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Predicción del rendimiento de consultas

basado en rankings de documentos y nuevo

marco de evaluación.

Tesis Doctoral
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Most of the fundamental ideas of science are essentially simple, and may,
as a rule, be expressed in a language comprehensible to everyone.

Albert Einstein.
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Abstract

This thesis is focused on the field of Query Performance Prediction
(QPP). This subject, which is part of Information Retrieval research area,
has received increasing attention in the last years. The main purpose of
these prediction techniques is to estimate the quality of the document set
retrieved when a query is posed to a search system.

Different proposals have been introduced to tackle this problem. They
try to exploit specific properties from the query, the document collection
or any other information source. This QPP techniques fall within two main
approaches: Pre-Retrieval, where the ranking list returned by the search
system is ignored and thus this list is not considered, and Post-Retrieval,
where the returned documents are analysed to improve the quality of the
final estimations.

This thesis introduces a new Post-Retrieval query performance predic-
tion technique. The proposed method is based on the scores assigned by a
ranking function to the returned documents. The main hypothesis behind
this technique is that a high dispersion along the document scores could im-
ply a high quality of the search system response. This idea raises from some
of the ranking functions characteristics, since the computed relevance sco-
res can be observed as quantitative estimations of the documents relevance
probability.

The results obtained with this approach are similar to those obtained
with other prediction methods considered accurate, such as Clarity Score. In
addition, this approach has the advantage of performing the process without
using complex techniques, since the predictions are computed by using the
standard deviation.

Next, this thesis is focused on the current evaluation framework for pre-
diction methods. Previously, some authors have emphasized some of the
main disadvantages that appear with this evaluation framework based on
the correlation found between the query predictions and the quality of the
queries measured using the relevance judgements.
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This evaluation framework shows some of the typical drawbacks due to
an evaluation based on correlation. In addition, for the QPP case, measuring
the performance of a prediction technique with a correlation coefficient ig-
nores some of its specific properties, since the obtained correlation provides
only a measure of the global prediction accuracy. However, for some appli-
cations it could be interesting to evaluate the specific predictor performance
for high or low quality queries.

In order to avoid the drawbacks mentioned above, a new evaluation
framework is introduced in this thesis. This new approach measures the
performance of a prediction method classifying different queries by their
predicted quality.

Finally, the application of prediction methods to the selective query ex-
pansion scenario is also studied. The main purpose of this analysis is to
measure the impact of applying these methods within a selective query ex-
pansion scenario. That is, the goal is to help a search system to decide in
which cases the expansion of a query would improve the quality of the retur-
ned documents and thus whether the expansion process should be applied.

This analysis has experimentally proved the inadequacy of the average
precision measure as an estimator to decide in which cases a query should
be expanded. Besides, it is showed the suitability of predictions based on
estimating the P@10 value instead of the average precision obtained by a
query in this scenario.
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Conclusions

This thesis is devoted to the query performance prediction subject. Mo-
re specifically this work deals with three tasks within the area: prediction
methods, prediction evaluation and selective query expansion based on pre-
diction methods estimations.

The first contribution of this work is a new prediction technique proposal.
This new approach is focused on computing the topic quality estimations
by means of a simple calculation as the standard deviation. This approach
provides a similar performance as current methods, while these last employ
more complex techniques to compute their estimations.

The second proposal introduced in this thesis is related to the evaluation
of query performance prediction methods. In this case, the main purpose is
to develop a new evaluation framework able to provide more significant in-
formation about the performance of predictions methods, than the supplied
by correlation coefficients.

Finally, the quality estimations obtained with prediction methods are
applied to the selective query expansion task. The purpose of this study is
to measure the potential usefulness of prediction methods within this sce-
nario. Selective query expansion is frequently mentioned as one of the most
promising potential applications of query performance prediction methods.
However, in the related literature not many examples of a successful inte-
gration of these methods have been claimed. Thus, an analysis of the lack
of performance in this scenario is carried out in order to achieve a better
understanding of this task.

Prediction based on the standard deviation

The main conclusion obtained from the proposed prediction technique
described in Chapter 3 is the suitability of standard deviation to predict the
performance of a query. These predictions are obtained by simply measuring
the standard deviation of the scores assigned by the ranking function to the
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returned documents, after a query is posed to a search system.
The ability of current ranking functions to distinguish relevant and not

relevant documents by means of the assigned scores, supports the use of
standard deviation as an estimator of a query performance, since good per-
forming queries will show a higher dispersion among its scores.

Two main aspects can affect the performance of the standard deviation
as a prediction method: the number of documents included to measure the
standard deviation and the use of a normalization method to standardize
the scores assigned by the ranking function. The last is frequently applied in
order to facilitate a fair comparison among the scores obtained by different
queries.

It can be observed, through the experiments reported in Chapter 3, that
the number of documents k included to measure the standard deviation,
has a strong effect in relation with the quality of the estimations supplied,
consequence of the “long tail” composed of the not relevant documents set.
Opposite to this, the application of a normalization process do not cause a
significant effect on the computed estimations.

The proposed prediction technique shows a similar performance to other
approaches which appear in the related literature such as Clarity Score.
The most significant advantage of the proposed method is the capacity of
computing estimations without using complex techniques involving a high
computational cost. This characteristic of the proposed method makes it
suitable for its application to a real search system scenario.

It should be remarked that the query performance prediction technique
by means of the standard deviation has caused some impact in the QPP
community. Thus, a similar method to the one introduced here was proposed
almost simultaneously to our approach (Perez-Iglesias (2009); Pérez-Iglesias
and Araujo (2009)) by Shtok et˜al. (2009). Shtok, also proposed the use of
the standard deviation as a prediction method, but in this case applying a
scores normalization process previously. The normalization factor is based
on a statistic computed from the corpus where the prediction method is
tested. The results obtained with this approach are similar to the obtained
with the proposed method in Chapter ??.

More recently Ronan Cummins (Cummins et˜al. (2011a)) has proposed
an extension to the prediction method introduced in this thesis.

The main difference between both proposals is the method to select the
number k of documents included to measure the standard deviation. This k

size is computed based on the score received by the first retrieved document.
He computes the standard deviation including only those documents with
a score higher than half of the score received by the first document in the
ranking list. Cummins claims slightly better results than the ones published
in this thesis. In a different paper from the same author (Cummins et˜al.
(2011b)) and according to their experiments, the authors claim “The best
predictors tend to be the ones based on standard deviations...”.
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Something similar is found by Claudia Hauff, as in her thesis (Hauff
(2010), pages 66-67), she remarks the potential of the standard deviation
based approach ...retrieval score based methods achieve similar or higher
correlations than the evaluated document content based approaches (inclu-
ding Clarity Score)., with the main advantage of “the very low complexity,
compared to approaches relying on document content, or document and query
perturbations.”. As the main drawback of this approach, she remarks “the
reliance on retrieval scores can also be considered a drawback, as such ap-
proaches require collaborating search systems that make the retrieval status
values available.”.

Proposed evaluation framework

In this thesis a new proposal for the evaluation of query performance
prediction methods have been introduced. Although, previous works to this
thesis had remarked the necessity of a more suitable approach to evaluate
the quality of predictions (Hauff (2010), page 149), no research dealing with
this issue has been carried out.

An important part of the work carried out in this thesis is related to the
evaluation of query performance prediction methods. Therefore, an analysis
dealing with the consequences of an evaluation based uniquely on correla-
tion coefficients, or any other derived measure as Weighted Kendall is done.
Based on this study, a new evaluation framework is developed. The main
purpose of this new proposal is to avoid some of the drawbacks showed by
the current evaluation framework, and thus providing a more informative
measure of the QPP methods.

In addition to the well-known issues, which are consequence of the corre-
lation coefficients application as an evaluation measure, described in Chapter
4, it is important to remark that a correlation value only describes the gene-
ral performance of a prediction method. Thus, it is not possible to measure
the accuracy of QPP methods predicting different types of queries according
to their performance. In many cases, the possible application of a prediction
method to a specific scenario it is not so strongly related to the global per-
formance, but to the performance that a method shows for a specific type
of queries.

Based on the drawbacks found, we introduce a new evaluation framework
specifically focused on measuring the performance of prediction methods
for different type of queries. Thus, this evaluation method is able to show
when a prediction method is suitable for the detection of queries with a
high performance against predicting queries with a low value of quality. The
application of this evaluation framework allows to select the more suitable



6 Conclusions

prediction method for a specific scenario.

The proposed evaluation framework assumes that every query belongs to
a class of queries. The class of a query depends on the performance showed by
it using measures such as AP or P@10. Since each query is uniquely assigned
to a group based on its quality, the evaluation of prediction methods can now
be observed as a classification problem and thus applying any measure from
this field as accuracy, recall, o F-measure. These measures can be applied to
the whole set of queries or to a subset of them, focusing on the performance
of the prediction method for a specific type of queries.

As an extension to the classic classification measures, the Distance Based
Error Measure (DBEM) measure has been developed. This measure, oppo-
site to others, is focused on the misclassified topics, assigning a different
degree of penalty to a wrongly classified topic. The error degree is based on
the distance between the real query type and the estimated one. Therefore,
with this measure it is possible to observe what type of misclasifications
occur more frequently with the evaluated prediction method.

The described evaluation framework is tested with a subset of the current
available prediction methods. The performance of these methods is evaluated
in a double fashion: by class and for the whole set of topics. Concerning
the first evaluation case it is observed experimentally some details about
their performance not showed by the correlation coefficients, as the low
performance obtained by some of the IDF based prediction methods or the
general bias showed by prediction methods to estimate with higher accuracy
low quality topics.

In relation to the evaluation for the whole set of topics, a strong correla-
tion (r = 0,7) between the results obtained with Pearson or Kendall and the
global performance obtained with the proposed framework is found. This
fact, implies that the proposed framework, when applied to the whole set
of topics, shows similar results to the obtained with the classical correlation
coefficients.

Selective query expansion

Finally, and based on the results obtained with the previous proposals,
the last part of the thesis is devoted to analyze the application of query
performance prediction methods to the selective query expansion scenario,
when no relevance feedback from the user is available.

This use case is one of the most frequently cited to motivate the potential
application of prediction methods to different scenarios. We have concluded
experimentally that a low improvement can be expected from the inclusion
of a prediction method in a selective query expansion scenario.

This lack of performance is due to the limited relationship between the
average precision obtained by a query and the performance of the same
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query after a query expansion process is applied to it.

This conclusion appears after not observing any improvement when the
AP value obtained by a query is applied to decide when it should be ex-
panded to improve its performance. This typical approach of selective query
expansion is compared with a random fashion selection of the queries for
expansion, obtaining both approaches almost equivalent results.

The same conclusion is observed when a different query expansion met-
hod developed specifically for this task is applied. The main characteristic
of this query expansion method is the capacity to improve, in all cases, the
value obtained after the expansion compared with the average precision ob-
tained originally. This fact suggests that the lack of performance showed in
a selective query expansion scenario, using average precision as estimator,
is not related to the query expansion method applied.

The conclusions obtained in Chapter 5 contradict the most extended idea
about the suitability of the average precision quality measure as an estimator
in a selective query expansion scenario. More precisely, the obtained results
are opposite to the conclusions obtained by Claudia Hauff (Hauff et˜al.
(2010), pages 101-104), related to the correlation threshold necessary to
observe an improvement with the application of prediction methods to the
selective query expansion scenario.

The contradiction between both results is consequence of two assum-
ptions taken by Hauff. In her experiments Hauff assumes that those topics
with an average precision over a fixed threshold will improve their average
precision after the expansion process. Simultaneously she assumes that those
topics which obtain an average precision lower than another threshold will
decrease their average precision when they are expanded.

Finally, the experiments are repeated but using P@10 as estimator for the
selection of topics candidates for expansion. In this last case, the obtained
results are far from those obtained using average precision as estimator. More
important the improvement observed when P@10 is applied as an estimator
to select which topics should be expanded it is far from a random selection
of topics, contrary to the observed when average precision was used.

Therefore, the obtained results remark the importance of developing
prediction methods focused on estimating the suitable evaluation measu-
re, which depends on the scenario where the prediction method is applied.

2.1. Future work

The different prediction methods proposed during the last years have
shown a strong capacity to obtain a significant correlation values with the
average precision measure. This fact suggests the suitability of these methods



8 Conclusions

to improve the global performance of a search system.
This potential capacity has not been exploited yet to improve user search

experience, since a limited improvement has been achieved with the appli-
cation of query performance prediction methods to real scenarios.

This lack of improvement, despite other causes, could be a consequence
of the main objective within this area, which is focused on the estimation of
the average precision measure. Although, the average precision is considered
as a standard quality measure in information retrieval, this measure is not
as relevant as others for specific tasks, as it has been observed in relation to
the selective query expansion task.

Future development on new prediction techniques should be guided by
the scenario where these methods are applied, and not only by the correlation
found between a prediction method and a generic measure of a response
quality as average precision.

This change on the performance prediction research methodology will
allow the development of new predictors or adaptations of current methods
to improve the performance of specific tasks. An example of this new point
of view on the development of new prediction techniques appears in the
works published by Belloǵın (2011) or Belloǵın et˜al. (2011). Both works
are devoted to the application of prediction techniques to improve the re-
commendations given to users in a generic recommender system. For this
task, the authors adapt the Clarity Score method to this field, and they
measure the accuracy of the prediction method in terms of how the recom-
mendations are improved compared to a system where no predictions are
applied. The obtained results are very promising and prove the utility of the
application of a prediction method to this task.

Based on this new orientation on prediction techniques development, so-
me of the current methods should be adapted in order to predict different
quality measures. For instance, it should be tested if the standard deviation
can be applied to estimate the quality of a response using a minimum num-
ber of documents, as it should be done for P@1 or P@10. In the same way it
should be analyzed the performance showed by a method like Clarity Score,
when the query language model is built from a small number of documents.

An interesting area of application of prediction methods not studied so
far is the automatic generation of relevance judgments. Besides, prediction
methods could be combined with different proposal for the automatic gene-
ration of relevance judgments, as it was proposed by Soboroff et˜al. (2001).
In this work Soboroff, suggests to obtain a set of relevant documents through
a random sampling from the set of documents considered relevant by the
whole set of systems submitting their results to a TREC task.

Another possible extension focused on improving the accuracy of predic-
tion methods is the combination of different prediction techniques to improve
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the overall performance. This subject was previously studied by Hauff et˜al.
(2009). However, this combination can be carried out more adequately using
the information provided by the evaluation framework introduced in Chap-
ter 4. This evaluation makes explicit the weakness and robustness of each
prediction technique and thus allowing a more suitable combination.

Predictions methods are, in general, evaluated using standard TREC
collections. However, the topics resolved in these collections are mainly in-
formatives. Therefore, an analysis of the performance of predictors based on
topic intentionality has not been done. For certain tasks it could be interes-
ting to measure the accuracy of predictions on transactional or navigational
topics, opposite to the current framework based on informative topics. Simi-
larly, it could be studied the estimation quality of topics highly ambiguous
or topics which are poorly represented along the document collection.

Query performance prediction keeps being an open research question
with many fields of application. Some of the current techniques show a signi-
ficant capacity to provide accurate estimations and these predictions can be
employed in many information retrieval related tasks. The right application
of these prediction techniques is the main area where the query performance
prediction community should be focus on.
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