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Abstract

Ranking in information retrieval has been traditionally approached

as a pursuit of relevant information, under the assumption that the

users’ information needs are unambiguously conveyed by their submit-

ted queries. Nevertheless, as an inherently limited representation of a

more complex information need, every query can arguably be consid-

ered ambiguous to some extent. In order to tackle query ambiguity,

search result diversification approaches have recently been proposed to

produce rankings aimed to satisfy the multiple possible information

needs underlying a query. In this survey, we review the published lit-

erature on search result diversification. In particular, we discuss the

motivations for diversifying the search results for an ambiguous query

and provide a formal definition of the search result diversification prob-

lem. In addition, we describe the most successful approaches in the

literature for producing and evaluating diversity in multiple search do-

mains. Finally, we also discuss recent advances as well as open research

directions in the field of search result diversification.

R. L. T. Santos, C. Macdonald and I. Ounis. Search Result Diversification.
Foundations and Trends R© in Information Retrieval, vol. 9, no. 1, pp. 1–90, 2015.
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1

Introduction

Queries submitted to an information retrieval (IR) system are often am-

biguous to some extent. For instance, a user issuing the query “bond” to

an IR system could mean the financial instrument for debt security, the

classical crossover string quartet “Bond”, or Ian Fleming’s secret agent

character “James Bond”. At the same time, the documents retrieved

by an IR system for a given query may convey redundant information.

Indeed, a user looking for the IMDb page of the James Bond film “Spec-

tre” may be satisfied after observing just one relevant result. Ambiguity

and redundancy have been traditionally ruled out by simplifying mod-

elling assumptions underlying most ranking approaches in IR. Never-

theless, in a realistic search scenario, ambiguity and redundancy may

render a traditional relevance-oriented ranking approach suboptimal,

in terms of subjecting the user to non-relevant results. In this situa-

tion, alternative ranking policies should be considered. In this chapter,

we provide a historical perspective of relevance-oriented ranking in IR

and discuss the challenges posed by ambiguity and redundancy as a

motivation for diversifying the search results.

2
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1.1. The Holy Grail of IR 3

1.1 The Holy Grail of IR

The key challenge faced by an IR system is to determine the relevance

of a document given a user’s query [Goffman, 1964]. The concept of rel-

evance, the holy grail of IR, has been discussed in the fields of informa-

tion science and retrieval since the 1950s. Despite the rich literature on

the subject, relevance per se is still an ill-understood concept [Mizzaro,

1997]. In a practical environment, relevance can span multiple dimen-

sions, related to the topicality and usefulness of the retrieved docu-

ments as they are perceived by the target user [Borlund, 2003]. Indeed,

relevance is ultimately a prerogative of the user, in which case an IR

system can at best estimate it [Baeza-Yates and Ribeiro-Neto, 2011].

Estimating relevance is a challenging task. Indeed, while current

search users may have high expectations regarding the quality of the

documents returned by a modern web search engine, they often provide

the search engine with a rather limited representation of their informa-

tion need, in the form of a short keyword-based query [Jansen et al.,

2000]. Besides understanding the information needs of a mass of users

with varying interests and backgrounds, web search engines must also

strive to understand the information available on the Web. In particu-

lar, the decentralised nature of content publishing on the Web has led to

an unprecedentedly large and heterogeneous repository of information,

comprising over 30 trillion uniquely addressable documents [Cutts,

2012] in different languages, writing styles, and with varying degrees of

authoritativeness and trustworthiness [Arasu et al., 2001].

The enormous size of the Web most often results in an amount

of documents matching a user’s query that by far exceeds the very

few top ranking positions that the user is normally willing to inspect

for relevance [Silverstein et al., 1999]. In such a challenging environ-

ment, effectively ranking the returned documents, so that the most

relevant documents are presented ahead of less relevant ones, becomes

of utmost importance for satisfying the information needs of search

users [Baeza-Yates and Ribeiro-Neto, 2011]. A standard boolean re-

trieval is typically insufficient in a web search scenario, in which case

more sophisticated approaches can be deployed to produce a ranking

of documents likely to be relevant to the user’s information need.

Full text available at: http://dx.doi.org/10.1561/1500000040



4 Introduction

1.2 Relevance-oriented Ranking

Probabilistic ranking approaches have been extensively studied in IR as

a mechanism to surface relevant information. Although relevance is an

unknown variable to an IR system, properties of a query and of a given

document may provide evidence to estimate the probability that the

document is relevant to the information need expressed by the query.

The probability of relevance of a document to a query is central to the

well-known probability ranking principle (PRP) in IR [Cooper, 1971,

Robertson, 1977, Robertson and Zaragoza, 2009]:

“If a reference retrieval system’s response to each request is

a ranking of the documents in the collection in order of de-

creasing probability of relevance to the user who submitted

the request, where the probabilities are estimated as accu-

rately as possible on the basis of whatever data have been

made available to the system for this purpose, the overall

effectiveness of the system to its user will be the best that

is obtainable on the basis of those data”.

In practice, as an abstract ranking policy, the PRP does not pre-

scribe how the probability of relevance of a given query-document pair

should be estimated. Nonetheless, several probabilistic ranking mod-

els have been proposed throughout the years, inspired by the princi-

ple. In particular, the literature on probabilistic ranking dates back

to 1960, with the seminal work by Maron and Kuhns [1960] on prob-

abilistic indexing and retrieval in a library setting. The field experi-

enced intensive development in the 1970s and 1980s [Cooper, 1971,

Harter, 1975a,b, Robertson and Spärck Jones, 1976, Robertson, 1977,

Robertson et al., 1981], culminating in some of the most effective rank-

ing functions used by current IR systems [Robertson et al., 1994, 2004,

Zaragoza et al., 2004]. Later developments in the field led to effective

alternative probabilistic formulations, including statistical language

models [Ponte and Croft, 1998, Hiemstra, 1998, Zhai, 2008] and di-

vergence from randomness models [Amati, 2003, 2006].

Despite the relative success attained by the various ranking ap-

proaches inspired by the PRP, the development of the principle has

Full text available at: http://dx.doi.org/10.1561/1500000040



1.2. Relevance-oriented Ranking 5

been permeated by simplifying modelling assumptions that are often

inconsistent with the underlying data [Gordon and Lenk, 1992, Cooper,

1995]. In particular, Gordon and Lenk [1991, 1992] analysed the op-

timality of the PRP under the light of classical decision and utility

theories [von Neumann and Morgenstern, 1944], based upon the costs

involved in not retrieving a relevant document as well as in retriev-

ing a non-relevant one. While decision-theoretic costs remain the same

for each retrieved document, the utility-theoretic benefit of a relevant

document retrieved depends on the previously retrieved relevant doc-

uments. In their analysis, Gordon and Lenk [1991] discussed two key

modelling assumptions underlying probabilistic ranking approaches:

A1. The probability of relevance is well-calibrated1 and estimated

with certainty, with no associated measure of dispersion.

A2. The probability of relevance of a document is estimated indepen-

dently of the other retrieved documents.

According to A1, a document with a higher probability of relevance

should always be ranked ahead of a document with a lower probability

of relevance, regardless of the confidence of such probability estimates.

According to A2, the probability of relevance of a document should be

estimated regardless of the probability of relevance of the documents

ranked ahead of it. As Gordon and Lenk [1991] demonstrated, the PRP

attains the greatest expected utility compared to any other ranking

policy under these two assumptions. However, when at least one of these

assumptions fails to hold, the principle is suboptimal. In this case, a

strict ordering of the retrieved documents by decreasing probability of

relevance may not be advisable, and alternative ranking policies should

be considered [Gordon and Lenk, 1992]. In general, neither A1 nor A2

are realistic assumptions. In practice, while A1 is challenged by the

occurrence of ambiguity in the user’s query, A2 is challenged by the

occurrence of redundancy among the retrieved documents.

1According to the definition of Gordon and Lenk [1991], a well-calibrated IR
system is one that predicts an accurate probability of relevance for each document.
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6 Introduction

1.3 Ambiguity and Redundancy

Relevance-oriented ranking approaches assume that the users’ informa-

tion needs are unambiguously conveyed by their submitted queries, and

that the users’ assessment of relevance for a document does not depend

on their perceived relevance for the other documents. While such as-

sumptions may have held in the library setting where the early studies

of relevance-oriented ranking were conducted [Maron and Kuhns, 1960,

Cooper, 1971, Harter, 1975a,b, Robertson, 1977], they do not hold in

general [Gordon and Lenk, 1992], and are unlikely to hold in a web

search setting, which is permeated with ambiguity and redundancy.

Web search queries are typically short, ranging from two to three

terms on average [Jansen et al., 2000]. While short queries are more

likely to be ambiguous, every query can be arguably considered ambigu-

ous to some extent [Cronen-Townsend and Croft, 2002]. Nevertheless,

in the query understanding literature, query ambiguity is typically clas-

sified into three broad classes [Clarke et al., 2008, Song et al., 2009]. At

one extreme of the ambiguity spectrum, genuinely ambiguous queries

can have multiple interpretations. For instance, it is generally unclear

whether the query “bond” refers to a debt security certificate or to Ian

Fleming’s fictional secret agent character.2 Next, underspecified queries

have a clearly defined interpretation, but it may be still unclear which

particular aspect of this interpretation the user is interested in. For

instance, while the query “james bond” arguably has a clearly defined

interpretation (i.e., the secret agent character), it is unclear whether

the user’s information need is for books, films, games, etc. Finally, at

the other extreme, clear queries have a generally well understood in-

terpretation. An example of such queries is “james bond books”.

Sanderson [2008] investigated the impact of query ambiguity on

web search. In particular, he analysed queries from a 2006 query log

of a commercial web search engine that exactly matched a Wikipedia

disambiguation page3 or a WordNet4 entry. Ambiguous queries from

2As a matter of fact, Wikipedia’s disambiguation page for “bond” lists over 100
possible meanings for this particular entry: http://en.wikipedia.org/wiki/Bond .

3http://en.wikipedia.org/wiki/Wikipedia:Disambiguation
4http://wordnet.princeton.edu
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1.3. Ambiguity and Redundancy 7

Wikipedia showed a larger number of senses on average than those

from WordNet (7.39 vs. 2.96), with the number of senses per ambigu-

ous query following a power law in both cases. The average length of an

ambiguous query was also similar across the two sources, with the pre-

dominance of single-word queries. In contrast to previous works, which

assumed that multi-word queries were relatively unaffected by ambigu-

ity, he found that ambiguous queries with more than one term were also

numerous. Importantly, he observed that ambiguous queries comprised

over 16% of all queries sampled from the log. Independent investiga-

tions based on click log analyses [Clough et al., 2009] and user stud-

ies [Song et al., 2009] also reached the consensual figure that around

16% of all user queries are ambiguous, while many more can be under-

specified to some degree. As Sanderson [2008] demonstrated through a

simulation, current search systems underperform for such queries.

While ambiguity primarily affects retrieval requests, redundancy

is a property of the retrieval results. A document may be considered

redundant whenever it conveys information already conveyed by the

other documents [Bernstein and Zobel, 2005]. The limitation of assum-

ing that documents are conditionally independent given the query was

early recognised. In his note on relevance as a measurable quantity,

Goffman [1964] pointed out that “the relationship between a document

and a query is necessary but not sufficient to determine relevance”. In-

tuitively, once a document satisfying the user’s information need has

been observed, it is arguable whether other documents satisfying the

same need would be deemed relevant. This intuition has been empiri-

cally corroborated in recent years with the analysis of users’ browsing

behaviour from click logs. Indeed, Craswell et al. [2008] observed that

the probability of clicking on a given document diminishes as higher

ranked documents are clicked. According to this cascade model, once a

user has found the desired information, the need for inspecting further

documents is reduced. In practice, the amount of information required

to satisfy a user’s information need may depend on additional factors.

For instance, queries with an informational intent [Welch et al., 2011]

as well as those of a controversial nature [Demartini, 2011] may require

more than just a single relevant document to satisfy the user.

Full text available at: http://dx.doi.org/10.1561/1500000040



8 Introduction

1.4 Diversity-oriented Ranking

Query ambiguity precludes a clear understanding of the user’s actual

information need. Wrongly guessing this need may compromise the ac-

curacy of estimating the probability of relevance of any retrieved docu-

ment. Introducing redundancy may further exacerbate the problem, by

promoting more documents related to a potentially wrong information

need. Indeed, when the user’s actual information need is uncertain, rel-

evance estimations may be misguided, leading to a complete retrieval

failure and the abandonment of the query [Chen and Karger, 2006]. In

this scenario, a standard relevance-oriented ranking approach is clearly

suboptimal, and alternative ranking policies should be considered.

Diversity-oriented ranking has been proposed as a means to over-

come ambiguity and redundancy during the search process. Diversify-

ing the search results usually involves a departure from the assump-

tions that the relevance of a document can be estimated with certainty

and independently of the other retrieved documents [Gordon and Lenk,

1991]. Indeed, uncertainty arises naturally from the fact that the prob-

ability of relevance is estimated based upon limited representations of

both information needs and information items [Turtle and Croft, 1996].

Moreover, it is arguable whether users will still find a given document

relevant to their information need once other documents satisfying this

need have been observed [Bernstein and Zobel, 2005].

In order to account for both ambiguity and redundancy, a diversity-

oriented ranking should not consider the relevance of each document

in isolation. Instead, it should consider how relevant the document

is in light of the multiple possible information needs underlying the

query [Spärck-Jones et al., 2007] and in light of the other retrieved doc-

uments [Goffman, 1964]. As a result, the retrieved documents should

provide the maximum coverage and minimum redundancy with respect

to these multiple information needs [Clarke et al., 2008]. Ideally, the

covered information needs should also reflect their relative importance,

as perceived by the user population [Agrawal et al., 2009]. In its gen-

eral form, this is an NP-hard problem [Carterette, 2009], for which an

extensive body of research has been devoted in recent years. Discussing

such a rich literature is the primary goal of this survey.

Full text available at: http://dx.doi.org/10.1561/1500000040



1.5. Scope of this Survey 9

1.5 Scope of this Survey

This survey describes several approaches in the literature for the search

result diversification problem. In particular, we cover approaches aimed

to produce diversity-oriented rankings as well as those aimed at eval-

uating such rankings. Although our primary focus is on web search,

this survey also describes diversification approaches that tackle ambi-

guity and redundancy in other search scenarios, as well as approaches

for related tasks, such as query ambiguity detection and query aspect

mining. Outside of the scope of this survey are approaches that seek to

promote diversity for purposes other than search, such as text summari-

sation and event detection and tracking. The notations used uniformly

throughout this survey are described in the preface.

The remainder of this survey is organised as follows. In Chapter 2,

we provide a comprehensive overview of the search result diversification

problem, including a discussion of its NP-hardness. We also describe

an approximate polynomial-time solution that underlies most diver-

sification approaches in the literature. These approaches are further

organised according to a two-dimensional taxonomy, based upon their

adopted aspect representation (implicit or explicit) and their diversifi-

cation strategy (novelty-based, coverage-based, or hybrid).

In Chapters 3 and 4, we thoroughly describe the most prominent

implicit and explicit diversification approaches in the literature, respec-

tively. In both chapters, we focus on the diversification strategy and

the ranking objective underlying each approach following the uniform

notation introduced in the preface. Throughout these two chapters, we

highlight the commonalities and differences among these approaches,

and contrast their relative effectiveness as reported in the literature.

In Chapter 5, we describe the evaluation methodology most com-

monly adopted in the field of search result diversification, which builds

upon the availability of benchmark test collections. In particular, we

show the overall structure and the core components of a typical test col-

lection for diversity evaluation, and provide a summary of salient statis-

tics of the currently available test collections from TREC and NTCIR.

Furthermore, we present multiple alternative evaluation frameworks

and detail the evaluation metrics derived from each of them. Finally,

Full text available at: http://dx.doi.org/10.1561/1500000040



10 Introduction

we discuss several studies that validate these metrics according to mul-

tiple dimensions, including their discriminative power, sensitivity, in-

formativeness, predictive power, optimality, and reusability.

In Chapter 6, we introduce several advanced topics in the field of

search result diversification. In particular, we describe approaches pro-

posed for the related tasks of query ambiguity detection and query

aspect mining. While the former approaches can be used to selectively

adapt the amount of diversification performed for each individual query,

the latter can help generate aspect representations that better reflect

the possible information needs underlying a user’s query. In addition,

we describe several diversification approaches introduced for domains

other than web search. This includes approaches for diversifying search

results in different retrieval domains, such as images, biomedical re-

ports, product reviews and recommendations, as well as for promoting

diversity across multiple domains in an aggregated search interface.

Lastly, in Chapter 7, we provide a summary of the materials covered

throughout this survey and discuss open research directions in the field

of search result diversification. In particular, we highlight open prob-

lems related to modelling, estimation, and evaluation of diversification

approaches, as a means to foster further research in the field.

Full text available at: http://dx.doi.org/10.1561/1500000040
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