fixing the most suitable
ranking list size k. It should be noted that document scores are normalised by
the maximum to allow a fair comparison between queries with different lengths.

Maximum Standard Deviation: This measure tries to minimize the effect
of the ranking list tail by computing the standard deviation at each point in
the ranking list and selecting the maximum value of the standard deviation thus
found. Hence, those scores which appear at the ranking list tail have no influence
in the calculation of the maximum standard deviation.

Standard Deviation at a Common Best k: Computing the standard devi-
ation manually fixing its size k. With the selection of a suitable size k the noise
introduced by the set of low scores is removed. Fixing k£ globally requires the
selection of a common £ value which maximises the correlation degree for all
queries.

Estimating a Cut-Point £ Automatically for each Query: The previously
introduced measures establish a ranking list size k which is shared by all queries.
Here we propose a method aimed at fixing the size k specifically for each query.
For this estimation we use the number of documents which are retrieved when
each term from the query is considered mandatory, which is equivalent to ap-
plying the boolean AND operator for all terms in the query. This estimator has
been applied previously [] to select an appropriate document set size in order
to create a top ranking language model.

With the use of the AND operator some queries retrieve no documents at all,
while for others the number of retrieved documents is large and similar to that
obtained with the OR operator. In order to circumvent this situation a scaling
linear function is applied. This function scales the original k value obtained
from an AND search to a value closer to the expected median (k) for all queries,
avoiding the undesired cases described above.

The linear transformation makes use of a free parameter A, which defines
how similar will be the new ranking list size to the original median. In order
to ascertain the similarity between the original k value, obtained with the AND
operator, and the scaled one %/, obtained after the linear transformation, the
next conditions have to be fixed:

k' =kand k!, =Nk
where ky,,, is the longest ranking list size expected for the scaled values. Thus
the linear transformation is calculated as k' = ak + b, where a = (’A_rl)j;, b=

(1 —a)k and X € [1, k";;”}.
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4 Results

As usual the performance of the predictor is computed by measuring the corre-
lation degree between the predictor and the real search system performance in
terms of AP. A significant correlation degree between both measures means an
accurate estimation of the query performance. For this purpose the Pearson and
Kendall correlation coefficients have been applied. Both correlation coefficients
calculate a real number in the range [—1, 1], where 1 means perfect correlation,
—1 means a perfect inverse correlation and 0 means no correlation at all. The
different measures proposed in this paper have been tested with the set of doc-
uments from TREC Disk4 & 5 and GOV2 collections, including topics from 301
to 450 and 700 to 800. Only the field title from each topic has been employed for
both collections and the Okapi BM25 [8] has been applied as ranking function.

The results obtained with both datasets are shown in Table Il Each row
corresponds to one of the proposed measures: (o) the standard deviation for
the whole ranking list (1000 for TREC 4 & 5 and 10000 for GOV2); (0pest)
the standard deviation at a common best size k for all topics (100 for TREC 4
& 5 and 1000 for GOV2); (0mae) the maximum standard deviation; and (o)
the standard deviation at a specific size k for each query, using the automatic
method proposed previously. The last two rows include the results obtained with
Clarity Score (CS) and the Improved Clarity Score (ICS version proposed by
Hauff et al. in [4].

In relation with the capability to capture dispersion of the different proposed
measures. Here we can observe how the standard deviation of the whole rank-
ing list obtains the lowest correlation value, as it was expected because of the
noise introduced by the ranking list tail. The results obtained with the maximum
standard deviation are similar to those achieved with the selection of a common
optimal ranking list size, but with the advantage of removing the use of a pa-
rameter to cut the ranking list and thus avoiding the problem of computing this
optimal common k. The best results have been achieved by fixing automatically
a suitable ranking list size for each topic.

Table 1. Pearson and Kendall coefficients obtained with the proposed measures

Pearson Kendall
TREC 4 & 5 GOV2 TREC 4 & 5 GOV2
301-350 351-400 401-450 701-750 751-800 301-350 351-400 401-450 701-750 751-800
orar 0.3886 0.3358 0.4367 0.4551 0.1497 0.2721 0.2295 0.2261 0.2959 0.1530
opest 0.7455 0.5188 0.6363 0.3808 0.2509 0.4693 0.3690 0.3146 0.1921 0.2534
Omaz 0.6488 0.4298 0.7854 0.3522 0.2322 0.4761 0.3282 0.4659 0.1802 0.2380
oxt 0.7802 0.5623 0.7136 0.4957 0.3019 0.5340 0.3996 0.3639 0.3656 0.2193
CS 0.5390 0.3095 0.5727 0.6033 0.4441 0.4198 0.2172 0.3045 0.4149 0.3299
ICS 0.6330 0.5106 0.7064 0.5422 0.5498 0.4998 0.4002 0.5624 0.3723 0.4181

! CS and ICS results have been taken from [4].
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Finally, the correlation found in the GOV2 collection is not so strong, as for
TREC 4 & 5 dataset, although it is almost equivalent to the achieved with CS
or ICS. We believe that this decrease is caused by the noise which appears in
a Web environment, where for each query the number of retrieved documents
that obtain a similar score is higher than for TREC 4 & 5. A similar problem
was addressed by Hauff et al. [4] in the application of predictors to a Web
environment.

5 Conclusions

A novel query performance predictor has been introduced in this paper. A high
correlation value has been found using the proposed measures based on standard
deviation, suggesting the hypothesis described on this work about the relation
between the scores dispersion and query performance.

The application of the standard deviation as a dispersion measure for a rank-
ing list has shown to be an effective approach if a suitable ranking list size is
selected. We have introduced three different techniques for fixing this size, which
have improved the results reducing the noise introduced by the ranking list tail.
Best results have been achieved using a specific ranking list size per topic.
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