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Abstract

Search has become ubiquitous but that does not mean that search has
been solved. Enterprise search, which is broadly speaking the use of
information retrieval technology to Þnd information within organisa-
tions, is a good example to illustrate this. It is an area that is of huge
importance for businesses, yet has attracted relatively little academic
interest. This monograph will explore the main issues involved in en-
terprise search both from a research as well as a practical point of view.
We will Þrst plot the landscape of enterprise search and its links to re-
lated areas. This will allow us to identify key features before we survey
the Þeld in more detail. Throughout the monograph we will discuss the
topic as part of the wider information retrieval research Þeld, and we
use Web search as a common reference point as this is likely the search
application area that the average reader is most familiar with.
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1
Introduction

ÒEnterprise Search doesnÕt workÓ. Does that sound familiar? Well, it is
a view commonly held by employees trying to Þnd information within
their organisation. On the other hand, an information retrieval (IR)
researcher or student might never have heard this or even thought
about it.

Given the wide-spread sentiment among users and search practi-
tioners that enterprise search does not deliver on its promises, the ques-
tion arises as to what is it that causes these perceptions and do they
properly reßect the reality? One of the fundamental issues underlying
the overall discussion is the question of how does enterprise search re-
late to search in general and Web search in particular. This monograph
will provide a thorough discussion of the topic and outline implications
and guidance resulting from this. We will focus on both theoretical and
practical issues as well as their interplay.

We expect our main audience to be researchers and PhD students
with some background in information retrieval who want to learn some-
thing about enterprise search. Apart from that, we do hope that practi-
tioners facing the challenge of having to implement an enterprise search
system and those that need to understand the technical and user in-

2



1.1. Overview 3

terface problems associated with enterprise search will also Þnd the
monograph valuable.

There are at least two ways of approaching this topic academically.
One approach might be to review the refereed literature and provide a
contextualisation of enterprise search by comparing and contrasting it
with related work. A second approach could do this by highlighting re-
search gaps in enterprise search and providing a research agenda in the
spirit of the Strategic Workshops on Information Retrieval (SWIRL) in
Lorne.1 Given the relatively limited academic interest that enterprise
search has attracted, in particular a lack of detailed comparison with
other search areas, we opted for the Þrst approach as the Þrst step. We
do however need to note that due to the applied nature of the Þeld
the refereed literature will only be able to paint a partial picture and
not necessarily represent where the technology is at the present time.
We therefore complement the analysis with appropriate references to
studies and surveys from the practitionersÕ community. In concluding
the review we will also provide a number of interesting future research
directions.

1.1 Overview

Web search is a relatively recent development that has attracted much
attention and for many it has become a synonym for ÔsearchÕ in gen-
eral. But Web search is just one Ð perhaps the most prominent Ð search
context. There are many other application areas, enterprise search be-
ing one of them, which require fundamentally di!erent solutions. Note
that we do not simply want to reduce our discussion to a comparison of
searching the Web with searching within an organisation Ð other types
of search include Web site search, database search, and desktop search
among others. Identifying the key features of each search type allows
a systematic comparison and these features can be characterised by
investigating a number of dimensions that reßect, for example:

¥ Generic properties characterising the document collection (e.g.,
scale of the collection, document formats)

1http://www.cs.rmit.edu.au/swirl12/



4 Introduction

¥ SpeciÞc structural and organisational di!erences (e.g., link struc-
ture, internal document structure, distribution of documents
across data silos)

¥ Individual document properties (e.g., time stamp, version num-
ber, metadata)

¥ Di!erent types of information needs (e.g., navigational searchver-
sus attempting to Þnd an expert in a particular subject)

¥ Di!erences between the target users (e.g., a heterogeneous set of
Web searchers on the one hand and on the other a clearly de-
Þned user population whose members have di!erent information
needs, interests and access rights according to their role within
the enterprise)

¥ The level of support needed (e.g., working out of the boxversus
requiring continuous support).

Unpacking these di!erences results in a fairly complex picture with
equally complex implications. To choose just one way of contrasting
enterprise search with related areas, we will see that while Web search
is aimed at high precision, in enterprise searchrecall is often at least
as important as precision.

Comparing and contrasting enterprise search with other search ap-
plications allows us to work out exactly what the fundamental features
of enterprise search are and, following from that, what needs to be done
in order to make enterprise search work. In short, we will identify the
importance of Ôputting the user in controlÕ, and present customisation
and continous tuning as essential requirements for those wishing to
maximise the value of their investment in a practical search solution Ð
in other words to avoid failure.

The survey aims to be a thoroughly compiled resource and a primer
for a range of interested readers as outlined earlier. References that of-
fer a more general entry point into enterprise search include [Mukherjee
and Mao, 2004] and [Hawking, 2010]. White approaches the problem
from the perspective of a manager who has been put in charge of enter-
prise search [White, 2007, 2015b]. Any publication on enterprise search
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exempliÞes a particular characteristic of the area, the fact that it is
di"cult to separate the fundamental technical challenges from organi-
sational and pragmatic considerations.

1.2 Examples

Enterprise search tools must provide support for many more functions
than simply indexing and query processing so that a basic search tool
will not be enough [Hawking, 2010]. To illustrate this we present some
introductory examples, all drawn from real applications in industry
and academia. Each of these highlights a number of core issues that
enterprise search has to deal with, including di!erent types of data
structures, access to data silos, the need for manual customisation, the
application of domain-speciÞc taxonomies, the varying user needs that
need to be catered for etc. One could also argue that none of the ex-
amples might be seen astraditional enterprise search implementations
which just shows what variety of problems need to be considered in
any speciÞc use case.

Some of the key concepts that we will encounter again areempha-
sized.

1.2.1 Reed

Reed Specialist Recruitment is part of Reed Global, which also includes
EuropeÕs biggest jobs Web site2 receiving more than 1.5 million job ap-
plications per month.3 Founded in 1960, Reed is a specialist provider
of permanent, contract, temporary and outsourced recruitment solu-
tions, and IT and HR consulting, with more than 3,000 permanent
employees working out of 350 o"ces worldwide. As part of a major IT
development programme the company moved to a new search frame-
work, accessible to sta! in local o"ces and centrally, that had to deal
with a mix of document repositories of varying structure including a
complex database consisting of millions of records (i.e.structured data)

2http://www.reed.co.uk
3http://www.flax.co.uk/wp-content/uploads/2015/07/

reed_case_study_oct2011.pdf
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as well as a database of CVs represented as ßat Þles in a multiplicity of
di!erent formats such as Microsoft Word and PDF (i.e. unstructured
/ semi-structured content). Most of the Þles are in English, but other
languages include Polish, Arabic and Chinese. Theopen-sourceApache
Lucene/Solr platform was chosen as the new search framework which
provides faceted searchand geospatial Þltering and ranking based on
complex business rules as well as customboost options. A custom-built
performance tester was built forcontinuous monitoring of the systemÕs
performance.

1.2.2 Australian National University

An example from academia is reported by Li et al. [2013] who inves-
tigate methods for federated searchat the Australian National Univer-
sity. Information at this university is available in a variety of formats
including structured databases such as a telephone directory, a course
catalogue, and a library catalogue. Furthermore,semi-structured doc-
uments are sourced from more than 500 di!erent Web servers.Email
lists, Þle shares, local Web servers and other resources add further in-
ternal repositories. The university also makes use of external services
such as Twitter, Facebook and YouTube. The individual sourcesvary
in size ranging Ôfrom quite small to more than a million documentsÕ,
in subject matter, and in language among other characteristics. In this
setting the creation of a central index is impossible due to the range of
sources andrestrictions on access. Instead, di!erent repositories need
to be accessed individually and then resultsaggregated. The authors
conclude that this setting is not just realistic for the chosen institution
but also for many others.

1.2.3 IBM

A number of studies looking at di!erent aspects of search within IBM4

have been published illustrating yet again the speciÞc problems aris-

4Obviously, it needs to be appreciated that many of the studies being published
by the research teams of large companies such as Microsoft and IBM might repre-
sent experimental applications and might never be the core engines underlying the
organisationÕs enterprise search application.
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ing in enterprise search. We will look into a number of these studies
throughout the survey but here we only focus on one aspect which is
people-focussed searches.5

Guy and colleagues investigateexpertise Þndingas a central infor-
mation need within an enterprise, i.e. Þnding people knowledgeable in
a given topic [Guy et al., 2013]. They explore enterprise social me-
dia applications and what makes this another typical enterprise set-
ting is the multitude of sources including blogs, wikis, forums, book-
marks, microblogs, communities, shared Þles, and people tags. Each
of the di!erent data sources turns out to cover a di!erent fraction of
the 400,000 employees within the organisation, ranging from around
20,000 to about 290,000 with the overlap among the individuals re-
trieved based on each application being very low so that each social
media application tends to identify di!erent people.

Another people-searching study using the internal tool ÔFacesÕ
demonstrates that enterprise people search should be considered a very
important tool for the workforce in a large enterprise [Guy et al., 2012].
Faces goes beyond expertise search and o!ers searching the name, or-
ganisation unit, management chain, phone number, email, o"ce loca-
tion etc. A rapid adoption was reported within the organisation gaining
tens of thousands of users per month.

1.2.4 GOV.UK

As a last example, we would like to introduce GOV.UK6, the Web site
of the UK government which o!ers a single access point to information
and services for citizens and businesses, guidance for professionals as
well as information on government and policy. This is an example ofsite
search rather than enterprise searchand it illustrates the point that

5We would like to refer to a concern raised by Treem and Leonardi who review
the use of social media in organisations and who observed that a disproportionate
number of studies referenced in their review are the result of research conducted at
IBM and involving that organisationÕs employees simply because they are among
the most active in publishing work on social media use in organisations [Treem and
Leonardi, 2012]. We note the same is true for research published on enterprise search
developments.

6http://www.gov.uk
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di!erent search areas, such as site search, Web search and enterprise
search, share some properties but di!er in others. GOV.UK indexes
about 300,000 items of content and about 250,000 downloadable Þles7

all driven by Elasticsearch8. These documents are reported to originate
from 870 di!erent organisations9 covering 140 di!erent formats10. Is-
sues to be tackled includeduplicated pages which might be identical
or older versions11. The di"culty in Þnding the right information has
led to the conclusion that a taxonomy covering the entire content of
GOV.UK needs to be developed12 and that tagging13 content needs
to be an integral part of the publishing process. The use ofÔbest betsÕ
makes sure that some Þxed results will always be at the top of the
result list for certain queries.14

This example demonstrates clear di!erences to Web search (e.g.,
the size of the collection, the use of hard-coded matching, control over
the publishing process), and close similarity with many of the features
observed in the three enterprise search examples. Nevertheless, in con-
trast to enterprise search, it is also worth pointing out that there was
no mention of email search, or ofaccess control issues. In addition to
that, all the content on GOV.UK is actually intended for publishing
rather than just being deposited.

7https://insidegovuk.blog.gov.uk/2016/12/05/
gov-uks-content-operating-model-whats-next-after-discovery/

8https://insidegovuk.blog.gov.uk/2014/06/13/
how-gov-uk-site-search-works/

9https://insidegovuk.blog.gov.uk/2014/05/12/
new-search-results-page-design-unified-search/

10 https://insidegovuk.blog.gov.uk/2017/01/09/
formats-and-templates-whats-the-difference/

11 https://insidegovuk.blog.gov.uk/2013/06/12/
duplicate-titles-in-site-search/

12 https://insidegovuk.blog.gov.uk/2017/03/21
/presenting-our-new-taxonomy-beta/

13 https://insidegovuk.blog.gov.uk/2017/04/18/
making-tagging-part-of-publishing/

14 https://insidegovuk.blog.gov.uk/2014/06/13/
how-gov-uk-site-search-works/

https://insidegovuk.blog.gov.uk/2016/12/05/gov-uks-content-operating-model-whats-next-after-discovery/
https://insidegovuk.blog.gov.uk/2016/12/05/gov-uks-content-operating-model-whats-next-after-discovery/
https://insidegovuk.blog.gov.uk/2014/06/13/how-gov-uk-site-search-works/
https://insidegovuk.blog.gov.uk/2014/06/13/how-gov-uk-site-search-works/
https://insidegovuk.blog.gov.uk/2014/05/12/new-search-results-page-design-unified-search/
https://insidegovuk.blog.gov.uk/2014/05/12/new-search-results-page-design-unified-search/
https://insidegovuk.blog.gov.uk/2017/01/09/formats-and-templates-whats-the-difference/
https://insidegovuk.blog.gov.uk/2017/01/09/formats-and-templates-whats-the-difference/
https://insidegovuk.blog.gov.uk/2013/06/12/duplicate-titles-in-site-search/
https://insidegovuk.blog.gov.uk/2013/06/12/duplicate-titles-in-site-search/
https://insidegovuk.blog.gov.uk/2017/03/21/presenting-our-new-taxonomy-beta/
https://insidegovuk.blog.gov.uk/2017/03/21/presenting-our-new-taxonomy-beta/
https://insidegovuk.blog.gov.uk/2017/04/18/making-tagging-part-of-publishing/
https://insidegovuk.blog.gov.uk/2017/04/18/making-tagging-part-of-publishing/
https://insidegovuk.blog.gov.uk/2014/06/13/how-gov-uk-site-search-works/
https://insidegovuk.blog.gov.uk/2014/06/13/how-gov-uk-site-search-works/
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1.3 Perception and Reality

The heterogeneous structure and variety of formats of underlying data
sources turns out to be a particularly prominent feature of enterprise
search but there are other such features that make searching in an en-
terprise stand out. For example, a ÔtypicalÕ non-enterprise search sce-
nario might be characterised by a user trying to Þnd a document that
contains some relevant information, but a more common use case in an
enterprise is the search for people who have the right expertise and a
simple reason for that might be to avoid spending time and resources on
work that has already been conducted within the organisation [Hertzum
and Pejtersen, 2000].

With these motivating examples in mind let us step back a bit and
look at the extent to which search and Þndability actually a!ect an
everyday worker within an organisation. According to the most recent
ÔEnterprise Search and Findability SurveyÕ15, two thirds of responding
organisations state that more than half of their employees depend upon
good Þndability of information in their daily work [Findwise, 2016]. We
conclude that enterprise search is not anice-to-have but an essential
requirement to work e!ectively within an enterprise context. Note that
this need is in contrast to the perception of actual enterprise search
users, as in the same survey almost half of the respondents expressed
they are dissatisÞedor very dissatisÞedwith existing search applica-
tions within their organisation. This discrepancy is also highlighted
by another major enterprise search survey conducted by the Associ-
ation for Information and Image Management (AIIM) 16 which found
that while almost three quarters of organisations polled expressed that
search is vital or essential, hardly more than ten percent actually have
an enterprise search capability in place that allows search across the
organisation, a number that is consistent across di!erent sizes of organ-

15 The Enterprise Search and Findability Survey is an annual survey of enterprises
conducted by Findwise focussing on the state of play of search and Þndability within
enterprises. While the overall objective is to observe trends across years the questions
asked are not identical every year. This is also the reason why we reference three
di!erent surveys as they each provide insight into di!erent aspects in addition to
the overall picture.

16 http://www.aiim.org/

http://www.aiim.org/
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isations [Miles, 2014]. Obviously, not much has changed then in more
than 15 years [Feldman and Sherman, 2001].

1.4 Recent Developments

Despite this monograph approaching the topic from an academic per-
spective, we do want to o!er a glimpse into the enterprise search mar-
ket. What is remarkable is the rapid change in the enterprise search
landscape in recent years. To illustrate the point, David HawkingÕs
milestone publication [Hawking, 2010] lists a broad range of enter-
prise search software systems but hardly any of them are still avail-
able, most prominently GoogleÕs Search Appliance (GSA) is now being
retired17, FAST Search & Transfer has disappeared once acquired by
Microsoft, Autonomy was taken over by HP, Vivisimo was acquired
by IBM and so on. Companies like Funnelback18 on the other hand
have become more prominent providers of enterprise search solutions,
and a number of new vendors such as Sinequa19, Coveo20 and Mind-
breeze21 have appeared. The biggest shift has however been the rise in
open source solutions. Elasticsearch22 and Apache Lucene/Solr23, both
based on the Apache Lucene24 library, have developed into powerful
tools that are widely applied. Bloomberg, for example, does not just
deploy Apache Lucene/Solr in over 100 of its applications but the com-
pany also actively engages in the community by committing code.25

Enterprise search is a core part of these applications.26 More broadly
speaking, the deployment of open source code has become mainstream.
For example, in an attempt to create a level playing Þeld between pro-

17 http://fortune.com/2016/02/04/google-ends-search-appliance/
18 https://www.funnelback.com
19 https://www.sinequa.com
20 http://www.coveo.com
21 https://www.mindbreeze.com
22 https://www.elastic.co/products/elasticsearch
23 http://lucene.apache.org/solr/
24 http://lucene.apache.org
25 http://www.bloomberg.com/company/announcements/

open-source-at-bloomberg-expanding-our-engagement-with-solr/
26 http://www.bloomberg.com/company/announcements/

open-source-bloomberg-solr-work-enhance-enterprise-search/

http://fortune.com/2016/02/04/google-ends-search-appliance/
https://www.funnelback.com
https://www.sinequa.com
http://www.coveo.com
https://www.mindbreeze.com
https://www.elastic.co/products/elasticsearch
http://lucene.apache.org/solr/
http://lucene.apache.org
http://www.bloomberg.com/company/announcements/open-source-at-bloomberg-expanding-our-engagement-with-solr/
http://www.bloomberg.com/company/announcements/open-source-at-bloomberg-expanding-our-engagement-with-solr/
http://www.bloomberg.com/company/announcements/open-source-bloomberg-solr-work-enhance-enterprise-search/
http://www.bloomberg.com/company/announcements/open-source-bloomberg-solr-work-enhance-enterprise-search/
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prietary and open source software, the UK Government IT strategy27

explicitly states that government will procure open source solutions
where appropriate given that Òopen source presents signiÞcant oppor-
tunities for the design and delivery of interoperable solutionsÓ [Cabinet
O"ce, 2011].

1.5 Outline

As part of plotting the landscape we will Þrst look at the changing
face of search in Chapter 2 before deÞning enterprise search and then
contextualising it with many other common search applications, such
as general Web search and more specialised applications like patent
search. This analysis should o!er useful insights into the di!erent types
of search areas and goes beyond enterprise search. As such the mapping
of the search landscape into some form of Ôfeature vector of search
applicationsÕ should be a self-contained chapter which can be used as
an easy reference and overview of where enterprise search Þts within
the bigger picture.

The second part will be dedicated entirely to enterprise search. We
decided to split the discussion into four main chapters.

Chapter 3 starts by providing a systematic overview of what de-
Þnes enterprise search. We drill down into the actual characteristics by
adopting a topical structure that should allow the reader to easily refer
back to the discussion that contextualises enterprise search within the
broader world of other search applications in Chapter 2. This chapter
is meant to be a survey of the academic literature providing a solid
account of the state of the art in the Þeld while also highlighting issues
around enterprise search that need to be addressed properly in order
to make it work successfully.

Chapter 4 is devoted to the discussion of how to evaluate enter-
prise search. We present commonly applied metrics and evaluation ap-
proaches and contrast them with other areas of search. In line with the
previous chapter, we will again highlight the fundamental di"culties
emerging from evaluating enterprise search applications.

27 https://www.gov.uk/service-manual/making-software/open-source.html

https://www.gov.uk/service-manual/making-software/open-source.html
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Chapter 5 then picks up the issues and di"culties identiÞed in
Chapters 3 and 4 in a less theoretical and more practical discussion
of what can and needs to be done to fully exploit the potential of en-
terprise search. This is the chapter that we expect to be of most interest
to the practitioners among our readers while at the same time o!ering
our academic readership an understanding of why enterprise search so
often fails to perform.

Chapter 6 will look at current and future developments in this ex-
citing application area and also identify a number of research directions
that are emerging from the survey. We conclude in Chapter 7.



2
Plotting the Landscape

2.1 The Changing Face of Search

It seems like a long, long time ago that Vannevar Bush developed
his ideas of how to make collective knowledge automatically accessi-
ble based around a device he called a ÔmemexÕ in which Òan individual
stores all his books, records, and communications, and which is mecha-
nized so that it may be consulted with exceeding speed and ßexibilityÓ,
yet when he talks about how one might use this framework to explore,
for example, the di!erences between the short Turkish bow and the
English long bow one gets a feel that he is actually talking about the
construction of knowledge graphs as they are now applied in any mod-
ern Web search engine [Bush, 1945]. It is fascinating how the Þeld of
ÔsearchÕ has changed so dramatically over what is really a fairly short
period of time compared to other scientiÞc disciplines or research areas.

For decades search applications followed the CranÞeld approach of
single-shot queries resulting in a list of documents that could then be
assessed for their relevance to the original query [Cleverdon, 1997]1.
Pushed by the emergence of the World Wide Web the Þeld has only

1This is a more readily available reprint of the original paper published in 1967.

13
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fairly recently diversiÞed, almost beyond recognition, with more sophis-
ticated approaches to search emerging so quickly that we take many
features for granted which have not actually been around for long,
e.g. even knowledge graphs have only found their way into mainstream
search engines a few years ago, speech-driven search and autocomplete
are other such examples.

Enterprise search is just one of many search areas that reßects these
changes. However, despite rapid developments in search engine technol-
ogy there is a mismatch with the actual application of this technology
in an enterprise context on the ground with a large proportion of end
users still being dissatisÞed with existing search applications, most no-
tably in larger organisations of 1,000 or more employees [Findwise,
2014]. To understand this discrepancy we will need to drill down to the
underlying issues.

2.2 DeÞning Enterprise Search

Enterprise search technology goes back a long time Ð relative to Web
search Ð all the way to the 1960s when it became necessary to search
large databases of scientiÞc, commercial and legal information and to
provide support for legal teams involved in some large anti-trust suits
[White and Nikolov, 2013],[Bourne and Hahn, 2003, p.101-139]. De-
spite this relatively long history it remains hard to properly deÞne
enterprise search. The di!erent factors that play a role make it di"-
cult to come up with a solid, comprehensive deÞnition. Hawking keeps
the scope quite broad by referring to enterprise search as the Òapplica-
tion of information retrieval technology to information Þnding within
organizationsÓ [Hawking, 2010] and then elaborates that this may be
interpreted as search over digital textual content owned by an organi-
sation such as the external Web site, the company intranet, as well as
emails, database records and shared documents. The AIIM deÞnes it
as the Òpractice of identifying and enabling speciÞc content across the
enterprise to be indexed, searched, and displayed to authorized usersÓ.2

Here is yet another deÞnition provided by White [2015b]:

2http://www.aiim.org/What-is-Enterprise-Search

http://www.aiim.org/What-is-Enterprise-Search
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Enterprise search is a managed search environment that enables
employees to Þnd information they can rely on in making deci-
sions that will achieve organizational and personal objectives.

While it is by no means intended to be capturing all aspects of enter-
prise search it does highlight a number of key concepts that appear to be
core to enterprise search includingemployees, making decisions, orga-
nizational objectives, and personal objectives. The picture that emerges
is that of an area that is deeply rooted in business processes and re-
quirements which excludes, for example, typical Web search scenarios
such as searching/browsing for entertainment.3

However, we do go a step further and broaden the scope of what we
consider to be included in enterprise search. First of all, we do want to
include search over an organisationÕsexternal Web sitesince this may
be critical to the business of the enterprise. A lot of information for
employees might only be published there. Examples of external-facing
information useful internally include course and scholarship informa-
tion in a university, job vacancy information for a government agency,
and published terms, conditions and rates for a bank. As an implica-
tion of widening the scope we also include all the users of the enterprise
search system and not just employees, e.g. students in a university even
though they may only have access to limited subsets of the universityÕs
internal repositories, and customers that search for documentation on
an organisationÕs Web site, e.g. for product manuals. We furthermore,
include intents that are not directly related to making decisions, e.g.
to collect background information.

Figure 2.1 sketches a typical enterprise search architecture that
highlights some speciÞc characteristics including the heterogeneity of
data sources, the central role that security (via access control) plays,
the need for customisation and the overall fairly complex setup. The
architecture we adopt here makes the assumption that enterprise search
is a single application, and some argue that the aim is indeed to have a
single interface that allows users to access all available repositories re-
sulting in an aggregated list of results. e.g. [van der Lans, 2013, Grefen-

3Even in a social media platform embedded in an enterprise it was found that
information needs exceed entertainment and social factors [Guy et al., 2016].
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Figure 2.1: Typical enterprise search architecture
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stette and Wilber, 2010], but this architecture also runs some high risks
which is partly the reason why White stresses the ßexibility of enter-
prise search when deÞning it as amanaged search environmentthat
can easily contain a multitude of individual search applications as long
as it is guaranteed that the employee does Þnd the information he or
she needs [White, 2015a].4

If we go beyond the purely technical architecture and identify those
parts where the system needs to be managed and maintained and where
content is being created or needs to be managed (see Figure 2.2), the
picture gets even more complex. One of the observations to pick out
here is the fact that there are many di!erent roles and the interplay
between these di!erent people is critical to the success of an enterprise
search application. We will not discuss these roles here but will get back
to three of them Ðadmin team, domain expertsand search developersÐ
in Section 2.5.6 when comparing what support is needed in enterprise
search compared with other search application areas.

We will now compare and contrast enterprise search with other
types of search by shortly introducing the di!erent areas with the view
of contextualising them before providing some concluding remarks.

2.3 Related Search Areas and Applications

It will have become quite clear by now that enterprise search is nei-
ther a niche area nor does it come with a handful of speciÞc features
that allows us to clearly separate such applications from other types
of search. It is much more an area that picks and chooses approaches
and then brings them together in a rather heterogeneous framework.
In addition to that, there is a lot of overlap and fuzzy boundaries with
other areas. In order to deÞne the overlaps and draw the boundaries
(no matter how fuzzy they are) and to uncover the distinct character-
istics of enterprise search we will Þrst provide a broad review of related
search areas. We will look at the academic literature but also keep in
mind a practitionerÕs angle.

4Obviously, success can never really be ÔguaranteedÕ as if there are twenty di!er-
ent search interfaces, an employee might never search all of them and may often fail
to search the repository that actually has the answer.
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Figure 2.2: Adding people to a typical enterprise search architecture
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There is obviously more than one way of classifying the related
work. Ideally one would pick a speciÞc dimension, such as the type
of data or speciÞc use cases at hand, and compare and contrast the
research areas as deÞned by di!erent instances of this dimension, but
given the heterogeneity of the Þeld we will be slightly less formal. We
will Þrst review any search areas and applications that are closely re-
lated to enterprise search be it that they are deÞned bywhat is being
searched, e.g. Web search, desktop search and database search, or what
the actual applications are, such as expertise search and e-discovery. We
will then look at two speciÞc searchtechniquesthat are essential build-
ing blocks of any modern enterprise search architecture but are also
commonly applied elsewhere Ð faceted search and federated search.

Following on from this discussion we will extract a broad range of
features along di!erent dimensions that will allow us to more formally
work out what enterprise search shares with other Þelds and how it
di!ers. We will use tabular representations to do that.

In order to keep the monograph focussed we decided to exclude
altogether a detailed discussion of any research areas that are not pri-
marily concerned with search. This includes some fundamental textual
processing steps that search applications are commonly based on. Much
progress has recently been made in natural language processing, topic
modelling and content analysis, for example, and text mining tech-
niques have found their way into mainstream enterprise applications
[Upshall, 2014]. Zhai and Massung actually see the two Þelds of infor-
mation retrieval and text mining as the two core ingredients of a text
information system which includes not just data access but also cate-
gorisation, clustering, topic modelling, summarisation and other types
of analysis [Zhai and Massung, 2016].

2.3.1 Web Search

Information retrieval has been around for more than 50 years but was,
despite its maturity as a research Þeld, for decades a narrow area of
interest restricted primarily to librarians and information experts, a
situation that changed almost overnight with the invention of the Web
[Berners-Lee, 1989]. Now searching the Web is by far the most common
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application involving information retrieval [Croft et al., 2010, p. 3].
The main trigger for the WebÕs popularity was however not just the
provision of the fundamental infrastructure but the freedom to publish,
i.e. the fact that suddenly anybody could publish their ideas and reach
millions. This was a paradigm shift and can be seen as the birth of a
new era in information processing and retrieval Ð thee-publishing era
[Baeza-Yates and Ribeiro-Neto, 2010, p. 3].

In sharp contrast to this characterisation of the Web the Ôfreedom
to publishÕ does not typically apply in an enterprise search context
where data is at least in parts curated, vetted and controlled (though
contents of Þle shares and emails are two common cases for which this is
not true). On the other hand, Web search faces some problems that are
similar to the problems enterprise search applications have to deal with.
Examples include distributed data, data duplication (up to 30% of Web
pages are reported to be duplicates or near duplicates), unstructured
data, and heterogeneous data; while volume of data and data quality
point at more Web-speciÞc problems [Baeza-Yates and Ribeiro-Neto,
2010, p. 449]. We will discuss these underlying problems in more detail
later once we have plotted the search landscape that will allow us to
contextualise enterprise search in respect to related areas.

Web search can be a fallback strategy to Þnd content not found
on Web sites, in intranets or in the enterprise if users are faced with
a poor information architecture, e.g. [Lund and ¯rnager, 2016]. Many
who have tried to Þnd content on an intranet or enterprise system that
has a public-facing component will have tried to Þnd thelocal content
through a Web search engine and often this might even have been
quicker and more accurate in Þnding the information.

2.3.2 Site Search and Intranet Search

Moving from Web search to Web site or intranet search might appear
like a simple scaling issue but it is a much more fundamental shift and
we are actually moving slowly into enterprise search territory.5

5We consider Web site search and intranet search as closely related, in fact in-
tranet search can be seen as a natural extension of site search in that intranet
search tends to access more than just the publicly available content that represents
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Going back a few years, Fagin and colleagues at IBM summarised
the key di!erences between anintranet and the internet as a set of
axioms, namely (1) intranet documents are often created for pure in-
formation dissemination as opposed to attract the attention of users;6

(2) many queries have a small set of correct answers Ð often only a sin-
gle one; (3) intranets are spam-free; and (4) large portions of intranets
are not search-engine-friendly [Fagin et al., 2003]. This is still largely
true, and these di!erences have implications on how users search but
also Ð perhaps more importantly Ð what algorithms that are commonly
employed in Web search work well and which ones do not.

The boundaries between site search, intranet search and enter-
prise search are often fuzzy, but as a rule of thumb one could as-
sume that site search usually indexesHTML documents whereas in-
tranet and enterprise search usually index a wider range of diverse
document formats and repositories.7 This means that algorithms that
work well for site search are based on similar techniques as applied in
Web search such as anchor text mining for query reÞnement [Kraft and
Zien, 2004] while at the same time relying on manual customisation
such as Ôbest betsÕ [Morville and Callander, 2010, p.89] or Ôsuggested
matchesÕ [Bao et al., 2012a], all of which are hard-coded links to map
common/important queries to speciÞc matches. We have already come
across a site search example that matches this description, the UK
government site GOV.UK as discussed in Section 1.2.4.

Kraft and Zien, experimenting on the IBM intranet, refer to their
setup as a Òlarge corporate intranet comprising a document corpus of
4 million unique HTML documentsÓ [Kraft and Zien, 2004].8 Now, this

a Web site. However, we do note that intranet repositories are typically larger, less
organised and more varied than many corporate sites [Pernice et al., 2007, p.11]

6We will expand on this in Section 3.2.4 where we will argue that often new doc-
uments might just be created and deposited without any intention to disseminate.

7Do note however that there are also plenty of examples of site search that involve
much more than HTML documents, for example amazon.com (searching a product
catalogue) or GitHub (searching code, user proÞles etc). The Þrst example could in
fact be treated as a speciÞc type of search in its own right Ð e-commerce search.

8Fagin and colleagues identiÞed about 50 million unique URLs when crawling the
IBM intranet but reduced this to 4.6 million by removing database queries, applying
de-duplication etc. [Fagin et al., 2003].
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has certainly changed in recent years and intranets are, unlike Web
sites, no longer a collection of HTML documents. Instead, a typical
intranet contains technical reports, white papers, spreadsheets, presen-
tations, marketing material, online forms etc [Morville and Callander,
2010, p.37]. Hence, PDF and O"ce documents tend to represent a much
larger share of the content than static HTML documents. If we now
also consider structured content, e.g. by adding search in an employee
directory, we will encounter all the typical enterprise search dimensions
such as search in data silos, research aggregation, presentation issues,
domain-speciÞc rules, etc. [Vaithyanathan, 2011].

In terms of general setup and challenges, we might conclude that
site search and intranet search are somehow speciÞc instantiations of
enterprise search in that they share similar problems like sparsity at
various levels, and which require similar solutions to work well (like
Ôbest betsÕ). Enterprise search however adds a few more challenges as
we will elaborate on a bit later.

A speciÞc aspect that makes site, intranet and enterprise search
di!erent from Web search is the fact that queries tend to be even
shorter overall. This is true for people search, e.g. a median of only
seven characters for each query submitted to the IBM enterprise people
search engineFaces[Guy et al., 2012]. It can also be observed in general
site search query logs. Web queries tend to be be growing in length from
around 2.35 words long on average, e.g. [Silverstein et al., 1998, Jansen
et al., 1998, Beitzel et al., 2004, 2007] to more than 3 words [Taghavi
et al., 2012], a trend that is likely to continue given the growing share
of speech-driven input Web search engines receive. Queries submitted
on intranets and to site search engines on the other hand are shorter,
e.g. 1.8 words on average for queries submitted to the intranet of the
UNÕs World Food Programme [Lund and ¯rnager, 2016], and 1.4 terms
according to the query logs of the corporate intranet of SwedCorp, a
large multinational manufacturing company with over 60,000 employees
[Stenmark, 2005b]. This Þgure has been shown to be consistent across
di!erent years [Stenmark and Jadaan, 2006]. A study of site search of
a university Web site observed an average length of 1.81 query terms
[Kruschwitz et al., 2013], and here as well we can see that this result is
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consistent with a study conducted about ten years earlier on the same
site (average query length of 1.72) [Kruschwitz, 2003].9

The same appears to be true for sessions. The logs analyzed by
Kruschwitz et al. [2013] contain on average 1.53 queries per session,
compared to 2.02 queries per session on average on anAltaVista log
[Silverstein et al., 1998], 2.8 for anExcite log [Jansen et al., 1998]
and 2.31 as the average number of queries per session submitted to
the meta-search engineDogpile (using a comparable session deÞnition)
[Jansen et al., 2007]. Interestingly, another study of a local Web site
has also come to the conclusion that sessions are shorter than general
Web search sessions: on average 1.73 queries were submitted per session
to the Utah government Web site [Chau et al., 2005]. Shorter sessions
than what is typical for Web search have also been observed when
analysing the logs of a people search engine with 78% of all sessions
consisting of a single query and an overall average of 1.64 queries per
session [Weerkamp et al., 2011].

In line with Fagin et al.Õs axioms mentioned earlier, there is agree-
ment that Web sites and intranets can be di"cult to navigate, partly
due to their static and possibly idiosyncratic organisation, e.g. [Karim
et al., 2009, Berendt and Spiliopoulou, 2000]. Supporting this Þnding,
a longitudinal study of retrieval technology on a fair number of Ger-
man and Swissexternal Web sites assessed according to more than 70
individual tests addressing result quality, index quality, user interface
and user interaction found that many Web sites do not meet many of
the requirements set out. On top of that no substantial improvement
was found over the years [Mandl et al., 2015].

Stepping back a little bit from the academic and technical side and
looking at the practical issues, White concludes that the skills needed
to support Web site search are the same as those for internal enterprise
search [White, 2015b].

9Unlike Web search queries that tend to get longer, enterprise search queries
can be expected to get even shorter with the growing search support via Þlters and
facets, but only if we do not treat Þlters and facet speciÞcations as part of the
actual query. We should also note that the (now) wide-spead use of auto-completion
suggestions will almost certainly have an e!ect on the length of submitted queries.
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2.3.3 Desktop Search / Personal Information Search

A further step to scale down the document collection is to move from
Web search via Web site search to desktop search (also referred to as
personal information access) which is understood to be the process of
searching within a personal space, e.g. a desktop, which includes search
in word processing documents, emails, visited Web pages etc [Elsweiler
et al., 2010]. Another view is to treat desktop search as the Òpersonal
version of enterprise searchÓ [Croft et al., 2010, p. 3]. There are indeed
a lot of similarities between the two, e.g. access to heterogeneous data
collections, and recall being possibly more important than precision in
a typical search scenario. However, it just o!ers a simpliÞed view as key
enterprise search concepts like user roles and document-level security
are largely absent from desktop search.

An interesting observation related to desktop search is that the
user context is readily available, represented, for example, by location,
activity, time, season, emotional state etc. [Dmitriev et al., 2010]. The
fact that contextual information is readily available together with the
client-side approach of desktop search allows a much richer and more
cohesive search experience as the application context can be used to
model the current search situation in some detail [White, 2016, p. 271].

Algorithms applied to personal information search will naturally fo-
cus on individual users and therefore address search patterns expected
from such users, e.g., reÞnding documents the user is already aware of
as proposed byStu! IÕve Seen(SIS) [Dumais et al., 2003]. The approach
provides a uniÞed index to documents visited on the Web, Þles on the
desktop, in email folders, etc. A study of 234 employees within a large
company (Microsoft) resulted in users accessing alternative search tools
less frequently after installing SIS. It also demonstrated that Þlters such
as date and person name provide important cues. Users indicated in
the post-installation questionnaire that SIS-like search services should
be an essential functionality on any computer.

An extension of desktop search that also incorporates external
sources commonly accessed by a searcher is Ôpersonal metasearchÕ
[Thomas and Hawking, 2008] or, framed within an enterprise context,
Ôworkplace searchÕ [Hawking, 2010].
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Note that important business information as well as email commu-
nications are very often hidden away on personal or shared drives rather
than added to business content management systems, e.g. when Þles
stored locally are not indexed by the enterprise search system [Feld-
man and Sherman, 2001] or when users store information in their own
private region of a common repository [Massey et al., 2014]. Forper-
sonal information access this might not be a major problem given that
users appear to still prefer navigation over search when accessing per-
sonal information management systems with search only being used as
a last resort when users cannot remember the Þle location [Bergman
et al., 2008]. However, as soon as documents need to be found by other
employees this strategy is likely to fail.

Looking at the big picture though, desktop searchwithin an en-
terprise is becoming less relevant as personal drives disappear, but it
certainly remains an interesting Þeld for personal information manage-
ment.

2.3.4 Database Search

The related search areas discussed so far are to a large extent concerned
with data collections that contain textual content in a largely unstruc-
tured format which need to be gathered/crawled and pre-processed be-
fore they can be searched. As a result of this, e!ective index structures
have been developed for Web search which are very di!erent from the
record and table structures in relational databases [Baeza-Yates and
Ribeiro-Neto, 2010]. Enterprise content however comes in a variety of
formats, much of it fully structured such as employee databases, cus-
tomer databases or databases holding product information. For such
structured records relational database management (RDBM) technol-
ogy has for decades been the backbone of any information system in
an enterprise.10

10 We will not dive into database technology as there are many textbooks that have
covered this Þeld extensively. We should also acknowledge that without a precise
deÞnition of Ôdatabase searchÕ we are opening a can of worms. For simplicity reasons
let us assume that issuing SQL queries is what we broadly understand here, but there
are obviously many alternatives such as full-text search on all records, searching
entities or searching metadata.
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Given that enterprise search applications need to access both un-
structured and structured content, RDBM systems form a very usual
and important source of data in such a setting. We are particularly in-
terested in how the gap between the two approaches is being bridged.

Two noticeable developments away from the strict RDBM frame-
work have started to make a signiÞcant impact in database technology.
One of them is the rise of various ßavours of NoSQL11 databases Ð scal-
able, typically distributed database systems that do not strictly follow
the relational model. They emerged with the need to scale beyond the
limitations that a relational database imposes, they work well with un-
structured data and it turns out that databases do not always need
all the features that a relational database o!ers [Leavitt, 2010]. While
principles like ACID (Atomicity, Consistency, Isolation, Durability) will
have to remain a core feature in applications that work with transac-
tions (e.g., banks and stock markets), there are many use cases which
work well without imposing these constraints [Pokorn#, 2013]. Search
(in cases where it is Ônon-mission-criticalÕ) is certainly a candidate for
the latter type.

The second development is that ofsearch-based applications(SBAs)
which are software applications that build on a search engine backbone
to access the content of traditional databases [Grefenstette and Wilber,
2010]. The motivation is very similar to NoSQL databases which in-
cludes the need to scale, the ease of access, the rapid response time,
and the observation that much of the complexity of a traditional RDBM
system might not be needed for many applications. In SBAs database
content is o"oaded into a format that can be indexed and processed like
search engine content12 with the additional advantage of the presence
of semantic structure derived from the database(s). Unlike NoSQL sys-
tems that might simply serve as the backend to a search engine, SBAs
aim at domain-oriented tasks like decision intelligence and discovery.

Database technology is also commonly being applied to help man-
age the search architecture. Fagin and colleagues, for example, devel-

11 Meaning ÒNot only SQLÓ or ÒNot RelationalÓ [Cattell, 2010].
12 Including basic natural language processing steps such as language detection, to-

kenisation and part-of-speech tagging but also more sophisticated semantic analysis
like named entity recognition, sentiment analysis and event extraction.
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oped the idea of asearch database system(SDBS) to assist in interpret-
ing and manipulating a user query [Fagin et al., 2010]. A keyword-based
query is mapped into a database of structured content based around
concepts and schemas that connect these concepts, database instances
over a schema then link concepts to actual resources such as Web pages,
documents, email messages etc. One way of embedding a SDBS in the
search framework is to map the query to the most speciÞc parse of
that input [Fagin et al., 2010]. Alternatively, this could be employed
to provide search administrators and domain experts with a way to
specify and customise rewrite rules that transform user queries into
revised interpretations [Fagin et al., 2011]. Faginet al. found this to be
a powerful and e!ective mechanism in the hand of administrators in
an intranet search context, and it maps directly into the typical record
structure of a RDMS.

We should also ßag up research that has been going on for decades
aimed at natural-language interfaces to databases [Popescu et al., 2003].
This is less commonly applied in an enterprise search setting.

2.3.5 Digital Library Search

Digital libraries are more than just an electronic version of a library
providing access to books, journals and multimedia content. They rep-
resent very complex information systems having to address search in
distributed, heterogeneous collections, accessing documents of varying
structure and adhering to access security constraints [Fox and Sornil,
2003]. All this hints at some striking similarities to enterprise search
although the typical content of a digital library catalogue lends it-
self much more naturally to some domain-independent classiÞcation
and annotation such as the Dublin CORE elements describing an elec-
tronic resource by properties like the title, the author, the publisher,
the date associated with the resource etc. [Weibel et al., 1998].13 At
Þrst sight, a digital library therefore appears to o!er a more consis-

13 This does not mean that a generic standard like Dublin CORE is not applicable
to enterprise settings. It has for example been used as a basis of a new metadata
standard for NASAÕs Jet Propulsion Laboratory (JPL) that is content-neutral and
application-neutral and which can be consistently applied to JPLÕs hundreds of
active repositories [Mathieu, 2017]
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tent structure similar to records in a RDBM system when compared to
enterprise search repositories which tend to be less homogeneous and
more domain-speciÞc. However, going beyond the structured metadata
of items in the digital library, the content itself might well be unstruc-
tured (just a PDF document, for example).

Access control is important for both application areas but in the
case of digital libraries this appears to be largely driven by copyright
issues whereas in an organisation access control is deÞned according to
an employeeÕs role.

An interesting problem that digital libraries and enterprise search
share is the need of multi-disciplinary expertise. Designers of digital
libraries are often library technical sta! with no formal training in
software engineering, or computer scientists without a background in
information retrieval which ultimately results in implementations that
do not appropriately acknowledge the state of the art in the di!erent
disciplines [Gon•alves et al., 2004]. Similarly, in enterprise search we
observe that search is typically managed by administrators who are
domain experts but not search experts and the question arises as to
how to incorporate both types of expertise appropriately [Bao et al.,
2012a,b].

2.3.6 E-discovery

E-discovery is closely linked to enterprise search and is an area of high
Þnancial impact [Hawking, 2010]. It describes Òthe process by which
one party (for example, the plainti!) is entitled to ÔdiscoverÕ evidence
in the form of Ôelectronically stored informationÕ that is held by another
party (for example, the defendant), and that is relevant to some matter
that is the subject of civil litigation (that is, what is commonly called
a ÔlawsuitÕ)Ó [Oard and Webber, 2013]. The scale of such processes
becomes apparent when considering that even early systems from the
late 1960s that dealt with litigation support activity already had access
to millions of documents as was the case for IBMÕs TEXT-PAC system
[Bourne and Hahn, 2003, p.126-130].

Such processes may also be carried out internally (auditing) to pre-
empt any such discovery or to be assured that certain regulations or
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laws are being adhered to. Internal auditing might include the identi-
Þcation of non-compliant behaviour, conÞdentiality breaches or fraud.
E-discovery and auditing can be summarised asdiscovery which forms
a major component of an enterprise search system according to the
AIIM Enterprise Search survey with 50% of respondents reporting that
they deal with internal compliance audits and 44% with pre-trial legal
discovery [Miles, 2014].

This is a growing Þeld and some of the characteristics are:

¥ The importance of both precision (to reduce unnecessary review
costs)and recall (all evidence needs to be discovered), on balance
however recall is the more important among the two metrics14

¥ A human in the loop who assesses the documents

¥ Potentially a large number of relevant documents, e.g. in the
TREC 2008 Legal track topics were developed to approximate
realistic e-discovery cases and in some such topics the number of
relevant document in the collection was higher than 100,000 and
even the number of documents judged as Ôhighly relevantÕ was
11,542on averageper topic [Oard et al., 2009].

E-discovery is therefore particularly interesting as it can Þrst of all
not really be separated from enterprise search and secondly, it further
accentuates some of the problems of enterprise search. It does however
apply mainly to larger organisations and within this scope primarily to
law Þrms and large legal departments.

The concept ofprovenanceis another example of discovery. Prove-
nance is concerned with tracking the history of an artefact or the pro-
cess by which it was created, all of which can also be applied to digital
data. In fact, provenance systems were historically the focus of research
in the database community [Carata et al., 2014]. Now, consider that
in the construction industry, for a large number of building projects in

14 Total recall is more like an idealised view as typically there is a trade-o! between
recall and e!ort [Grossman et al., 2016], and an acceptable recall level for e-discovery
and other technology-assisted review applications might be in the region of 70-75%
[Blair and Maron, 1985, Cormack and Grossman, 2016].
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the United Kingdom the construction company has to hand over doc-
uments to the client once the project is completed enabling search and
reuse of the digital assets [Khan et al., 2016]. Given that these docu-
ments could easily be in the region of tens or hundreds of thousands,
the close similarity with e-discovery scenarios becomes apparent.

2.3.7 Patent Search

Patent search [Lupu and Hanbury, 2013] is another classical exam-
ple of recall-focussed search and with more than one million patent
applications submitted each year [Alberts et al., 2011] it is of huge
economic importance. It is one particular type of Ôprofessional searchÕ,
i.e. search that is conducted on a professional, paid basis [Tait, 2014].
Patent search also features prominently insomeenterprise search set-
tings [Hawking, 2010]. Patent search comes in di!erent ßavours but
typically follows a very rigid, structured approach making use of hier-
archical classiÞcation structures like the International Patent ClassiÞ-
cation (IPC) scheme [Gomez and Moens, 2014]. It shares this reliance
on structured knowledge with a typical enterprise search setting. In
addition, it can be seen as an extreme case of recall-oriented IR (com-
parable to e-discovery) and hence provides a close link to enterprise
search in general.

2.3.8 Expert and Expertise Search

Trying to Þnd an expert on a particular topic is an everyday task and of
particular importance within an enterprise context. However, standard
search engines are not ideal as they return documents and not people
and existing enterprise search solutions are reported to be very poor at
helping with expert and expertise search, complicated by the fact that
ÔexpertiseÕ is a loosely deÞned concept [Balog et al., 2012, p. 2-3].

Expertise seeking in an organisation setting as the activity of se-
lecting people as sources for consultation about an information need is
a very common activity, and people are commonly ranked higher than
other information sources, with workgroup colleagues and other nearby
co-workers being the most frequent sources [Hertzum, 2014].
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We should note that what seems to be a very narrowly deÞned
task o!ers quite a broad range of approaches. To pick a more extreme
example, the search of recruitment professionals (to Þnd people with the
expertise required to Þt a speciÞc job description) is characterised by a
strong reliance on Boolean operators, lengthy search sessions, di!erent
notions of relevance compared to Web search and the use of speciÞc
domain knowledge [Russell-Rose and Chamberlain, 2016].

It turns out that expert and expertise search requests cover a fair
proportion of information needs found within an enterprise and this
warrants a more in-depth discussion later on.

2.3.9 Social Media Search

The massive growth of user-generated content and the formation of
communities that share such content has triggered the need for new
search algorithms which address social-media-speciÞc concerns such as
vulnerability to spam 15, short lifespan of articles and locality of interest
[Santos et al., 2012], issues that make social media search interesting
but also a challenge. Obviously, social media search can mean di!erent
things. For example, searching public tweets for news is di!erent to or-
ganisations searching for customer feedback on public tweets, employees
searching internal forums or Slack16 channels for information etc. All
this would be considered types of social media. Despite the potential of
exploiting social media within enterprises there is still relatively little
uptake of it which is why we only provide a short discussion of this
rather multi-faceted Þeld here.

User-assigned tags and search within communities are central to
social media search [Croft et al., 2010, p. 401-412]. Obviously, there is
a major di!erence to enterprise search where user-generated content
is typically limited and vocabularies to assign any metadata are con-
trolled centrally within an enterprise. A further point to note is the
fact that social media communities tend to be joined by choice but

15 Due to the signiÞcance and scale of various types of spam which are constantly
being adapted to recent trends in search technology an entire research area referred
to as adversarial information retrieval has emerged [Castillo and Davison, 2011].

16 https://slack.com/

https://slack.com/
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the place within an enterprise ÔcommunityÕ is deÞned by the role(s)
the user is assigned to. With this background mass participation can-
not simply be taken for granted [Han et al., 2015]. However, if social
media is actually adopted by a large user base, as reported for IBMÕs
Dogear social bookmarking service, then signiÞcant improvements in
terms of precision can be obtained over a standard enterprise search
engine by incorporating user annotations and page popularity [Amitay
et al., 2009].

There is certainly potential in adopting ideas of social media search
for the enterprise considering the di"culty of Þnding the right informa-
tion and the wide-spead tacit knowledge in organisations [Treem and
Leonardi, 2012, Mukherjee and Mao, 2004, Baumard, 1999] that can
potentially be utilised in collaborative search e!orts, and social me-
dia is gaining popularity within the enterprise [Guy et al., 2013]. In
fact, social media adoption within organisations, via blogs, wikis, so-
cial tagging and microblogging, is occurring at a rapid pace [Treem and
Leonardi, 2012] and can attract wide use among employees, e.g., [Mark
et al., 2014]. However, it has also been argued that Ôsocial intranetsÕ
will only work if there is a need for collaboration and that ultimately
most enterprise social networking platforms fail [Mergel, 2016]. Man-
agement support and training are identiÞed as crucial factors to avoid
such problems.

Despite some rapid changes we still have to conclude that so far
search in an enterprise still remains largely a solitary exercise [White,
2015b].

2.3.10 Other Areas of Search

There are many other areas of search that aim to address one or more
core problems also found in enterprise search. We only provide a glimpse
into some of these areas.

Personal lifeloggingdata presents an interesting mix of structured
and unstructured information. On the one hand there is a lot of meta-
data such as time and location for any recorded item (such as an im-
age) but on the other hand this generates huge archives of personal
data (e.g. images taken in frequent intervals in the order of minutes or



2.3. Related Search Areas and Applications 33

seconds over long periods of time), data with no manual annotations,
no semantic descriptions, often raw sensor data [Gurrin et al., 2014].
For example, at the time the article appeared, one of the authors (Gur-
rin) had accumulated 14 million automatically-captured images of life-
experience, along with time-aligned sensor data. All this shows some
resemblance with large portions of enterprise data, e.g. scanned images
and drawings which have no explicit internal structure but come with
some metadata annotations. The challenges of turning unstructured
data into semantically interpretable data are similar.

Trying to link a medical record to the relevant academic biomedical
literature or to past cases has long been identiÞed as an interesting
search application [Frisse, 1988]. Looking at it through our enterprise
search eyes this use case has similarities with trying to Þnd the right
expertise on a particular project an employee is working on [Hertzum
and Pejtersen, 2000]. The TREC Medical Records Track framed this
problem as trying to enable semantic access to the free-text Þelds of
electronic health records [Voorhees, 2013]. These records do have free
text but also have annotations such as discharge diagnosis codes, i.e.
not that dissimilar to domain-speciÞc taxonomies in enterprise settings.
There is more similarity: the track organisers conclude that the lan-
guage used within health records is su"ciently di!erent from general
use to warrant domain-speciÞc processing.

The move away from returning documents to returning answers is
the idea of question-answering(QA) systems and while QA systems
have a fairly long history [Prager, 2007] they have only recently at-
tracted much wider attention not least through the development and
publicity of IBM Watson [Ferrucci et al., 2010]. In addition to that,
state-of-the-art search engines now include QA features to answer large
fractions of queries. For example, given the query ÒHow many member
states are there in the EUÓ, both Google and Bing return structured
output containing the correct result ahead of any documentscontaining
the answer. The application of QA system within an enterprise beyond
the identiÞcation of employeesÕ contact details could o!er real beneÞt.

Recent research has also looked at trying to predict search intent
of queries submitted to a site search engine (internal search) based
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on referral information coming from a Web search engine (external
search) [Ortiz-Cordova et al., 2015]. The authors investigateexternal-
to-internal search but also acknowledge that users might leave the inter-
nal site, then go to an external search engine to locate speciÞc content
on the internal site and then return, a scenario that is very applicable
to enterprise search if this includes search over publically available site
content.

2.4 Search Techniques

Having reviewed di!erent search areas and applications we also want to
introduce two searchtechniquesthat have emerged as dominant search
paradigms in enterprise search as well as in Web search and elsewhere.
These techniques exploit document properties (faceted search) or the
distributed nature of data sources (federated search), respectively.

2.4.1 Faceted Search

Faceted search (or guided navigation) relies on data that is partially
structured [Tunkelang, 2009]. This structure is realised by document
facets Ð orthogonal sets of categories Ð examples of which could be
the document type, the date of creation, the language used in the
document, other possible facets are derived from classiÞcations like
domain-speciÞc taxonomies. Faceted search was Þrst proposed as a way
to search and explore large collections of images as a way to overcome
limitations of the then dominant keywords-based and similarity-based
interface types [Yee et al., 2003]. Faceted navigation has (in 2010) been
described as the most signiÞcant search innovation of the past decade
[Morville and Callander, 2010, p.95].

Given that enterprise search tends to access domain-speciÞc data
from heterogeneous data silos with a range of inherent structure faceted
search appears to be a particularly good Þt to access the data. While
faceted search has become the main tool to Þnd known items within
an enterprise [Muchemi and Grefenstette, 2016], its uptake varies, e.g.
comprising only 2.7% of all searches conducted among engineers in an
oil and gas enterprise context [Cleverley and Burnett, 2015b].
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Faceted search o!ers a way of rapidly conveying quantitative in-
formation such as the number of documents published in a particular
month or the number of documents by a particular author, but it does
not naturally represent more complex and more ÔqualitativeÕ relation-
ships as might be important in an enterprise context. For example,
when exploring contracts that a company has in other countries it
might be more important to identify the country that has the largest
average contractvalue than the one in which the largestnumber of con-
tracts exist [Ben-Yitzhak et al., 2008]. Ben-Yitzhak et al. extend tra-
ditional faceted search to allow the exploration of more complex data
models and to support correlated facets. Both these extensions aim at
providing business intelligence (BI) capabilities, more speciÞcally on-
line analytical processing (OLAP), to the world of textual queries over
semi-structured or metadata-rich data. Such analysis is traditionally
only supported by databases over structured data.

The taxonomies underlying faceted search do not necessarily need
to be hand-curated and they might well be automatically constructed
for a speciÞc document collection at hand [Muchemi and Grefenstette,
2016], and a hybrid approach that combines automatic techniques with
manually created resources has the potential of outperforming each of
the individual techniques, e.g. when identifying synonyms in a domain-
speciÞc document collection [Cleverley and Burnett, 2015a].

Faceted search may be even more useful if the source data is en-
hanced in some way, e.g. by named entity recognition, the search can
then be faceted by entity such as person name, place name, organi-
sation, email address, phone number etc. Ð a processing step that is
Þnding its way into enterprise search [Hawking, 2010]. Faceted search,
i.e. the provision of facets and metadata for the user to navigate and
Þlter results, is seen as an essential criterion to support exploratory
search [White and Roth, 2009].

2.4.2 Federated Search

Federated search has emerged as an important search paradigm when-
ever there are several di!erent textual collections that need to be
searched independently with results being merged and returned to the
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user. In a Web context this would allow a search engine to tap into the
content of a collection that cannot be crawled directly (e.g. as it might
form part of the deep Web) and it also allows the aggregation of results
coming from di!erent locations [Shokouhi and Si, 2011].

In enterprise search and site search data is often held in di!erent
repositories which lend themselves to federated search, or may simply
be impossible to index in a central index [Li et al., 2013]. Government
Web sites that provide access to material from di!erent agencies are
an example [Thomas et al., 2010]. Note that in an enterprise setting
federated search techniques do not just provide a suitable framework
for parallel search in multiple collections but it can be the only way to
provide a single access point to internal and external resources simply
because di!erent departments index their data silos in di!erent soft-
ware systems [Mukherjee and Mao, 2004]. In addition to the number
of di!erent applications that are typically searched in an enterprise
there tends to be the need that users have to be authenticated to ac-
cess these applications, which makes federated search very appealing as
authentication can happen centrally via an identiÞcation token that is
passed back and forth when accessing each individual application [Del-
gado et al., 2005]. However, human-resource-intensive maintenance and
crawling issues are among the potential drawbacks.

No matter what data collections are being indexed, there are gen-
erally three main challenges to be addressed by a federated search ar-
chitecture: the issue of selecting the right collections for a query at
hand (collection selection), the issue of keeping knowledge about each
individual collection ( collection representation) and Þnally the aggre-
gation of the results (result merging) [Shokouhi and Si, 2011]. Result
merging is perhaps the most di"cult as each system searched (even if
based on the same technology stack) will have di!erent and possibly
incomparable measures of relevance. Hawking adds another challenge,
that of translating the query into the query language accepted by each
federated service [Hawking, 2010].
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2.5 Contextualisation

By having surveyed related work in the wider area of search we are
now in a position to more clearly describe enterprise search as one
particular region in a multi-dimensional space of search applications.
For the sake of simplicity and generalisability we pick dimensions that
are in our view core characteristics of the di!erent Þelds and hence good
discriminators when contrasting di!erent areas. They are represented
as features whose values we pick to present atypical application in that
area. This sort of conceptualisation lends itself to some straightforward
tabular representation, and as a result these features allow us to easily
pinpoint each region in the broader space of search applications.

The tables are not meant to be deÞnitive as it should be possi-
ble for almost all dimensions/features to create some niche examples
that would contradict the abstraction we provide. Hence, we suggest
to treat the tables as those describing atypical scenario for the chosen
search context. There is of course a risk that these comparisons seek
to generalise the categories beyond what one would consider a sensi-
ble extent. This is a fair concern. Nevertheless, we attempt to equip
the reader with some tangible conceptualisations and hope that (taken
with a pinch of salt) these tables are a useful rough guide, or perhaps
the starting point for some heated discussions.

What are these features? We will look at data structures, infor-
mation needs, types of users, evaluation metrics, security considera-
tions, support and customisation, and a few others. Once we have set
the scene we can dissect enterprise search in more detail in the next
chapter. In the following we will narrow down the scope and limit our
discussion to those search areas that we Þnd provide the best way of
contextualising and contrasting enterprise search. We leave it as an ex-
ercise for the interested reader to complete the picture based on the
more detailed discussion earlier in this chapter.

2.5.1 Data

Data is a rather broad dimension as it includes, for example, data struc-
tures, data types, and data gathering. Let us start with data structure
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which can refer to the internal document structure, the organisational
structure of these documents, the structure of document repositories
etc. It would therefore not be unreasonable to represent them as several
orthogonal dimensions. Here we are only concerned with the internal
document structure but will dive into more detail in the following chap-
ter to look at other data structures of interest.

We will take a simple three-way classiÞcation that distinguishes
unstructured and structured data as the two extreme ends of a spectrum
with semi-structured data sitting in-between the two. We should of
course note that all data has some structure, whether it is explicit or
implicit and often the real challenge is that underlying structure may
be hidden in the data or even in the representation [Allan et al., 2012].

The type of structures in enterprise search tend to cover the full
spectrum from unstructured to structured data. To be more precise, we
refer to structured data as anything that comes with an explicitly im-
posed structure such as records in a relational database (e.g., customer
records, phone book entries, spreadsheets); we refer to anything that
comes with implicit structure which could be used to automatically in-
fer some ÔusableÕ structure17 (e.g., Web pages, emails, Word documents)
as a semi-structured document and we considerunstructured data as
such that does not lend itself to being mapped into a structured format
(e.g. a scanned document or an image without metadata). We leave this
deliberately under-speciÞed as we should also point out that there is no
commonly agreed consensus about these types, and Web pages, word
processing Þles and emails are quite commonly described asunstruc-
tured, e.g. [Mukherjee and Mao, 2004, Leavitt, 2010, Grefenstette and
Wilber, 2010]. This is a fair point and as long as the internal structure
is not being exploited documents like emails and Web pages should re-
ally be treated as unstructured, but structural information can and has
been used o!ering insights directly derived from that structure, e.g. in
Web search, for example by interpretingschema.organnotations, and
in email search, e.g. [Graus et al., 2014]. Hence, we consider both un-
structured and semi-structured content as being typical for Web search.

17 This could for example be the title of a document, the author or date which can
be mapped to attributes in a database structure [Croft et al., 2010, p. 2].



2.5. Contextualisation 39

Table 2.1 puts all this in context, and we see that enterprise search is
unusual in that all three types of structures represent a deÞning feature
of this search application area.

Table 2.1: Typical source data

Unstructured Semi-structured Structured
Web Search x x
Site Search x x
Desktop Search x
Database Search x
Enterprise Search x x x

The level to which the data repositories are managed is reßected in
Table 2.2. Large parts of enterprise search repositories can be assumed
to be curated but there are aspects of them that are not. For example,
many enterprise search applications might simply index Ôeverything on
the shared driveÕ and this is certainly not curated; people might then
assume the search engine itself will be able to Þgure out structure and
replace the function of a curator. We have already noted that intranets
and enterprise search applications are essentially spam-free which is a
result of the way the data is managed. Desktops are at least partially
curated as people organise their work in folders etc. The introductory
example of GOV.UK is a site search example that we consider fully
curated.

Table 2.2: Typical level of data curation

Largely/fully Partly Not
Curated Curated Curated

Web Search x
Site Search x
Desktop Search x
Database Search x
Enterprise Search x
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Another way of looking at the data is to assess the extent to which
the collection changes over time. This can vary a lot even within one
type of search application. Also, this reßects how quickly the data needs
to be reindexed which should not normally be the biggest problem to
solve. Having said this, we will get back to this issue when looking more
closely at data gathering in the next chapter.

More interestingly perhaps when comparing di!erent search areas
is the question as to how frequently the underlying data characteris-
tics can be expected to change, such as the main data structures, the
language(s) used in the documents of the repository, the types of doc-
uments, the data sources, etc. Here we Þnd that Web search faces a
constantly changing document collection with new characteristics be-
ing introduced all the time, while in enterprise search this happens less
frequently, it does however happen with the introduction of a new docu-
ment management system or a merger with another company [Manning
et al., 2008, p.134]. Once such change happens it is likely to require sub-
stantial customisation e!ort which is di!erent to the Web search case
in which changes will have be be dealt with largely automatically. See
Table 2.3 that puts this in context with other search applications.18

Table 2.3: Frequency of change in data structures

Never Infrequent Frequent
Web Search x
Site Search x
Desktop Search x
Database Search x
Enterprise Search x

2.5.2 Information Needs

Enterprise search environments feature a huge diversity between or-
ganisations not just in respect to quantity of information, number of

18 Just as a reminder, the tables are meant to represent typical cases, hence we
specify that database structures typically do not change once in production.
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repositories, number of document types, but also the nature of searches
conducted [Hawking, 2010]. This makes is di"cult to capture and clas-
sify typical information needs.

One way of capturing what a user is searching for is to adopt
BroderÕs classiÞcation of Web searches which is deÞned by three cat-
egories: navigational, transactional and informational [Broder, 2002].
Navigational requests aim at speciÞc pages (e.g. Ôbbc homepageÕ),
transactional queries are aimed at conducting a transaction (e.g. Ôtick-
ets for the Colchester Beer FestivalÕ) and informational requests are
more exploratory (e.g. Ôwhat to do in WivenhoeÕ). However, all three
types can also be found in enterprise search making it di"cult to dif-
ferentiate what distinguishes one search area from another.

An alternative approach is to classify typical information needs ac-
cording to their cognitive complexity, e.g. by mapping them into An-
derson and KrathwohlÕsTaxonomy of Learning which distinguishes,
for example, simple fact retrieval from analyzing and evaluating in-
formation [Krathwohl, 2002]. This has been applied to devise search
tasks of varying complexity, e.g. [Wu et al., 2012], but given the above-
mentioned variability of information needs across organisations makes
it di"cult to generalise.

The approach we take here is a rather pragmatic one Ð in line with
the applied nature of enterprise search. We adopt ten di!erent infor-
mation need categories that have been identiÞed as representing ten
common use cases with labels that should be familiar to most organi-
sations [White, 2015b, p.139-141].

Here is a short summary of each of them (listed in alphabetical
order):

¥ Analysis: looking for trends in performance requiring for example
a deÞned set of reports with potentially a substantial element of
numerical data; related to business intelligence

¥ Compliance: high recall tasks aiming at Þnding all critical infor-
mation on a particular topic

¥ Expertise: Þnding people with speciÞc expertise
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¥ Induction : Þnding information relevant for a new member of sta!
or an employee starting in a new role

¥ Item: Þnding a speciÞc document

¥ Learning: Þnding information on a topic that could be covered
by a broad range of terms (essentially an exploration scenario)

¥ Mobile: queries submitted from a mobile device19

¥ Monitor : a typical monitoring task where the search requirements
do not change much over time and the user needs to be informed
when new information becomes available

¥ Product: Þnding information on a speciÞc product with a near
miss essentially being a failure

¥ Task: supporting the user in performing a standard task such as
setting up a project team.

One observation worth pointing out here is that about half of these
examples represent the higher, i.e. more complex, levels in theTaxon-
omy of Learning. This indicates another inherent reason why enterprise
search is so di"cult. Table 2.4 depicts how common these use cases are
across other types of search. The results suggest that what can be con-
sidered common information need categories are overall much less well
represented in the other search applications we use for comparison.

2.5.3 Users

Users in an enterprise search setting are deÞned by their role, their
access rights and their position within the employee network across the
enterprise. Roles deÞne job functions within an organisation and users
can then be assigned to these roles [Hawking et al., 2005, Sandhu et al.,
1996]. This enterprise-speciÞc setting provides a contrast to most other
applications at hand here.

19 This appears to be a bit orthogonal to the other use cases as it is deÞned by the
type of device rather than the information needed but we include it for completeness.
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Table 2.4: Typical information need categories in enterprise search (an ÔxÕ means
that this category also represents a typical type of information need in the applica-
tion at hand)
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Web Search x x x x
Site Search x x x x x x
Desktop Search x
Database Search x x
Enterprise Search x x x x x x x x x x

Looking at it slightly more generally, one way of approaching a
comparison might be by deÞning di!erent user types or use cases. While
this is an interesting route to explore (and we will look at this in part in
the next chapter), we adopt a di!erent classiÞcation here representing
the typical size of the user base.

Table 2.5: Typical size of user base

Small Medium Large
Web Search x
Site Search x
Desktop Search x
Database Search x
Enterprise Search x

Enterprise search takes on the middle ground in this respect with
desktop search and Web search representing the extreme ends. Table
2.5 puts this in context with related areas. We should of course point
out that enterprises might have 100,000s of users which would hardly
count as a medium-sized user base but most do not have that large a
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number and we are more interested in making the case as a relative
comparison with other Þelds.

2.5.4 Security

Security is paramount in enterprise search. At an application level this
mainly concerns conÞdentiality, i.e. the provision of access to docu-
ments the user has a right to access according to his or her role in the
enterprise, which means that forbidden access to a document should
be prevented but it also means that preventing access to a document
a user should have access to needs to be avoided [Hawking, 2010, van
der Lans, 2013]. Such access is commonly controlled via Access Con-
trol Lists (ACL) granted at document-level which could be done via
late binding (checking access levels at query time) or early binding
(capturing the access level at indexing time) via caching. It would be
desirable to control access at a collection level by simply granting access
according to a userÕs role but the applicable security models typically
turn out to be more complex than that [Hawking, 2010]. Figure 2.1
identiÞes access control as a central component of the overall enter-
prise search framework. If type-ahead search suggestions are provided
when the user enters a query, the suggestions provided should also be
restricted according to the userÕs access level.

Table 2.6: Essential security requirements (at application level): ConÞdentiality
refers to the concealment of information or resources, i.e. making sure information
is not disclosed to unauthorised users. Integrity refers to the trustworthiness of
data or resources, i.e. users should not be allowed to make unauthorized changes.
Availability refers to the ability to use the information desired, i.e. the information
should be available whenever required by the user.

ConÞdentiality Integrity Availability
Web Search x
Site Search x x
Desktop Search x
Database Search x x x
Enterprise Search x x
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In Table 2.6 we compare and contrast which of the three commonly
used (basic) security requirements of conÞdentiality, integrity and avail-
ability [Bishop, 2003, p.3] are key features at the (search) application
level.

2.5.5 Evaluation Metrics

Information retrieval research has always had a strong experimental
element and the adoption of commonly accepted evaluation paradigms
(including evaluation metrics) has been integral to progress in the Þeld
[Baeza-Yates and Ribeiro-Neto, 2010, p. 131-176].

A plethora of metrics have emerged and been adopted over the
years, primarily measuring Ôretrieval qualityÕ. The two metrics that
have dominated at least the academic IR world areprecision and re-
call Ð representing the quality of returned results and the proportion
of matching documents that have been returned, respectively. Many
other measures are based on one or the other or a combination of both
(such as F-Measure).

Deciding for each search area which one of the two basic metrics is
the most ÔimportantÕ one risks simplifying the comparison too much.
However, given they are so fundamental to many of the standard eval-
uation measures and given they provide a suitable way of contrasting
di!erent areas using a simple check-list we do just that. Table 2.7 il-
lustrates that Web search with access to a large document collection is
typically precision-oriented while smaller collections (corresponding to
smaller user bases according to Table 2.5) appear to be more concerned
with recall Ð this includes enterprise search. This is not surprising given
that not Þnding a result when searching the Web might not be noticed
or not be an issue but not returning a set of known records or to not Þnd
all the matching content might be considered a failure in an enterprise
settingÐ especially for discovery purposes [Miles, 2014].

We would like to reiterate that the table is only an approximation.
There are Web search tasks that are clearly aimed at high recall, e.g.,
searching for medical information. There are also aspects of desktop
search that are precision-oriented, e.g., known-item Þnding of an old
Þle that the user knows exists. In fact, for every one of these, one could
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Table 2.7: Dominant standard IR metric

Precision Recall
Web Search x
Site Search x
Desktop Search x
Database Search
Enterprise Search x

create scenarios where it is either precision or recall focused. What we
have presented is a simple rule of thumb, and we refer the reader to
Chapter 4 which will discuss enterprise search evaluation at the level
of detail it deserves.20

2.5.6 Support

The type of di!erent actors and corresponding support involved in
a search application varies substantially. While a Web search engine
like Google relies on 20,000+ engineers to look after the system, in
enterprise search there is Òrarely more than one lonely person with
the responsibility for supporting the search application and making
sure that it is tuned to meet user requirementsÓ [White, 2015b], a
statement further supported by the most recent Findwise Enterprise
Search survey: less than half the organisations surveyed have more than
one full-time person in charge of search and Þndability [Findwise, 2016].
The problem with this is that without (continuous) search support
enterprise search does not perform.21

Support responsibilities might be distributed, in fact enterprise
search is typically managed by administrators who are domain experts

20 Database search is more di"cult to generalise. If search is over free text Þelds,
then it depends very much on the speciÞc application context whether precision
or recall is more important. If the search request resembles a Boolean-style SQL
statement, for example, then it is more di"cult to trade o! one metric against the
other. Hence, we left the relevant row unticked.

21 For anyone who wants to take home just one message from this review, then
this is it.



2.5. Contextualisation 47

but not search experts which means that translating the domain knowl-
edge into tuning an underlying retrieval model is non-trivial if not im-
possible [Bao et al., 2012a,b]. The problem is even more pronounced
once text mining gets incorporated as it is rare to Þnd a single individ-
ual who would bring in the necessary domain knowledge, knowledge of
text mining software and how to conÞgure it as well as natural language
processing expertise [Upshall, 2014].

Table 2.8 provides a simpliÞed overview of what groups of experts
are involved in running the system. The roles we identiÞed here are:

¥ Search Admin: the person/team who runs the search engine day-
to-day, making sure it is available to users, logging and investi-
gating any faults with the infrastructure or code (they may pass
these to the search developer to Þx), they are logging useful met-
rics (e.g. query logs, no-results pages, query response times).

¥ Domain Expert(s): the person/team who understands the content
indexed by the search engine and the likely queries that might be
run on it, and what ÔrelevanceÕ actually means in the context of
the business e.g. in a law Þrm, someone with enough legal knowl-
edge to understand the di!erence between ÔclientsÕ and ÔmattersÕ.
Domain experts can judge how well the engine is performing with
respect to relevance and can advise on how content might be re-
structured if necessary without changing the meaning/usefulness
of it.

¥ Search Developer: the person/team who can install the search en-
gine, develop indexers and user interface code that connect to it
and change its conÞguration to improve relevance, performance
etc. as necessary. Search developers are typically not domain ex-
perts so they will need the advice of one to help tune relevance
or improve content indexing.

Due to the domain-speciÞc and heterogeneous nature of the doc-
ument collections it is not surprising to Þnd that enterprise search
applications need to be coordinated among a larger number of di!er-
ent actors than most other search applications. Of the chosen search
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Table 2.8: The human (expert) in the loop

Search Domain Search
Admin Expert(s) Developer

Web Search x x
Site Search x x x
Desktop Search
Database Search x x
Enterprise Search x x x

application types, desktop search appears to be the only one that does
not require any admin support Ð the application gets installed once and
then runs out of the box.

Note that there are more people identiÞed in Figure 2.2 than are
in the table as we only focus on the most important roles here, but it
should be pointed out that there are others that might be involved at
di!erent stages. For example, the search engine will likely be bought
from a vendor, but once it is installed the search developer makes any
further changes.

2.5.7 Relevance Tuning

So far we have left the more pragmatic issues of getting a search system
to perform well aside. Here we introduce customisation and relevance
tuning as essential ingredients to make enterprise search work and con-
trast this with tuning methods that are core to other applications. We
also provide a sneak preview on what will be discussed in more detail
in Chapter 5.

Query and access log analysis o!ers a way of tracing the usersÕ
search behaviour and is a good starting point to improve the search
system, e.g. [Hawking, 2010]. In intranet and enterprise search this is
not su"cient and hard-coded suggestions linked to speciÞc queries re-
ferred to asquick links, suggested matchesor best betsare an important
element of making enterprise search work [Wu et al., 2014, Morville and
Callander, 2010, Bao et al., 2012a, Rowlands et al., 2007]. Through this
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mechanism the majority of top queries might actually be available as
quick links [Lund and ¯rnager, 2016].

Table 2.9 introduces these tuning elements as quality control mecha-
nisms. We refer to Ôanalytics toolsÕ as those tools that allow the ongoing
analysis of how well the system is performing according to the require-
ments set out. For enterprise search this means that one typically has
an internal test collection based on a sample of queries for which the
ranking function needs to be tuned [Hawking, 2010].

Table 2.9: Quality control mechanisms

Best Log Analytics
Bets Analysis Tools

Web Search x x
Site Search x x x
Desktop Search
Database Search x
Enterprise Search x x x

Table 2.10 provides a coarse-grained classiÞcation of what level of
tuning is (typically) needed to keep a particular search application run-
ning satisfactorily. Unlike the continuous tuning necessary in enterprise
search as discussed above, the ÔSearch QualityÕ groups of Web search
companies work very di!erently in that matching and ranking algo-
rithms are continuously improved while hard-coded links are not the
centre of attention.

2.6 Concluding Remarks

Rather than attempting to provide yet another deÞnition of enterprise
search arising from the discussion and contextualisation we simply con-
clude that enterprise search is a multi-faceted area as well as an evolv-
ing Þeld that shares a lot of features with other areas of information
retrieval but di!ers in other respects.

We will now explore the characteristics and challenges of enterprise
search in some more detail. The structure of the discussion and the
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Table 2.10: Relevance tuning

Little Continuous
Needed

Web Search x
Site Search x
Desktop Search x
Database Search
Enterprise Search x

checkbox approach in the last section, in which we compared and con-
trasted enterprise search with related areas, provides a suitable road
map to do this. From this discussion we conclude that there are three
broad areas that are worth dissecting in more detail Ð each one in its
own chapter.

We will Þrst provide a systematic overview of what deÞnes enter-
prise search, this will be the focus of the next Chapter, entitledEnter-
prise Search Basics. We will drill down into the actual characteristics
outlined in Tables 2.1 Ð 2.6 describing data, users, information needs
and other core features of enterprise search. This chapter will provide a
solid account of the state of the art in the Þeld while also highlighting
issues around enterprise search that need to be addressed properly in
order to make it work successfully.

Following this we discuss how to evaluate enterprise search, again
dedicating an entire chapter due to its overall importance. Table 2.7
provides a reference point to start the discussion. We will more broadly
present commonly applied metrics and evaluation approaches and con-
trast them with other areas of search. In line with the previous chapter,
we will highlight the fundamental di"culties emerging from evaluating
enterprise search applications.

Finally, we pick up the identiÞed issues and di"culties and work
out in a less theoretical and more practical discussion what can and
needs to be done to fully exploit the potential of enterprise search.
That chapter, called Making Enterprise Search Work, aims at o!er-
ing an understanding why enterprise search so often fails to perform.
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We also expect that this chapter will be of particular interest to the
practitioners among our readership as it will provide some important
guidelines for making enterprise search work Ð backed up by Þndings
reported in the refereed academic literature as well as in core readings
from the practitionersÕ community. Tables 2.8 Ð 2.10 are key reference
points in this discussion.



3
Enterprise Search Basics

This chapter will expand on the main characteristics that have emerged
from the discussion of how enterprise search compares with other search
application areas.

We will focus our analysis on the more technical aspects of enter-
prise search which on their own already provide enough material for
this study. It should however be noted that technical solutions do not
work if they are not supported by appropriate management structures
and if users do not perceive the information management system at the
enterprise as able to provide answers to day-to-day information needs,
e.g. [Stenmark, 2006]. We will touch on some of this in Chapter 5 when
we discuss how to put the user in control.

We will start with infrastructural issues Ð data sources, collection
gathering and enterprise search architectures. We then move on to dis-
cuss typical information needs with an extended discussion of issues
around common people-Þnding needs. Search context, user modelling
issues and temporal factors will be examined before Þnishing with a
brief look at existing tools, frameworks and resources.

52
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3.1 Structure of Data

We already discussed in Section 2.5.1 that there is a multitude of data
structures present within a typical enterprise search context and that
section also compared and contrasted some of these structures with
alternative search application areas. Here we will try to convey a more
detailed picture by expanding on three types of data structures, namely
the structure that characterises the documents/items in the reposito-
ries, the metadata and taxonomical structure that is linked to these
documents, and the organisational structure of the repositories. How
these data structures are to be exploited in a search framework will
be discussed in the following sections that look at data gathering and
architectural considerations.

3.1.1 Document Structure

A deÞning characteristic of enterprise search is the fact that data comes
in a variety of di!erent formats, ranging from largely unstructured data
(e.g., scanned documents) to semistructured (emails, memos) and fully
structured (internal phone directory) Ð a property clearly reßected by
the unique position enterprise search takes in Table 2.1 which compares
the typical data sources of di!erent search areas. To make this point
clearer, asked which document types are important for employees to
search, the AIIM Enterprise Search survey found the most obvious
types like O"ce documents and PDF Þles to be top of the list Ð as well
as emails, but it also uncovered that about 80% of respondents reported
scanned/OCR documents, 51% drawings and maps, and 46% photo
images [Miles, 2014]. In that respect enterprise search Þts perfectly one
of the key research questions identiÞed at the SWIRL 2012 strategic
workshop on IR, namely how to move beyond simple document retrieval
by better integrating structured and unstructured information which
was identiÞed as a promising but underdeveloped area of exploration
[Allan et al., 2012].

Generally speaking, there is a lot of inherent structure in the docu-
ments which is somehow the reverse to the idea of automatically trying
to extract structure from unstructured text. e.g., [Shin et al., 2015].
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The presence of di!erent types of document structure in enterprise
search does however not just present a challenge but also o!ers potential
beneÞts, for example, in query result diversiÞcation subtopics derived
from structured data might o!er high-quality terms but vocabulary
gaps whereas subtopics extracted from unstructured sources might have
a broader coverage but more noise, so that a combination of both types
of sources will outperform each one of the two [Zheng et al., 2011].
Similarly, unstructured enterprise data might be used to Þrst classify
the type of information need of a query which then guides access to
the semi-structured or structured data sources (relational databases)
to improve the overall search accuracy [Liu et al., 2011], or for entity-
centric query expansion [Liu et al., 2014].

3.1.2 Metadata and Taxonomies

Metadata and taxonomies are closely related concepts as metadata such
as classiÞcations assigned to a document might be driven by business-
speciÞc taxonomies. In addition to that there is of course more generic
metadata like the type of document, the date of document creation or
last access etc.

There are di!erent questions we can raise. Does document meta-
data play an important role in making enterprise search perform well?
Does taxonomical knowledge help in this process? Do documents carry
su"cient metadata in the Þrst place? The short answer to all of these
questions is Ôyes, butÕ. Let us look at this more closely.

Metadata does indeed play an important role. Supporting evidence
includes the fact that organisations that adopt metadata standards
have generally more satisÞed users [Findwise, 2014]. However, there are
caveats. First of all, while content creation will typically be centralised
to a small number of people and thus comply to certain company poli-
cies, consistency is still not guaranteed as there might be multiple or-
ganisational units with di!ering policies [Doane, 2010, Mukherjee and
Mao, 2004] Ð a not at all new phenomenon as illustrated by some of the
inconsistencies in the Domesday Book, published more than 900 years
ago, in which measurements of pastures vary across di!erent regions
from acreages to (di!erent) linear estimates (e.g. Ò17 furlongs by 17 fur-
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longsÓ versus Òone league in length and breadthÓ), and meadows are
measured by acreages, or number of plough teams they could sustain
or linear measurements, all making comparisons very di"cult [White,
2012].

A second problem emerges when content is created by simply copy-
ing metadata from another document leading to incorrect metadata
[Stocker et al., 2014, Li et al., 2005]. Similar Þndings and the impli-
cations of this on search performance are reported by Hawking and
Zobel [2007]. The problem of low-quality metadata is by no means re-
stricted to plain documents but applies to databases as well. An anal-
ysis of hundreds of tables with thousands of columns sampled from
29 databases within MicrosoftÕs IT organisation uncovered that many
frequently used column names are very generic such as ÔnameÕ, ÔidÕ,
ÔdescriptionÕ, ÔÞeldÕ, ÔcodeÕ, and ÔcolumnÕ and they made up 28% of all
sampled columns [Cortez et al., 2015] concluding that these names are
useless in helping a user Þnd tables.

A di!erent way of arguing for metadata in enterprise search is by
looking at some commonly observed user needs, and this is where a
strong case can be made. The importance of not just Þnding any match-
ing document but the latest version is one such example [Stocker et al.,
2014, 2015], or in fact the need to identify all content publishedafter a
speciÞc date [White and Nikolov, 2013] as it is common that users need
to Þnd the earliest version of a policy or a client pitch as this provides
reassurance that there is no relevant information before a certain date
narrowing down the search space [White, 2015a]. Note however, that
the same caveat applies here in that publication dates may be reliable
in some organisations and not in others [Hawking, 2010].

Versioning, e.g. knowing what is the most current and applicable
version of a document, is not just important but of critical importance
in an organisation [Cherkasova et al., 2009]. This can be hard for a
search application to know but it can be essential information, Þrst of
all to identify the most up-to-date version of a document but also for
compliance reasons.

Addressing the second question, a taxonomy can generally be seen
as helping an organisation understand and get access to the informa-
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tion it holds but also to identify missing information [Lund and ¯r-
nager, 2016]. Taxonomies are considered the base of a good information
structure in an enterprise [Findwise, 2014], and a well-deÞned taxon-
omy alongside standardised metadata and a consistent classiÞcation
scheme are key to Þndability [Miles, 2014]. Note that taxonomies are
often used to provide a ÔbrowseÕ function which can be usedinstead
of search, common in organisations where the search function is, or is
perceived to be ine!ective. Other users simply want to browse through
a well-structured hierarchy [White, 2015a], but it is not unreasonable
to assume that users might not understand the taxonomy in which case
this search could become frustrating.

In any case, much work remains to be done to bring experts in
taxonomy and search together as neither really understand each oth-
ersÕ worlds Ð an observation we already reported earlier to be true in
the digital libraries space, e.g. [Gon•alves et al., 2004]. A successful
example of this is the construction of a taxonomy to assist in searching
the education content of GOV.UK, a collaboration between develop-
ers, information architects and data scientists who used topic models in
combination with human intervention to identify the topicsÕ meaning
and to label them.1

Finally, document metadata, e.g. document title and semantically
meaningful document category information, is commonly present at
least in some of the repositories accessed by enterprise search applica-
tions. This might be a fairly obvious statement given that data manage-
ment within an organisation is at least partly curated and controlled as
reßected by Table 2.2 Ð but note here as well the caveats related to the
quality of this information as discussed above. Apart from answering
the earlier example queries which make use of some date stamp, there
are other types of metadata that can then be exploited in a structured
index as for example in IBMÕsGumshoe intranet search framework
[Bao et al., 2012b]. In the Gumshoe example the categories reßect for
example whether a document resides in the employee directory or is a
software page or wiki page.

1https://gdsdata.blog.gov.uk/2017/01/12/
using-data-science-to-build-a-taxonomy-for-gov-uk/

https://gdsdata.blog.gov.uk/2017/01/12/using-data-science-to-build-a-taxonomy-for-gov-uk/
https://gdsdata.blog.gov.uk/2017/01/12/using-data-science-to-build-a-taxonomy-for-gov-uk/
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To conclude, metadada and taxonomies are very valuable in enter-
prise searchif handled properly. This is a big ÔifÕ though which cannot
easily be aligned with the fact that organisations often do not have
the resources to build and maintain metadata properly, that people
searching do not have the same taxonomic model as the custodians of
the data and that they cannot use it to search e!ectively, that navi-
gating through an enterprise taxonomy to Þnd the answer to a speciÞc
question might be impossibly clunky compared to e!ective search etc.
This is all part of a much more general and long-running discussion
as it touches on some of the fundamental assumptions of the idea of
a Semantic Web [Berners-Lee et al., 2001] and the more pessimistic
take on this is that a world of exhaustive, reliable metadata would be
a utopia that will never come into being [Doctorow, 2001]. On a more
positive side, some metadata is useful and reliable such as automati-
cally assigned labels like geo-location data and time; from/to/cc/date
metadata on emails etc. Also, metadata used in e-commerce search can
generally be assumed to be fairly accurate as it forms the backbone of
any search application. Hence, in enterprise search topical and taxo-
nomic metadata can be very useful but is virtually useless in the worst
case.

3.1.3 Repository Structure

We established that unlike in Web search the data structures in en-
terprise search tend to change infrequently (see Table 2.3), a charac-
teristic that should assist in the management of search applications.
Nevertheless, the repository structures that hold the data present a
fair number of serious challenges. To start with, large enterprises tend
to have thousands of relational databases each having tens to hundreds
of tables [Cortez et al., 2015]. But also beyond relational databases,
data silos are typically found in an enterprise setting and often not
even joined up in a single search application [Findwise, 2015]. In fact,
we should say,very commonly not joined up, e.g. only 11% of organisa-
tions have a fully joined up enterprise-wide approach and another 18%
across departmental content according to the AIIM Enterprise Search
survey [Miles, 2014]. Complicating this is the fact that data held in
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di!erent repositories is not typically cross-referenced, e.g. there are no
hyperlinks from an email repository to a content management system
[Mukherjee and Mao, 2004]. This silo-based structure with all its re-
lated challenges turns out to be one of the deÞning features of enterprise
search and has implications on the data gathering step and the search
architecture to be employed as will be discussed in more detail later.

Email servers and Þle shares are the most important repositories to
search according to Miles [2014], other important resources include doc-
uments residing in content management systems, structured database
content, the corporate intranet and sta! directories ( unlike blogs and
internal social streams which still seem to represent only a very small
part of the overall information infrastructure).

Duplicated data represents another core feature of enterprise search
not least because email records are an important part of the informa-
tion architecture. Enterprise-based email corpora that have been made
available demonstrate this point, e.g. the Enron corpus was cut down
to one third of the original number of messages when duplicates and
irrelevant folders were removed [Klimt and Yang, 2004] and a third of
the emails in the Avocado email collection turned out to be duplicates
[Oard et al., 2015]. Both collections will be introduced in more detail
in Chapter 4.

More generally, a good proportion of data growth within an or-
ganisation is attributed to data duplication and while not all of it is
considered waste (such as copies made for caching and intentional du-
plication), a lot of it is [Forman et al., 2009]. This includes entire di-
rectories being copied. Document versions as commonly found in an
enterprise environment give rise to further issues with duplication (or
near-duplication), e.g. [Cherkasova et al., 2009, Khan et al., 2016].

Duplicated information at a database level might highlight prob-
lems that reßect more on the data quality in general. For example,
if particular services are available from di!erent repositories, e.g. two
systems o!ering similar services such as information about daily bed
utilization within a hospital but both systems having frequently di!er-
ent values, or within a health maintenance organisation, inconsistent
data values between internal patient records and the bills submitted
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by hospitals for reimbursement [Strong et al., 1997]. Inconsistencies in
the information architecture do not just lead to user frustration but
can also result in extensive use of email and telephone communication
[Lund and ¯rnager, 2016].

Let us Þnish with a general point. Data quality is highly important
and even the best search technology cannot provide a good experience if
data quality is not addressed. While this is a general problem that many
types of search applications face, the fact that content quality is not
adequate can in fact be seen as a major reason why enterprise search in
particular so often fails [White, 2015a]. Part of the solution is to identify
which repositories to include in the Þrst place thus cutting down the
content [Morville and Callander, 2010, p.38] and making sure the right
data sources are selected and indexed, and this approach hints at the
importance of customisation and continuous maintenance expanded on
in Chapter 5.

3.2 Collection Gathering

Unlike in more homogeneous environments, collection gathering, main-
tenance and curation in enterprise search is more complex with a mul-
titude of data sources of varying structure. We will discuss some key
concepts around gathering the collections that should be accessed by
the search application.

3.2.1 Connectors

The concept of connectors is omnipresent in enterprise search. Con-
nectors are the interfaces between individual data silos, e.g. structured
content stored in databases, and the search engine and they do not
just enable a search engine to download the content but integrate the
database schemas as indexable entity attributes therefore allowing the
capture, access and exploitation of rich semantic metadata encoded in
database structures [Grefenstette and Wilber, 2010]. Apart from inter-
facing with databases there are Þle system connectors (e.g. for accessing
enterprise Þle servers) and messaging connectors (to connect to the en-
terprise email systems).
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Connectors tend to be version-speciÞc and need constant attention
to make sure they work correctly [White, 2015b] providing a strong
argument for WhiteÕs point of view that enterprise search is not a
project but a continuous process.

The fact that the connectors also manage the required security pro-
tocols when accessing repositories means that there is always some la-
tency introduced into the delivery of results [White, 2015a].

3.2.2 Crawling

Keeping the available data sources up to date is another issue. A typical
approach to making them searchable is in principle no di!erent to any
Web search engine Ð via a crawler. This requires knowledge of where to
Þnd information in the Þrst place [Mukherjee and Mao, 2004], but due
to the nature of an enterprise search architecture such a crawler faces
additional complexities including manageability and maintenance (e.g.
a multitude of APIs), authentication and security, synchronisation, and
the problem that the crawler will collect data in an application-agnostic
way [Delgado et al., 2005]. In addition to that server locations do change
and documents might not always be accessible when a server fails or
has been taken down for service [White, 2015b].

Servers that should be indexed need to be identiÞed together with
update cycles. Practical considerations such as bandwidth requirements
of crawling and indexing play an important role [White, 2015b]. It
might also be desirable to exclude certain types of content from the
crawl altogether to improve the overall quality of the index, e.g. by
removing old content [White, 2015a].

Alternative models to crawling (a Ôpull modelÕ) such as publishing
and syndication (Ôpush modelsÕ) might become more prevalent [Delgado
et al., 2005] but it does not look likely at this point that these will
completely replace the crawler any time soon.

However, a full crawl is not always possible preventing the creation
of a central index leaving federated search as an alternative. Reasons
for this scenario include, for example, commercial software with license
restrictions or undocumented data formats, as well as pay-per-access
databases run by third parties [Li et al., 2013].
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There is a more general point though, namely that crawling and
indexing are bandwidth and processor intensive both of which have
cost implications [White, 2015b, p.32]. With potentially terabytes of
data on a Þle share, scanning the Þle share to Þnd new or changed con-
tent will become impractical due to load imposed on the system and
the time taken. Similarly, processing millions of PDF documents which
might be held in a repository of scanned letters to customers would
require signiÞcant computing power and signiÞcant time. Bandwidth
restrictions and limitations of the repositories could make this process
take months. Incremental updates are one way of addressing this at
least in the short term but over time an incremental index can grow
rapidly in size while access speed declines [Hawking, 2010]. The only
viable way of keeping a search index up to date could be by choosing a
search technology which supports continuous document ingestion e.g.
by inserting a ÔT junctionÕ in the document creation pipeline which
sends each new document to the search engine as well as to the reposi-
tory. Another condideration is that the contents of the search index are
valuable because at the outlined scale they cannot easily be re-created.
In cases like this it is essential to have redundancy and resilience in the
search system.

3.2.3 Security

SpeciÞc requirements the repositories have to satisfy are that enterprise
search systems are to be used by named users who have been assigned
speciÞc roles in the organisation and Ð in contrast to Web seach Ð
security control via access permissions are an essential part in such an
environment [Mukherjee and Mao, 2004]. This does not just apply at
search time but equally at crawl time which is further complicated by
a potential range of di!erent access protocols [Delgado et al., 2005].
The crawler itself may have to assume a Ôsuper userÕ role which gives
it access to all content Ð but a role which may be di"cult to grant in
an enterprise context. It is also common that the very act of a wide
crawl of enterprise content reveals ßaws in the security model as content
becomes accessible via search.
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3.2.4 Deposition versus Publishing

It has already been pointed out that information on an intranet might
be created for pure dissemination rather than published with the aim
to attract the attention of users. Actually, documents might be created
with neither of these two aims in mind, and within an enterprise envi-
ronment we need to distinguish between data that is simplydeposited
from data that is actually published. It frequently happens within en-
terprises that a newly created document is deposited rather than pub-
lished. An employee might write a policy or a report, send a letter
to a customer, type up case notes, or write a record of an interview,
then deposit this on a shared drive and leave it there. They might cre-
ate it on their own private drive Þrst and later enter it into a record
management system. Documents may be created in the course of an
employeeÕs duties with no thought that others may want to read it.
There is no sense of disseminating or publishing, rather the fulÞlment
of an obligation to keep records or simply that the document has to
live somewhere.

This is in stark contrast to the GOV.UK example we picked as
a motivating example in the introduction to represent site search. In
that case all content can be assumed to be published rather than just
deposited.

This is also very di!erent to publishing content on the Web where
companies frequently apply search engine optimisation techniques to
make sure the content can be found whereas enterprise authors may
make no e!ort whatsoever to facilitate subsequent discovery. The prob-
lem of course is that the documents such as letters to a particular cus-
tomer or the record of an interview still need to be found when needed.

From a collection gathering perspective it is then the task of the
search administrator to decide what data needs to be indexed so that
it can be found.2

2We will get back to this issue in Section 5.2.3 that will argue that not indexing
something can be desirable in certain circumstances.
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3.2.5 Other Issues

There are many other considerations to be taken into account in the
collection gathering step, some more content-speciÞc and others more
technical.

One common problem is that employees might not even be aware of
what information sources are available in the enterprise whether they
have access to them or not [Laqua et al., 2011, Feldman and Sherman,
2001]. Noisy legacy data will always be an issue no matter the data
quality improvements through enhancing consistency and automated
processing of content [Mukherjee and Mao, 2004].

Given the nature of structured backend databases there is a need
to consider transient/virtual documents which are generated on the ßy
[Delgado et al., 2005]. This is comparable to the Ôdeep WebÕ but within
an organisation the presence of such documents might be a lot more
pronounced (and perhaps more critical to uncover).

An organisation may be faced with signiÞcant changes in collection
and query characteristics through a merger or acquisition [Manning
et al., 2008, p.134], something that happens at a high rate [Grefenstette
and Wilber, 2010].

Finally, Berners-Lee motivated his proposal for what eventually be-
came the World Wide Web by illustrating how, due to high turnover of
people in an organisation like CERN, information is constantly being
lost or is being recorded but cannot be found [Berners-Lee, 1989]. This
still remains a challenge today, and capturing the Ôcorporate memoryÕ3

[Brooking, 1999], conducting proper role hand-overs and training a new
employee (Ôon-boardingÕ) are examples of important management pro-
cesses directly impacting the e!ectiveness of the search system.

3.3 Search Architectures

Figure 2.1 introduced a general architecture of enterprise search. At the
heart of it lies a typical IR processing pipeline but at closer inspection

3Part of the collective memory is likely available (implicitly) in email repositories
and linking them up to the enterprise search system should be included in the
collection gathering process.
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the picture also reveals a number of components not necessarily part
of a standard IR system such as heterogeneous data sources residing
in repositories of varying structure, the need of connectors emerging
from this setting, and the core requirement of access control. Together
with the discussion so far it should have become clear that employing
simply commonly applied search architectures without catering for the
speciÞcs of an enterprise context will not su"ce.

3.3.1 Basics

To motivate the need for a search architecture that is di!erent to an
out-of-the-box search framework that could be applied to any collection
we return to the axioms put forward by Fagin et al. [2003], investigat-
ing IBMÕs intranet as a case study, to spell out what is di!erent on
an intranet compared to the Web: (1) documents created for simple
information dissemination4; (2) a large fraction of queries with a small
set of correct answers (often unique); (3) essentially no spam; and (4)
large portions of the intranet are not search-engine-friendly.

One implication of the Þrst point is that enterprise documents are
much sparser than Web documents, perhaps also due to a lack of in-
centives to create textual content [Cortez et al., 2015].

There are additional challenges that need to be accounted for. For
example, the use of legacy software is common in this context. Enter-
prises often use old software versions which is even more pronounced
once the software is embedded in third-party enterprise applications
that come with extended release cycles [Mukherjee and Mao, 2004].

Apart from di!erences between enterprise search and other search
architectures it is worth pointing out some commonalities such as the
need to keep the index up to date and hence to be able to rapidly re-
index the document collection (assuming this is feasible as discussed
earlier on). IBMÕs Trevi intranet search engine, for example, observed
already more than a decade ago about 500,000 daily changes which
includes newly added documents as well as updates to existing ones
[Fontoura et al., 2004].

4To qualify this claim, please do note the discussion earlier on about documents
being deposited as opposed to published/disseminated.
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3.3.2 Search Algorithms

It has long been known that link-based ranking methods which work
well on the Web such as PageRank [Brin and Page, 1998] and HITS
[Kleinberg, 1998] do not necessarily work well in enterprise search con-
texts [Mukherjee and Mao, 2004, Hawking, 2004, Fagin et al., 2003].
This is still true today, e.g. [Schymik et al., 2015]. One of the obvious
reasons for this is the sparsity of links between documents within an
enterprise document collection which makes this a much weaker sig-
nal than on the Web [Chaudhuri et al., 2011]. That does not exclude
the use of other static rank algorithms, e.g. IBMÕs Trevi search engine
serving the companyÕs global intranet assigns ahostcount to each doc-
ument, a static rank reßecting the number of di!erent hosts pointing
to the document [Fontoura et al., 2004]. It also means that a static
score of a document might take other features into account such as the
frequency of access to a resource, the recency of publication, the docu-
ment type and information about the repository the document resides
in [Hawking, 2010].

More sophisticated search algorithms likelearning-to-rank (LTR)
have yet to Þnd their way into enterprise search. Data sparsity issues
are certainly a bottleneck in applying any machine learning algorithms
in this context. In Chapter 5 we will explore how existing search al-
gorithms are best deployed and tuned in an enterprise search environ-
ment.

3.3.3 Aggregation

Search results within an organisation commonly need to be aggregated,
e.g. as in expert search across multiple domains [Pal, 2015], content
repositories [Venkateshprasanna et al., 2011], as well as in federated
search in heterogeneous environments [Li et al., 2013].5

Aggregating results from di!erent silos is non-trivial due to the dif-
Þculty of comparing relevance across sources [Chaudhuri et al., 2011,
Hawking, 2010], somehow comparable to the problem of aggregating re-

5There is similarity with desktop search in this respect [Elsweiler et al., 2010].
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sults from di!erent verticals in a Web search environment.6 Federation
of search poses another problem, namely that of maintaining document
level security [Hawking, 2010]. Note that unlike in common meta search
systems the data sources employed in enterprise search typically have
no documents in common and employ di!erent ranking and scoring
schemes [Mukherjee and Mao, 2004].

Optimising the presentation of results coming from many di!er-
ent sources presents a major challenge also from a human-computer
interaction perspective. For aggregated search on the Web click logs
have been proposed to learn which portals to select and how to present
them [Arguello, 2017, p.405-420], but the availability of training fea-
tures and the availability of common features across di!erent data
repositories presents a serious challenge in particular as the number
of sources grows. In enterprise search there will be infrequently used
repositories, e.g. perhaps a source code repository for a long-completed
project, and best practice in faceted search appears suitable here when
deciding which repositories to select and how to present them to make
best use of the screen space and provide a strong Ôinformation scentÕ
to the user [Russell-Rose and Tate, 2013, p.174-175].

3.3.4 Security

Security issues such as document-level access control have always been
key requirements in enterprise search systems and apart from having to
cater for them this represents e"ciency and response time challenges
[Bailey et al., 2006], so much so that the cost of e!ectively imposing and
managing access control by using the standard approach of creating a
separate index per user (early binding) or using a centralised index and
doing the access control check at query time (late binding) can become
prohibitive for large enterprise environments [Singh et al., 2009].

The primary security concern is that of data conÞdentiality leaving
integrity to the parentÕs application (such as a relational database) and
availability to broader network defences and architectures [Grefenstette
and Wilber, 2010]. As such, conÞdentiality is another deÞning feature

6Although there are also some notable di!erences, e.g. [Arguello, 2017, p.370-
372].
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that distinguishes enterprise search from Web search (see Table 2.6).
Like in general enterprise network management [Yu and Wang,

2013], access to documents is commonly granted to users via Access
Control Lists (ACLs) [Hawking, 2010] but the drawback is that these
are tied to individuals making it di"cult to maintain when users, for
example, take on di!erent responsibilities [Ferraiolo et al., 1999]. Role-
Based Access Control (RBAC) provides a higher level of abstraction
and is therefore commonly adopted. RBAC does not directly link users
to their permissions but via a role they are assigned to in the organisa-
tion [Sandhu et al., 1996]. Roles and role hierarchies reßect the organ-
isational structure of the enterprise/organisation. Access to resources
can then be deÞned through a job function or job title and if a user
leaves or moves to a di!erent position, then the userÕs assignment to his
or her role(s) is updated without having to amend any ACLs [Ferraiolo
et al., 1999]. The identiÞcation of roles however might be a complex
issue on its own [Roeckle et al., 2000].

No matter which approach is being taken to impose access control
there are non-trivial security issues, mainly information leaks, which
arise in an enterprise search context. For a start, the ordering and
relevance scores of documents presented to users might reveal general
collection properties, i.e. the presence or frequency of keywords in docu-
ments not presented to the user [Singh et al., 2007]. Furthermore, query
suggestions might leak information if, for example, a user searching for
redundancy gets o!ered a query suggestion likeredundancy strategy
planning even though the user has no access to this document [White,
2015b, p.41]. The same applies to autocomplete suggestions.

Finally, the di"culty of managing metadata within an organisation
has already been discussed at length earlier with the conclusion that
the quality often lags behind expectations. Applying and maintaining
access controls su!ers from the same problem and it is not uncommon
that employees are routinely denied access to material they should be
able to see. On the other hand, deploying an enterprise search system
often exposes content which should have been protected.
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3.4 Information Needs and Applications

Information needs are closely coupled with strategies to satisfy these
needs and many approaches to classify them and to suggest models for
information seeking have been proposed addressing, for example, the
general information search process, e.g. [Kuhlthau, 1991], exploratory
search [Marchionini, 2006], collaborative search [Shah, 2012] and search
and discovery patterns within enterprises [Russell-Rose et al., 2011].
Our approach to classify information needs and their corresponding
applications will be driven very much by an analysis of the refereed
literature. This will complement our earlier discussion around Table
2.4 for which we had adopted a handful of use cases that have been
identiÞed as commonly occurring in enterprise search.

The lack of publications on enterprise search in the refereed liter-
ature will necessarily make this analysis incomplete but should gener-
ally provide a good overall picture of what problemstypical enterprise
search systems need to be able to serve.

First of all, the information needs of a user in an enterprise context
are closely linked to the requirements of the userÕs job. The obvious
implication is that these needs tend to di!er from what a casual user
might submit to a Web search engine. For example, within the en-
terprise employees of PricewaterhouseCoopers (PwC) UK search for
people, tools, employee information, o"ce information, policies, help
manuals, IT support, technical delivery materials, client advice, indus-
try information, sales materials, social network groups, and that is not
even all [Findwise, 2016]. An analysis of the internal searches within the
Microsoft intranet identiÞed searching for deÞnitions, persons, experts
and homepages as being among the most important types of informa-
tion needs applying a log analysis7 study followed by a survey among

7We would like to add a general note here. Observations on user behaviour pat-
terns obtained through search logs or user surveys are heavily coloured by the ca-
pabilities and performance of the search service actually in use, or more accurately,
user perceptions of capability and performance. People do not search for things with
an enterprise search tool which they perceive or believe to be hopeless. They limit
their use of such a tool to types of search which they have conÞdence will succeed.
A poorly performing search engine limits the value of click or browse data because
users may not ever reach the best answer in order to click it. We simply want to
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employees [Li et al., 2005]. It could even be argued that sta! will only
use the search application when they need to make a decision [White,
2015a], although it should also be considered that users might conduct
business and non-business activities on an enterprise network [Carter
et al., 2014].

A fairly typical (but not ideal) scenario appears to be that users ac-
cess multiple search systems with multiple taxonomies designed specif-
ically for those systems [Doane, 2010]. Going beyond this silo-based
approach via someUniÞed Information Access still remains one major
challenge in enterprise search [White and Nikolov, 2013, Grefenstette
and Wilber, 2010]. In this vision one would have a user-friendly inter-
face that sits on top of a hybrid system accessing data of varying struc-
ture from heterogeneous data sources, strikingly similar to the vision a
decade earlier [Feldman and Sherman, 2001]. However, establishing a
managed search environment that ensures employees Þnd the informa-
tion they need to achieve their organisational and personal objectives
does not per se imply a uniÞed framework [White, 2015a].

Let us now look in more detail at some common search types within
an organisation. We will structure the discussion according to di!erent
search application types which represent particular information need
categories.

3.4.1 People Search

Quite clearly, a good number of the di!erent information needs cases
are concerned with various aspects of people search. This is simply
because searching for other individuals is considered one of the most
fundamental scenarios within an enterprise [Guy et al., 2012, Hertzum,
2014, Findwise, 2016]. People search is also prominent on the Web,
e.g., via a people search engine, but there it is dominated by the search
for persons in news-related events and known ÔcelebritiesÕ [Weerkamp
et al., 2011], while enterprise users commonly aim at Þnding contact
details, roles, expertiseand this is possibly conducted with incomplete
information at hand, e.g. as in ÒAlice whose last name starts with
an ÔHÓÕ [Guy et al., 2012]. The di!erences are further highlighted by

state this here as a potential caveat of any enterprise search study.
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the fact that users on a Web-based people search engine tend to click
through to social networking sites [Weerkamp et al., 2011] which is in
contrast to the data sources accessible in an enterprise search system,
e.g. a telephone directory [Li et al., 2013].

Identifying colleagues that know about speciÞc projects appears to
be a core information need among people-related searches [Hertzum
and Pejtersen, 2000]. It does not even need to be project-speciÞc infor-
mation, the social network accessed through face-to-face conversation,
by phone, or by email is a crucial backbone for employees with informa-
tion needs and contacting colleagues can be the main fall-back strategy
to obtain required information [Lund and ¯rnager, 2016, Laqua et al.,
2011]. Expert and expertise Þnding are particular problems in large or-
ganisations [Hawking, 2010, Balog et al., 2012]. One of the main reasons
that search for people and expertise is centre-stage in enterprise search
is because a large proportion of an organisationÕs intellectual capital has
always been tacit knowledge [Baumard, 1999]. Another reason could be
the frequent rotation of sta! between, e.g. the organisationÕs headquar-
ters and Þeld stations. Examples are large UN organisations like the
World Food Programme (WFP) which employs 14,000 people world-
wide and Þnding a topic expert has been found to be an imperative
information need among sta! of the WFP [Lund and ¯rnager, 2016].
The need of an expert or of expertise might also arise in an indus-
trial setting in cases of real-time collaborative troubleshooting needs,
as is the case, for example, for power plant equipment maintenance
[Paul, 2016] or to help the mobile work force of a telecommunications
company [Albakour et al., 2013].

Finding people responsible for certain tasks [White, 2015b], Þnd-
ing name, location, email, job role, phone number of an employee etc.
are all common within an organisation [Guy et al., 2012]. A study of
three di!erent companies and organisations of di!ering sizes conÞrmed
that lookup of sta! contact details and employee information feature
prominently as among the most common intranet information seeking
categories [Stenmark, 2010]

Enterprise-search related information needs come with their own
problems that need to be addressed. For example, a simple name lookup
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might be complicated by language issues [White, 2015b]. It might also
be that employees do not really know the exact name of a person they
have in mind and whose contact details they want to obtain. A study
investigating more than a million logged queries collected over four
months on Faces, a large-scale people search application embedded
within the IBM enterprise, found that more than a third of all sub-
mitted search tokens did not have an exact match suggesting the need
of some sort of fuzzy search8 [Guy et al., 2012], this is partly attributed
to the global enterprise environment with names that are di"cult to
spell or pronounce. A survey conducted as part of the same IBM study
uncovered that among the most common scenarios of people search
were to locate people that sent emails to the searcherÕs inbox, appear
in their calendar meetings or participate in chats or phone calls.

There are various approaches to solve such problems including cus-
tomisation and low-level tuning. Hashing-based people search algo-
rithms that can be employed to learn hash functions that map similar
names to similar binary code words in a language-independent space
have been proposed to support fuzzy search of people names in an
email context [Ramarao et al., 2016]. This goes beyond simple lookups
in dictionaries, gazetteers or synonym lists.

Additional support might also be used to enhance the search ex-
perience. For example, IBMÕs employee directory was reported to have
links to audio Þles to help with pronouncing names [Pernice et al.,
2006].

A study investigating the information-seeking behaviours of engi-
neers concluded that engineers search for documents to actually Þnd
people that are the right point of contact, they search for people to ob-
tain relevant documents from them, and they interact socially [Hertzum
and Pejtersen, 2000]. Two product-development organisations were
studied, Novo Nordisk, the then worldÕs largest producer of industrial
enzymes, andDanfoss, a large Danish manufacturer for heating and re-
frigeration systems. In the Novo Nordisk case study it was found that
engineers had a strong preference for obtaining new information from

8This type of problem has obviously become much less prominent in search in
general with the introduction of auto-complete suggestions in recent years.
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people while documents were considered important but Òusually con-
comitantÓ. In the Danfoss context an important information-seeking
activity was to obtain information about people so that the expertise
of other companies and potential sub suppliers can be determined. The
authors also conclude that Òwhile concrete product information can
be found in documents, context information must be obtained from
people.Ó

The enterprise search setting of these common search scenarios pro-
vides a clear contrast when compared to other types of search such as
Web search, desktop search, or site search.

3.4.2 Email Search

Email overload has long been recognised as a pattern referring to the
use of email for functions that it was not designed for, i.e. as a plain
asynchronous communication tool [Whittaker and Sidner, 1996]. This
includes storing personal names, addresses but also the use of email
for task management. Not much has changed since then in principle
although overload is di!erent between personal and work-related email
[Grevet et al., 2014]. It then looks like a natural conclusion that email
search in general represents a large proportion of enterprise searches
[Guy et al., 2012]. Email search can actually be considered one of the
biggest requirements in an enterprise search setting, not necessarily to
identify a speciÞc person or piece of information but often driven by
legal discovery. At the same time few organisations fully satisfy this
requirement [Miles, 2014].

There are of course inherent problems with emails as a business
communication and management tool which include the circulation of
attachments and if multiple versions are circulated, then overloaded
inboxes, for example, might lead to access and editing of an outdated
version [Massey et al., 2014]. This is more of a problem when conducting
collaborative work but a!ects also general search.

Email search has found its way into the academic research commu-
nity primarily through the TREC Legal Tracks 2010 and 2011 [Cor-
mack et al., 2011, Grossman et al., 2012]. The track was aiming to
model real use cases and the Þndings are therefore not just of academic
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interest. We will talk more about this in Chapter 4 which looks at
evaluation.

3.4.3 Business Intelligence

Searching for business knowledge or intelligence followed by search
across emails and search for customer-related content appear to de-
scribe the most prevalent information needs foradvanced search ac-
cording to the AIIM survey with some variation such as ÔFreedom of
InformationÕ requests being among the top needs in government organ-
isations and public services [Miles, 2014]

This is where enterprise search needs to be seen as part of a bigger
framework [Chaudhuri et al., 2011, Ben-Yitzhak et al., 2008]. More
broadly speaking, enterprise search goes beyond traditional Þnding
problems and is also used for information integration, discovery, col-
laboration and knowledge management, compliance, and records man-
agement [Delgado et al., 2005].

3.4.4 Exploratory Search

Lookup-based systems are not always most suited for an information
need at hand. These needs might for example not be well-deÞned, they
might describe a broad subject area or be aimed at decision-making
in which case exploratory search as an interactive activity of querying
and collection browsing is more appropriate [White and Roth, 2009,
Marchionini and White, 2009]. The information needs in exploratory
search might involve multiple query iterations or even multiple sessions,
and apart from being potentially open-ended the information needs can
be persistent and multi-faceted. Put di!erently, search might at its best
be a conversation, an iterative, interactive learning process [Morville
and Callander, 2010, p.9].

Exploratory search by information professionals plays an important
role in an enterprise environment, e.g. [Stenmark, 2008, Cleverley et al.,
2017]. Cleverley and colleagues conducted a user study for which they
identiÞed some realistic and multifaceted information needs in the oil
and gas industry around gravity and magnetics in a particular region
which would typically form part of a much larger set of search tasks
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related to the topic. Stenmark on the other hand started with the
search engine log Þles from a corporate intranet and then clustered
searchers according to their interaction behaviour identifying di!erent
types of users including those that tend to be more interested in recall
and are characterised by long interactions with the search engine, i.e.
ÔexplorersÕ.

However often little attention to supporting exploratory search is
paid in enterprise search [White, 2015b].

3.4.5 Discovery

E-discovery [Oard and Webber, 2013] might not be what one considers
a typical search need within an enterprise but it very much is or at least
should be given that legal discovery cases which require an organisa-
tion to uncover all electronically held records about speciÞc customers,
suppliers, contracts, cases etc often come out of the blue, yet, 74% of
organisations report they do the process manually [Miles, 2014].

Data discovery more generally is a common problem users in en-
terprises face: Þnding information in relational databases, e.g. [Cortez
et al., 2015]. We do not expand on this area here as it is, unlike e-
discovery, mainly a DBMS issue.

3.4.6 Other Information Needs

There are many other information needs within an organisation and
they vary depending on the type of business, the size, the location etc.
There could be the need to Þnd out about the history of purchases and
support calls related to a speciÞc customer [Chaudhuri et al., 2011] as
well as item and product search [White, 2015b, Johansson and West-
erling, 2009] etc. Just to illustrate the broad range of other possible
problems to be addressed by enterprise search we outline some addi-
tional scenarios here:

¥ Remote area mining operations: assume a multi-national mining
company established a large mine in a remote area in a devel-
oping country, they installed expensive and complicated mining
machinery (conveyor systems, ore crushers, transport systems,
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hole boring and explosive control systems) which must be main-
tained and perhaps repaired. In the absence of an internet con-
nection, maintenance and repair relies on very extensive manuals
in electronic form. E!ective search over this documentation has
the potential to signiÞcantly improve productivity.

¥ Petroleum exploration: oil and gas exploration companies typi-
cally accumulate drilling reports in heterogeneous formats [Hawk-
ing, 2004]. These describe (usually in informal and non-standard
terms) the features and hazards encountered at various depths
during a drill. When a new well is being planned, knowledge of
the experiences in nearby wells can save time and trouble. There
is a search problem complicated by the heterogeneity of formats
and language, the geographical proximity dimension and the im-
portance of depth.

¥ Help desk call centres: in cases where the help desk agents rely
on search to respond to queries, e.g. [Albakour et al., 2013], call
centres are a case where it might be possible to evaluate the real
world impact of better search (by assessing the quality of the
answers or the time taken for the call).

¥ Tender responses, bidding: responding to tenders and bidding for
work are critical activities for consulting and contracting organi-
sations. Proposals may run to hundreds of pages [Hawking, 2010]
and putting one together is usually done under intense time pres-
sure. E!ective enterprise search can increase bid quality and re-
duce time taken by Þnding sta! with required expertise, capabil-
ity statements, customer references, and other material to include
in the bid.

¥ Customer relationship management (CRM): although many or-
ganisations use a speciÞc CRM system, it is often the case that
information which is incomplete or not up-to-date in the CRM
can be found in email or internal discussions.
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3.5 Search Context

Having surveyed the basic characteristics of enterprise search we have
identiÞed some rich contextual information and information about the
searcher being readily available to the search system. This is a clear
advantage over Web search, for example, where the available context
is more limited and the user information typically needs to be guessed
via implicit signals. Let us look at how context and user information
may then be usefully incorporated in the search algorithms. We start
with context.

Contextualising search has become a popular research area, much of
it concerned with making use of the userÕs local context as well as past
search patterns [Melucci, 2012, Ruthven, 2011]. However, enterprise
search o!ers a great advantage over Web search and other applications
as a user is deÞned by his or her role within an organisation and there-
fore much is known about them and the tasks they are likely to perform
even before submitting anything at all [Hawking, 2010]. Furthermore,
the smaller size and well-deÞned topic and task domains compared to
the Web make enterprise information spaces particularly suited to im-
plementations of contextual search [Freund et al., 2005]. Contextual
information comes in di!erent ßavours such as user context and task
context.

Let us start with the user context. In exploratory search, subject
familiarity, job role, and personality are all potential contextual factors
a!ecting the searcherÕs perception of navigational aids such as query
suggestions [Cleverley and Burnett, 2015b]. Contextual information de-
rived from a userÕs email communication and calendar within an enter-
prise setting provides an information-rich environment that can be used
to build user models for automated contextual search across di!erent
sources such as the userÕs work space, external sources and emails [Lu
et al., 2011]. Moving beyond the individual user and considering the
user as an employee in an enterprise management structure, knowledge
about a userÕs membership of a particular group (such as sales depart-
ment or production department) can be used to select a group-speciÞc
thesaurus when performing automatic query reformulation [Hawking,
2010]. More generally, domain-speciÞc dictionaries (e.g. acronyms and
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person names) have indeed been shown to improve precision for search
within an organisation [Zhu et al., 2007].

We could also take thetask context to derive useful information to
improve the search process. Within an enterprise users are employees
that conduct tasks related to the business at hand, and the information
sources to be accessed are dominated by the business operation [Hawk-
ing et al., 2005]. In fact, the nature of a userÕs task might actually
be derived from the application a user is currently running [Hawking,
2010].

Contextual information can also be captured atdocument level. For
example, the location of the document as deÞned by the data structure
such as its place in a corporate taxonomy, the structure of the under-
lying database table, or a site map, all provide additional metadata
applicable in the search process [Delgado et al., 2005].

A more heterogeneous context istime. Time is generally considered
an important contextual factor in search systems but has been un-
derappreciated until recently [White, 2016, p. 295]. Utilizing temporal
information has attracted more attention recently, in particular the ex-
traction of temporal information from documents but equally informa-
tion related to document creation and document focus time [Kanhabua
et al., 2015]. Document creation time has already been pointed out as a
major issue in enterprise search, to identify the latest version of a doc-
ument, for example. A separate issue related to time is the workßow
in organisations which di!ers from queries submitted to a Web search
engine. One way of how this surfaces are the query patterns that are
closely linked to the organisation at hand, e.g. seasonality of certain
queries submitted to a university site search engine which reßects the
annual student admission cycle among other things [Dignum et al.,
2010]. In line with typical enterprise search-related problems such as
sparseness of link structure and anchor text and use of domain-speciÞc
jargon, there is another common feature Ð a strong presence of dynamic
terminology [Bao et al., 2012b]. An example of a topic that changes over
time within an enterprise is the query ÒbeneÞtsÓsubmitted to the IBM
intranet for which the most important page at the time of publication
wasnetbeneÞts[Vaithyanathan, 2011]. A seasonal example is the query
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ÒtimetableÓreported to be frequently submitted within an intranet of
an academic institution and which in autumn appears to be aimed at
the teaching timetable, whereas in spring to be more likely to be aimed
at the exam timetable [Kruschwitz et al., 2013].9 Examples from the
site of a di!erent university support this point as searches for the li-
brary spike when term papers are due and searching for ways around
the campus are popular when the semesters begin [Rosenfeld, 2011,
p.47].

Other contexts that are more in line with Web search are the de-
tection of the class of devices a searcher is using so that, for example,
the display of results can be adjusted to a mobile device or telephone
[Hawking, 2010]. The userÕs searchsessioncan also be interpreted as
some form of contextual information [Rosenfeld, 2011, p.83]. Context
is particularly important in supporting exploratory search [White and
Roth, 2009]. Such searches naturally go hand in hand with longer ses-
sions.

There is a lot of potential to apply contextual information but in
reality very little of this gets utilised in enterprise search systems.

3.6 User Modelling

Information retrieval systems are becoming increasingly personal and
contextual [Hofmann et al., 2016], and Figure 2.2 made a strong case for
the need to distinguish di!erent users involved in the overall enterprise
search ecosystem. In fact, the very setup of an enterprise environment
o!ers the chance to make use of a lot of information about the users
as the user base is deÞned by the enterprise. Users do not simply Ôopt
inÕ by submitting searches as they would when accessing a Web or a
news search engine. This user base can still be substantial in size, e.g.
400,000 employees in a multi-national company like IBM [Guy et al.,
2013] that need to be served around the clock, although typically an
enterprise search user base is smaller than that as illustrated in Table
2.5.

9This could of course also be interpreted as an example of Þnding the most
up-to-date version of a document.
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User models and personalisation have been studied extensively,
mostly in a Web search context [Teevan et al., 2010, Pitkow et al.,
2002] but much of it appears to be applicable in an enterprise setting
too. Within an enterprise context one can distinguish persistent pro-
Þles that exploit a userÕs role in addition to a proÞle that captures past
access patterns and session-based proÞles [Mukherjee and Mao, 2004].
History-based (including session-based) proÞles that capture a userÕs
query and click behaviour have been shown to o!er substantial bene-
Þts in predicting the relevance of documents [Bennett et al., 2012], and
these proÞles are now commonly applied in Web search. Role-based
proÞles on the other hand are very speciÞc to the organisational struc-
ture of an enterprise, although the organisational structure on its own
does not necessarily best reßect the usersÕ needs as expressed in their
search behaviour [Carter et al., 2014].

More broadly speaking, i.e. looking at the personalisation literature
beyond enterprise search, a user model aims at capturing a userÕs or a
user groupÕs interests [Teevan and Dumais, 2011]. There are a number
of common methods for structuring such models, e.g. [Gauch et al.,
2007]. Models can be built from queries that users submit to search the
collection by building query ßow graphs, for example [Deng et al., 2009,
Boldi et al., 2009], from anchor text [Kraft and Zien, 2004], from mining
term association rules [Fonseca et al., 2003], or by extracting term
relations from documents, for example [Kruschwitz, 2005, Sanderson
and Croft, 1999]. They can aim at modelling individual userÕs interests
[Teevan et al., 2010] or cohorts of users [Yan et al., 2014]. Models can be
explicit, where users input topics of interest, or implicit, where those
interests are inferred from their actions [Teevan and Dumais, 2011].
However, explicit models have several drawbacks such as the time it
takes to build them and their static nature. The types of implicit data
used to construct proÞles can vary [Teevan and Dumais, 2011], e.g., the
analysis of log records, has been shown to be good at approximating
explicit feedback, and query log analysis has developed into a very
active research area [Jansen et al., 2009, Silvestri, 2010].

Cohort modelling has been e!ective for Web search [Yan et al., 2014]
as well as for exploration/navigation in a site search context [Alhindi
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et al., 2015], in the latter case the issues arising in building models that
represent user groupsÕ search interests are similar to enterprise search,
including sparsity and recall as an important metric in a context with
little or no redundancy.

Personalisation applied to people search within an enterprise setting
(via identiÞcation through cookies) has been used to boost persons
in the result set found in the searcherÕs network, management chain,
location, organisational unit, country etc. [Guy et al., 2012]

The content and structure of the email communication network
within an enterprise o!ers a speciÞc way of modelling users. If we treat
recipient recommendation for emailing in an enterprise as a speciÞc
enterprise search problem, it is interesting that the utilisation of the
content and structure of the (email) communication network in addi-
tion to the actual email content outperforms approaches that only use
the email content [Graus et al., 2014]. Similarly, in a content recom-
mendation scenario in which a user is typing an email it was found
that topic models representing the userÕs interactions with others (per-
sons, groups and email threads) and contextual information yield better
performance than a recommendation based on only one of these or the
email message alone without a user model [Lu et al., 2011].

A lot of the signals used to model users and to personalise the
search experience are generic enough to be collected in various search
environments, also, the explicit organisational structure o!ers potential
to model individual users or cohorts of users. Despite all this, in prac-
tice very little user proÞling tends to be applied in enterprise search
environments, e.g. as reported by 78% of respondents of the Ô2015 En-
terprise Search and Findability SurveyÕ [Findwise, 2015]. Part of the
reason is data sparsity as there is the problem that even within the
largest enterprise the user population tends to be relatively small and,
for example, many exploratory queries will not have been posed to the
system at all before [Cleverley and Burnett, 2015b]. Nevertheless, given
the growing adoption of user models in other search systems [White,
2016], there is huge potential for enterprise search as well in this area.

The organisation of users around roles that they are assigned to
in an enterprise context has already been discussed and di!erent roles



3.7. Tools, Frameworks and Resources 81

within an enterprise may well give rise to di!erent proÞles when mod-
elling users [Hawking, 2010].

3.7 Tools, Frameworks and Resources

The enterprise search landscape has been transformed in recent years,
in particular due to a thriving open source community that provides
powerful frameworks such asApache Lucene/Solr and Elasticsearch
which are highly scalable and can be deployed in a distributed en-
vironment. At the same time these frameworks are feature-rich and
customisable and are actuallynot necessarily working well when in-
stalled out of the box [Turnbull and Berryman, 2016, p.6]. The last
point sounds like a paradox but we will expand on this in more detail
in Chapter 5 where we argue that enterprise search simply will not
work when just applied in an out-of-the-box fashion.

However, after a period of consolidation in the enterprise search
Þeld, Microsoft SharePoint now appears to dominate the market. In
fact, Sharepoint has developed into a search-based application in which
much of the functionality is driven by search [White, 2015a].

Given the fast pace in practical developments we refer the reader
to online resources such as KMWorld10 and the blogs by Miles Ke-
hoe11, Steve Arnold12 and Martin White 13. Extensive usability advice
on enterprise search is provided by Jakob Nielsen14.

Before we discuss how to make enterprise search work we will how-
ever explore another important aspect of search which again lends itself
to identifying striking di!erences between enterprise search and other
application areas, namely evaluation.

10 http://www.kmworld.com
11 http://www.enterprisesearchblog.com
12 http://arnoldit.com/wordpress/
13 http://www.intranetfocus.com/blog
14 https://www.nngroup.com/people/jakob-nielsen/

http://www.kmworld.com
http://www.enterprisesearchblog.com
http://arnoldit.com/wordpress/
http://www.intranetfocus.com/blog
https://www.nngroup.com/people/jakob-nielsen/


4
Evaluation

The discussion so far has uncovered a number of distinguishing factors
that characterise enterprise search and which have a direct impact on
how systems are to be evaluated. One conclusion that we can draw at
this point and which we will expand on in this chapter is that stan-
dard IR evaluation metrics are not necessarily directly applicable to
enterprise search Ð at least not without making them Þt the enterprise
context and considering a range of additional metrics. In practice, en-
terprise search evaluation is performed as part of a continuous search
testing cycle which will be discussed in more detail in the next chapter
that explores how to make enterprise search work.1

This chapter will start with the concept of relevancein enterprise
search and discuss how this drives the choice of metrics used to evalu-
ate enterprise search systems. We will then look into di!erent existing
evaluation paradigms and how they can be applied in the enterprise
search context. Each such paradigm can naturally only address certain
aspects of a system. We will discuss evaluation campaigns for those

1This is more of an idealised view. A fairly common scenario is in fact that
enterprise search is seldom tested, rather developments are driven by complaints
from users.
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aspects of enterprise search that have attracted academic interest. We
also look at existing test collections (again only covering aspects of the
full enterprise search application scenario). Lessons learned are drawn
mainly from the more academically driven evaluation campaigns.

For readers who are less interested in the scientiÞc perspective on
evaluation and who are, for example, faced with the decision as to what
enterprise search solution to acquire, we recommend the practical guide
to specifying and selecting a search application in [White, 2015b, p.171-
190].

4.1 Relevance and Metrics

Standard Web search relevance measures do not necessarily apply in
enterprise search. For example, employees need to Þnd the best/correct
and not the most popular information [van der Lans, 2013],[Morville
and Rosenfeld, 2006, p.431]. In addition to that, the notion of a Ôgood
answerÕ is di!erent from Web search and the target of a search within
a work space environment is actually often to Þnd the Ôright answerÕ
[Fagin et al., 2003]. Finally, from the perspective of the users, relevance
is often relative [Rosenfeld, 2011], inßuenced less by the userÕs personal
interest but more by his or her domain knowledge [Wu et al., 2014].

Alongside a di!erent deÞnition of what it means to be relevant, we
also observe that this applies equally tometrics that are commonly
used as benchmarks in Web search.

Our main focus is on technical measures, more speciÞcally on e!ec-
tiveness rather than e"ciency, which aligns well with the approaches
dominating the research community. If we want to adopt precision and
recall as two commonly applied (families of) metrics in IR research,
then recall appears to be the more important measure in an enterprise
context, a feature enterprise search shares with many ÔnicheÕ application
areas but which is in contrast to precision-driven Web search as illus-
trated in Table 2.7.2 Having said this, precision and recall are highly
context-dependent in an enterprise search setting [White, 2015b]. At a

2Obviously, within an enterprise there will at the same time always be certain
types of queries that are clear-cut high precision queries, e.g. trying to Þnd a docu-
ment that describes the process for hiring a new employee.



84 Evaluation

high level these metrics are still applicable in certain enterprise search
application contexts. For example, for compliance purposes it is essen-
tial to achieve high recall so that no documents remain undiscovered
which could a!ect the outcome of a court case [White and Nikolov,
2013].

Manning et al. suggest Ôuser productivityÕ as a more relevant metric
in an enterprise context, i.e. the time spent on looking for information
they need [Manning et al., 2008, p.156].

White, very much framing enterprise search as a problem that needs
to be addressed not just theoretically but will have to work in realistic
applications, suggests Þve components to enterprise search evaluation:
technical performance, query performance, usability and accessibility,
search satisfaction, business impact [White, 2015b]. To do this properly,
it is important to go beyond search log analysis and user satisfaction
surveys and assess the impact on the business performance [White,
2015a]. Some of the technical metrics proposed by White that illustrate
the pragmatic aspect of enterprise search and that distinguish it from
general Web search include:

¥ Percent of searches that return zero results

¥ Percent of sessions that use search

¥ Average time spent after searching

¥ Average time spent before searching.

A non-technical metric that might be used to supplement other
benchmarks is uptake, i.e. proportion of employees who use the in-
tranet, the Nielsen Norman Group recommend it to be at least 75%
[Pernice et al., 2006].

More general considerations for information-seeking in an enterprise
setting include the observation that Òeasy access is of paramount im-
portanceÓ as Òthe cost associated with using an information source is
the most important determinant of its useÓ [Hertzum and Pejtersen,
2000]
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4.2 Evaluation Paradigms and Campaigns

There are many reasons why evaluating an enterprise search system
might be desirable including scientiÞc enquiry, product testing and for
internal purposes of the company [Hawking, 2010]. Our main interest
is in evaluations that are based around controlled experiments, i.e. that
provide the rigour of an academic approach.

Evaluation has always been an integral part of information retrieval
research, much of it in an academic context. While the general idea is
to assess how ÔwellÕ a search engine might perform there are many dif-
ferent angles and aspects one could consider which then leads to a wide
range of di!erent approaches to conduct the evaluation. This has re-
sulted in a number of commonly used evaluation paradigms starting
with the CranÞeld paradigm of the 1960s [Cleverdon, 1997]. Here we
will distinguish between technical evaluations(or system-focussed eval-
uations) which look at measures such as e!ectiveness and e"ciency of
a system, anduser studies that either involve real users or make an
assessment based on real or simulated user behaviour.

An alternative would have been to distinguish online and of-
ßine evaluation approaches [Hofmann et al., 2016], with the CranÞeld
paradigm being a typical o$ine approach and where online evaluation
can be deÞned as the evaluation of a fully functioning system applied in
a natural usage environment and measurements made based on implicit
user signals such as clicks and dwell time. This type of evaluation is
commonly applied in industry, for example by Web search engines, e.g.,
through A/B testing [Kohavi et al., 2007] and interleaving [Joachims,
2002, Radlinski and Craswell, 2010] as long as the pool of potential
users and their search activity is on a large enough scale. In an enter-
prise this is much less common3 which makes this type of evaluation
more di"cult to employ e!ectively. As a result, evaluation within an
enterprise is typically not conducted in the same way and evaluations
often look at speciÞc aspects of the search infrastructure [Wu et al.,
2014]. The implication is that any such evaluation only approximates
the natural usage environment. For technical evaluation metrics this

3Except for larger-scale companies or organisations.
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would normally mean that queries are sampled with the aim of ob-
taining a representative set of information needs. For user studies the
implication is that any analysis of their behaviour as derived from a
study will have a slightly artiÞcial touch to it no matter how hard one
tries to make the setting as natural as possible. Even if the analysis is
conducted using realistic log Þles of a search system one can only work
on assumptions made by analysing the implicit user signals obtained
from the logs.

4.2.1 Technical Evaluation Campaigns

Technical evaluations of enterprise search systems are not commonly
reported in the academic literature. However, some speciÞc aspects of
enterprise search have attracted interest from the wider research com-
munity when they were the subject of investigation as part of the an-
nual Text Retrieval Conference (TREC) series4. The TREC Enterprise
Search track had a distinct focus on search over emails and search for
experts within an organisation. The TREC Legal Track was primarily
concerned with an e-discovery scenario. We will brießy discuss both
campaigns.

TREC Enterprise Search Track

The TREC Enterprise Search track ran from 2005 until 2008. It was
introduced to conduct experiments with enterprise search data, namely
intranet pages, email archives and document repositories, that reßect
realistic search settings within organisations [Craswell et al., 2005].
Email search and expert searchwere the tasks in 2005 and 2006. While
expert search continued in 2007 and 2008, email search was replaced by
document searchwith the introduction of a new document collection
[Bailey et al., 2008a]. Originally, the document collection comprised a
crawl of the public pages of the World Wide Web Consortium (W3C)5

which in 2008 was replaced by a crawl of the public-facing web site of
the Australian Commonwealth ScientiÞc and Industrial Research Or-

4http://trec.nist.gov
5*.w3.org

http://trec.nist.gov
http://www.w3.org
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ganisation (CSIRO)6 (both discussed below). Both collections su!ered
from the fact that they only contained publically available pages which
makes the collections only a rough approximation of a realistic en-
terprise setting. However, the track has managed to generate a lot of
interest in the research community, primarily the expert Þnding task,
with rapid progress in algorithms, modelling and evaluation having
been made throughout the four years [Balog et al., 2009].

TREC Legal Track

The TREC Legal Track ran from 2006 until 2011 with a focus on e-
discovery of business records and other materials [Baron et al., 2007].
Despite some variations in the task deÞnitions throughout the years
the main focus remained to identify as many as possible (ideally all)
relevant documents from a collection that are considered responsive to
a legal request [Grossman et al., 2012].

Tasks included both interactive settings as well as batch processes.
The main change throughout the six years was perhaps the introduc-
tion of a new test collection based onemails which in 2010 replaced
a collection of largely scanned documentsused in the early years. We
look at these test collections in more detail further down.

The TREC Total Recall track 7 (introduced in 2015 after the Legal
track had Þnished) adopted a similar idea in trying to identify nearly
all (or a ÒreasonableÓ number of) relevant documents for a task at
hand, e.g. [Grossman et al., 2016].

4.2.2 User Studies

In line with system-focussed evaluations, there is a noticeable lack of
studies of user-based experiments in the refereed literature which in-
vestigate enterprise search systems, in particular such studies that are
based on controlled experiments with well-deÞned experimental set-
tings, e.g., as outlined in Kelly [2009]. Of the evaluations that have
been conducted, most rely on a fairly small sample of users and tasks.

6*.csiro.au
7http://trec-total-recall.org/

http://www.csiro.au
http://trec-total-recall.org/
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For example, Freund and Toms conducted a task-based study of
enterprise search behaviour of software engineers [Freund and Toms,
2006]. Simulated search tasks were used to study the search behaviour
of employees in a professional government setting (the Danish tax au-
thorities) [Svarre and Lykke, 2014], and Hansen and JŠrvelin studied
real work tasks conducted by ten professional patent engineers [Hansen
and JŠrvelin, 2000].

Exploratory search was investigated by a sample of employees
within a large oil and gas operator [Cleverley et al., 2017]. Barriers of
enterprise search systems were explored through guided observations
of engineers working in research and development of an organisation
in the vehicle industry [Stocker et al., 2015]. Participants conducted
search tasks and their search experience was recorded.

Log-based studies based on the search logs of varying enterprise
settings have been reported by Stenmark and colleagues. These include
studies of the search in a large manufacturing company (SwedCorp)
[Stenmark, 2005b,a, Stenmark and Jadaan, 2006], and an unnamed
large manufacturing company [Stenmark, 2007].

Other user studies include surveys conducted among employees, e.g.
practicing petroleum engineers from di!erent organisations who were
asked to assess the quality of query suggestion terms in exploratory
search [Cleverley and Burnett, 2015b], employees of di!erent types of
organisations to obtain insights into peopleÕs work-related information
seeking behaviour [Stenmark, 2010], as well as studies into the general
use and attitudes towards an internal companyÕs intranet, e.g., [Sten-
mark, 2006].

All these studies provide an interesting insight into enterprise search
but all of them come with the caveat that they might not easily be
generalisable beyond the speciÞc enterprise setting, the chosen set of
users and the type of domain-speciÞc tasks identiÞed as being relevant
for the given setup.

There is certainly room for much more research as any additional
study will provide another piece of what appears like a giant jigsaw.
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4.3 Test Collections

Progress in IR has beneÞted enormously from the availability of test
collections that allow the comparison of di!erent search algorithms
using a commonly agreed evaluation framework. Test collections have
become such a core feature of evaluation in information retrieval that
evaluation using test collections is now a research area in its own right
[Scholer et al., 2016].

A typical test collection consists of a set of documents, a set of
topics/queries and a set of relevance judgements (or ÔqrelsÕ, query
relevance sets) that specify the relevance of each document given a
query [Sanderson, 2010]. Test collections have become widely available
for a large number of di!erent search scenarios as exempliÞed by the
broad spectrum of search tracks in major evaluation campaigns such as
TREC, CLEF 8, NTCIR 9 and FIRE10. These tracks cover application
areas ranging from Web search to spam identiÞcation, from genomics
to chemical IR and also include enterprise search.

However, while test collections have been made available for the
TREC Enterprise Search track, it has to be pointed out that these col-
lections are far from representative examples of enterprise repositories
in general. Hawking points out that standard test collections and eval-
uation metrics for enterprise search are not easily available [Hawking,
2004]. This should come as no surprise given that there is one major
obstacle which White and Nikolov highlight in their analysis of the en-
terprise search market in the European Union when they argue that it
is di"cult to push forward the state of the art in enterprise search as
Òit is impossible to construct, or use with permission, enterprise-type
collections of information. Companies are not willing to provide access
to what is regarded as conÞdential information and, even if a collection
could be constructed, the range of queries that would be suitable to
use as test queries would be constrained by the information content.Ó
[White and Nikolov, 2013]. It is more complicated than that as or-
ganisations do not even want to let their competitors know what their

8http://www.clef-initiative.eu/
9http://research.nii.ac.jp/ntcir/

10 http://fire.irsi.res.in/fire/

http://www.clef-initiative.eu/
http://research.nii.ac.jp/ntcir/
http://fire.irsi.res.in/fire/
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employees might be searching for let alone what sets of documents they
might be searching [Hawking, 2010]

The problem is very similar to a desktop search context, i.e. the dif-
Þculties of working with personal collections, the di"culties in building
up personal collections, the lack of established or standardized base-
lines and evaluation metrics, and partly as a result of this the lack of
commonly available test collections [Elsweiler et al., 2010].

While enterprise search test collections are not freely available for
research purposes, they are being constructed and appliedwithin en-
terprises to continuously tune the performance of the search frame-
work in place. Just like with any test collection the aim needs to be
to build a representative and reusable set of queries and judgements
faithfully modelling a realistic enterprise search setting, and using log
data to bootstrap this process is one approach in which a uniform ran-
dom sample of queries might be drawn and corresponding answers to
the information need assumed to be triggering the query are identiÞed
[Hawking, 2010]. An alternative is to build domain-speciÞc test Þles
capturing actual user needs in the enterprise domain at hand without
reverse-engineering via log Þles, e.g. [Hawking et al., 2009].

Let us go one step further by putting ourselves into the shoes of
a search administrator within a company. Considering that enterprise
repositories are changing over time and that Þxed test collections are
therefore of limited use, a new paradigm of test-driven relevance tuning
has been proposed to allow content owners/creators and search admin-
istrators/developers to collaborate on improving relevance scores for
particular test queries [Turnbull and Berryman, 2016]. We simply use
this example to hint at the rather complex picture of enterprise search
evaluation and will discuss such practical issues in the next chapter
when we explore how to make enterprise search work.

Collections resembling aspects of enterprise search have neverthe-
less found their way into the public domain. They tend to focus on
either expert search or email search Ð both common enterprise search
needs.
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4.3.1 Expert Search

Expert search describes a core set of information needs in an enterprise
setting as we had already identiÞed. For this speciÞc type of problem
test collections have been made available to the research community.
The only ones that have been made freely available are:

¥ The World Wide Web Consortium Enterprise Search Test Col-
lection (W3C) is a crawl of the public W3C sites, described as
not comprehensive but still representing a signiÞcant proportion
of the public W3C documents [Craswell et al., 2005]. In 2005,
expert judgements are derived directly from the information con-
tained in the documents (working group membership was used as
ground truth). In 2006, the annotation was done by the TREC
Enterprise Search track participants [Soboro! et al., 2007].

¥ The CSIRO Enterprise Search Test Collection (CERC) presents a
gold standard for document searchand expert search[Bailey et al.,
2007] but with fairly limited structure. In fact, the collection is
based on a crawl of the CSIRO Web site together with informa-
tion need statements and relevance judgements for some real tasks
that arose from communicating the organisationÕs science to the
public and potential partners [Hawking, 2010]. As such one of the
novel points of this collection was that it realistically modelled an
actual task. In addition to providing gold standard judgements
by CSIRO science communicators who originally proposed the
topics, comparisons were made with other annotations, namely
silver standard (science communicators from outside CSIRO) and
bronze standard (TREC participants with neither task nor topic
expertise) [Bailey et al., 2008b].

¥ The Tilburg University Expert Collection (UvT) [Bogers and Ba-
log, 2007] represents a Web site with four main features, namely
(1) it is clean, heterogeneous, structured, and focussed, but com-
prises a limited number of documents; (2) it contains informa-
tion on the organizational hierarchy; (3) it is bilingual (English
and Dutch); and (4) the areas of expertise assigned to individu-
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als (i.e., the experts) are provided by the employees themselves
[Balog et al., 2007]

However, as a reminder we should reiterate that anyone wanting
to use these collections to improve the performance of a search sys-
tem employed on a di!erent enterprise will face the problem that the
queries are obviously constrained by the information content [White
and Nikolov, 2013]. More importantly, no two enterprises are the same,
which complicates things even further.

4.3.2 Email Search

Emails collected via the inboxes of employeeswithin an enterprise rep-
resent a substantial aspect of the wider area of enterprise search as
discussed in Chapter 3. Both the everyday search across emails as well
as search triggered by legal discovery demands were highlighted as im-
portant enterprise search applications.

Collections that emerge from email repositories are hence a valuable
source to identify patterns within an enterprise context. Two substan-
tial collections of this type have so far been made available (one freely
available and the other one through subscription).11 Note however, that
neither of the two collections is a test collection as for that to be the
case they would require a representative set of topics and judgements,
not just a corpus of emails. They nevertheless represent valuable re-
sources that have been used, for example, in the TREC Legal Track
(Enron) or to predict enterprise email reply behaviour (Avocado) [Yang
et al., 2017].

Enron Corpus

The Enron corpus is a good example of a more specialised dataset which
only became available as a result of external circumstances, in this
case at the conclusion of the investigation into the collapse of Enron.
The collection was made available by the Federal Energy Regulatory
Commission (FERC).

11 We should also point out that the W3C corpus has been annotated for email
search and email discussion search.
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The Enron corpus comprises a total of 619,446 messages belonging
to 158 users in the raw corpus which were then processed to result at
200,399 messages (by 158 users) [Klimt and Yang, 2004]. This process-
ing step involved the removal of certain folders that were computer-
generated and a de-duplication step.

The TREC 2010-2011 Legal Track used a processed version of the
Enron corpus that identiÞed 455,449canonical messages, e.g. duplicates
were removed; in addition to emails there are 230,143 attachments giv-
ing a total of 685,592 documents [Cormack et al., 2011, Grossman et al.,
2012].

Avocado

Similar to the Enron corpus, the Avocado Research Email Collectionis
a corpus of emails and attachments of communication within a now-
defunct IT company (ÒAvocadoITÓ is the pseudonym used to refer to
the company). The collection is distributed via LDC [Oard et al., 2015]

The Avocado corpus is bigger than Enron, the total number of
emails being 938,035 of which there are 323,574 duplicates, hence
614,461 non-duplicate emails. In addition to emails there are 110,023
attachments and 298,022 extracted Þles. The collection also contains
contact details, appointments, stickynotes etc. giving a total of 869,777
non-duplicated items.

4.3.3 Other Enterprise Collections

The TREC 2006 Legal track (and subsequent tracks in the following
years) used a document collection that itself emerged from real legal
cases. The collection, IIT CDIP 1.0, comprises documents related to
a set of smoking and health-related lawsuits which were released un-
der the tobacco ÔMaster Settlement AgreementÕ (MSA) [Baron et al.,
2007]. The Illinois Institute of Technology (IIT) produced a snapshot
of a subcollection with a total of 6,910,192 documents containing the
scanned images, OCR-processed text and metadata. The wide range
of document genres, including email, reports, memos, budgets, min-
utes, letters among others, resembles a typical enterprise search setting
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(as discussed in Section 2.5.1) but is also typical for a legal/discovery
setting [Baron et al., 2007].

4.4 Lessons Learned

There are a number of important Þndings from the discussion in this
chapter that provide an explanation as to why enterprise search has
attracted little attention in the academic community. These include:

1. Due to the very nature (and value) of a document collection
within an organisation or company it is hardly possible to get
hold of realistic test collections. Exceptions are those that have
been constructed for very focussed information needs and collec-
tions that have been made available due to some legal rulings.

2. Even if it was possible to distribute a complete enterprise informa-
tion infrastructure, it would be di"cult to generalise any Þndings
obtained from working with this distribution as each enterprise
collection will di!er from any other.

3. Evaluation metrics that are relevant in enterprise search do not
easily align with those proposed in academic IR research.

The Þndings presented here may sound a bit ÔpessimisticÕ but what
this tells us is that evaluation needs to be tailored towards a speciÞc
use case, needs to be conducted on a continuous basis and, concluding
from this, if these requirements are not addressed properly, enterprise
search will eventually fail.

What would help are methodologies for evaluation that are devel-
oped in collaboration between academia and industry which can easily
be applied in an enterprise setting by search administrators who will
have access to suitable test data. The methodologies could be developed
using public collections.

The next chapter will investigate what needs to be done to make
enterprise search work.
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Making Enterprise Search Work

ÒRecognize that enterprise search is an approach
and not a technology.Ó [White, 2015b]

Having laid the foundations of what deÞnes enterprise search in
Chapter 3 and having contextualised it with the evaluation literature
in Chapter 4, we will now focus on what needs to be done to make it
actually work in practice. Enterprise search is more than just a search
engine, i.e. a purely technological issue. First of all, to work properly, it
needs to be seen as a continuous process rather than a one-o! project
[Findwise, 2015]. It relies on a multi-disciplinary search team [White,
2015b]. Finally, making enterprise search work is in many ways di!erent
to making other search applications work, for example the existence of
an explicit strategy for enterprise search within an organisation has a
signiÞcant (positive) e!ect on user satisfaction in regards to the search
engine [Stenmark et al., 2015, Findwise, 2016].1 More generally speak-
ing, achieving search excellence should be seen as a journey and not
just a project [White, 2015b]. This is all the more important given the
time an average knowledge worker is estimated to spend searching for

1yet only a small fraction of businesses appear to have such a strategy in place
[Miles, 2014]
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information which is typically in the region of 20% to 30% [Feldman
and Sherman, 2001, Doane, 2010].

Having said all this, there appears to be a startling contrast between
the requirements and expectations on what an enterprise search system
should be able to do and what is actually being done to make enterprise
search work. The AIIM survey captures this conundrum nicely by sum-
marising that 71% of polled organisations consider enterprise search to
be vital or essential to productivity and e!ectiveness but 58% show
little or no search maturity [Miles, 2014]. Search maturity here com-
prises features such as an agreed corporate taxonomy or vocabulary of
terms, a metadata standard across di!erent repositories, a dedicated
budget, dedicated and trained search sta!, an owner of search, and
a search strategy. Even in the largest organisations (about a third of
the more than 400 respondents representing companies with more than
5,000 employees) more than half had not a single one of these features
present. Some core issues of how enterprise search can actually be made
to work are discussed in more detail in the following sections.

The discussion so far makes a strong case for continuous support
and customisation of the search environment. What can in part be left
to the automatic indexing tools in other search contexts is simply not
su"cient to make enterprise search work. Tools to support the mainte-
nance of an enterprise search system are essential and so is appropriate
support for users accessing the system.

This chapter will discuss both administrator and end user support
with a stronger focus on the latter as we will embed the support of
the administrator in the wider context of relevance tuning as a core
requirement. Our interests are more centred around the technical issues
than management issues which are not the focus on this monograph.

5.1 Putting the User in Control

There are many ways in which the user can be put in control and much
of it depends on the speciÞc audience, the type of search and other
factors. We will again focus on issues speciÞc to enterprise search here
and refer the interested reader to Morville and Callander [2010] and
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Russell-Rose and Tate [2013] for a much broader and more detailed
discussion of how to design user-centred search applications.

5.1.1 Basics

Putting the user in control starts by making sure the user perceives
the search system as something valuable that will contain information
which can satisfy a speciÞc user need as otherwise users might be reluc-
tant to use the system at all [Stenmark, 2006, Hertzum and Pejtersen,
2000].

Data silos (often going hand in hand with di!erent responsibilities
across departments) have already featured prominently in our discus-
sion but an even more fundamental step is to digitise data in the Þrst
place so that it can be searched at all. While this might seem obvious,
this Þrst step needs to be seen as a prerequisite for all follow-on steps,
and the McKinsey report on big data explicitly identiÞes the public
sector in which they discovered Òcases where departmental personnel
were spending 20 percent of their time searching for information from
other government departments using non-digital means (e.g., paper di-
rectories and calling people), and then obtaining that information by
traveling to other locations and picking up data on physical mediaÓ
[Manyika et al., 2011, p. 97]

There are other basic steps that should be considered to be in-
cluded in any enterprise search context such as query suggestion and
auto-completion, e.g. [Hawking and Gri"ths, 2013]; this can be essen-
tial in people search [Guy et al., 2012]; also query-rewriting which in
an enterprise search context may require domain knowledge to decide
whether a query rewrite rule can be considered ÔreasonableÕ or Ôsense-
makingÕ [Bao et al., 2012a].

Another basic but important consideration is based on the obser-
vation that many enterprise search failures are due to the desired doc-
ument being outside the default search scope. Jakob Nielsen considers
scoped search dangerous in general and recommends that the default
search scope should always include the entire site with suggestions be-
ing o!ered for narrowing down the scope if appropriate. 2

2https://www.nngroup.com/articles/search-visible-and-simple/

https://www.nngroup.com/articles/search-visible-and-simple/
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Due to the limited user base of an enterprise search engine as op-
posed to a Web search engine, there is the challenge that the collected
log Þles are of a much smaller scale than Web logs and they therefore
su!er more from data sparsity which will a!ect the e!ectiveness in gen-
erating any query suggestions in the Þrst place. One solution is to focus
on frequent queries [Kruschwitz et al., 2013], an alternative is not to
use log Þles at all but to exploit occurrence of terms and phrases in the
document collection which has been shown to be e!ective in suggesting
auto-completions in an enterprise context [Bhatia et al., 2011]. After
all, organisations have structured sources of data like sta! directories,
product catalogues or domain-speciÞc taxonomies which can be used
to drive e!ective auto-completion.

As discussed, a lot of information in an enterprise setting is hidden
in email repositories. Much of the research on email search relates to
personal email, but there is a wealth of knowledge in the email sent
to distribution lists or to functional email addresses. When new em-
ployees start work, or employees change roles, the corporate memory
associated with their role is entirely absent from their personal mail
box. This lack can be overcome if mail sent to functional addresses
such assales@x, dvc-r@uni-x , support@x, etc. is archived and made
searchable. Suchcorporate email repositories also help addressing the
problem of knowledge being lost due to sta! turnover (corporate mem-
ory). Future research will have to Þnd out whether conclusions drawn
from search over personal email will also apply to corporate email,
such as the preference of a date-based ordering of search results over a
relevance-based one [Dumais et al., 2003].

5.1.2 Supporting Exploration

Navigational searches might make up the bulk of frequently submitted
queries, nevertheless, exploratory search has been identiÞed as a key
activity among information workers e.g. [Cleverley and Burnett, 2015b,
Stenmark, 2008].

Adding support for exploration in addition to standard search is
therefore essential to cover typical information needs in an enterprise
environment. Russell-Rose and Tate propose the analogy of Ôsearch as a
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journeyÕ in which the search process is an ongoing exploration [Russell-
Rose and Tate, 2013], and, although very generic, this surely Þts a
typical organisational context in which repositories need to be discov-
ered, content assessed and ideally by the end of the journey a much
clearer picture of the information space has emerged in the searcherÕs
head. They identify four speciÞc dimensions that need to be taken into
account to properly implement this paradigm, namely the type of user
including their level of knowledge and expertise, theirgoal, their con-
text, and their search mode.

White and Roth provide a list of features that are appropriate and
necessary, i.e. must be present, for exploratory search systems [White
and Roth, 2009]. Some of these features map directly into the infor-
mation needs identiÞed for enterprise search discussed in Chapter 3
and include the need forfacets and metadata-basedresult Þltering, the
need to leverage searchcontext, support querying and rapid query re-
Þnement, facilitate collaboration and support task management, among
other features. In fact, contextual di!erences should be taken into con-
sideration when generating suggestions proposed via facets [Cleverley
and Burnett, 2015b].

Looking at more speciÞc types of exploratory search, take the ex-
ample of email search. Users can be pro-actively supported in exploring
related internal and external content as part of their email communi-
cations, e.g. the current email can be used as context to retrieve and
display related information. This has been applied in a seven-week trial
in a large IT enterprise with the most commonly used feature of the
tool being the uptake of automatic recommendations of related corpo-
rate information with participants stating that searching for informa-
tion within the corporate repositories being made signiÞcantly more
e"cient [Laqua et al., 2011].

One might also go a step further, i.e. beyond search by providing
support in exploring and analysing relational enterprise data [Zouzias
et al., 2014].

The combination of automatic and manual knowledge organisation
methods, e.g. manually constructed thesauri in combination with co-
occurrence-based clustering of words, is a promising paradigm to not
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just help exploring a collection but also facilitate serendipitous infor-
mation discovery [Cleverley and Burnett, 2015a].

Ideally, search and browsing should both be supported [Morville
and Rosenfeld, 2006, p.35-37]. In this respect, many ideas to provide
users with more control have been proposed forWeb search but they
seem equally (if not more) applicable in enterprise search, e.g., Olston
and Chi [2003] combine the strengths of searching and browsing in a
single interface. This guides users towards search results by highlighting
relevant hyperlinks on the Web pages that they are browsing. Another
approach to combine the two interaction modes is proposed by Freyne
et al. [2007] in an attempt to harness and harvest community wisdom
by incorporating social search and social browsing. White et al. [2007]
enhance Web search by suggesting links to Web sites frequently visited
by other users with similar information needs Ñ in addition to the reg-
ular search results. This exploits the searching and browsing behaviour
of previous users.

As outlined in the discussion of related work, Web sites and in-
tranets, types of collections which we consider to fall within the scope
of this review, can be di"cult to navigate [Karim et al., 2009]. Apart
from utilizing a domain-speciÞc taxonomy for navigation support, e.g.
[Lund and ¯rnager, 2016], another common approach to add assis-
tance to a Web site or an intranet is to use an overlay window or hover
text, essentially adding a ÒlayerÓ on top of an existing site. This can
be used for presenting search results, e.g. [White et al., 2002, Dumais
et al., 2001], or for navigation by introducing automatically acquired
summaries [Alhindi et al., 2015] or links and suggestions to commonly
visited pages, taking advantage of the collective search and navigation
e!ort of other users [Karim et al., 2009, Saad and Kruschwitz, 2011].

5.1.3 Applying Analytics

The information gained from search logs is an important aspect of
getting insights into what employees are searching for, and combining
the knowledge of the business of the organisation with the information
obtained from the search logs on a regular basis provides some key an-
alytics [White, 2015a]. Applying analytics to tune the overall relevance
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ranking of a search engine will be the focus of the next section, but
here we look at how users can be better supported in the actual search
process by applying analytics.

Obviously, di!erent employees will conduct di!erent searches de-
pending on their role in the enterprise. However, rather than start-
ing with the organisational structure one might exploit the search be-
haviour as recorded in the log Þles to automatically cluster user groups,
e.g. [Stenmark, 2008]. Such process uncovers that the user population
is not a homogeneous group of information seekers but that they have
very di!erent approaches to searching (e.g. fact Þndingvs. more holistic
information seeking) and this clustering stage can be used to help devel-
opers provide more targeted solutions instead of the currently predom-
inant one-size-Þts-all approaches. Interestingly, applying topic models
based on the usersÕ search behaviour in a mid-sized enterprise it was
found that the communities inferred by the topics showed signiÞcant
di!erences from the pre-deÞned organisational structure suggesting the
application of such analysis to get a more truthful representation of
usersÕ shared interests [Carter et al., 2014].

Applying analytics to identify common types of search can also as-
sist in moving away from (or enhancing the process of) simply returning
a list if matching documentsto presenting actual snippets ofinforma-
tion, e.g. by supporting Ôsearch by typeÕ using information extraction
methods to identify the type of query, e.g. a person, manual or product
[Li et al., 2005].

Analytics should also be applied to help the search administrator
by graphically or textually explaining why a particular desired result
was not returned in response to a query. Examples areÔIt is not in the
indexÕ, ÔIt is security or robots protectedÕ, ÔIt does not contain any of the
query wordsÕ, ÔMore than ten other documents rank more highly than
yours - here is a graphical display of the component ranking scoresÕetc.

Finally, looking beyond search, analytics tools that support discov-
ery need to be continuously maintained not just due to the ever-growing
size of the collections but also due to new regulations and new trends
in litigation discovery [Cherkasova et al., 2009].
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5.1.4 Taking the User Seriously

O!ering the user to control the settings helps making the system more
transparent. It may well be that a user never ever changes any of the
default settings as commonly observed, e.g. [Markey, 2007]. However, it
can also help avoid confusion. If a user or group proÞle is being applied
in the search system for example and a user conducts a broad range of
searches, one might o!er a small set of group proÞles such as ÔsalesÕ,
ÔHRÕ, ÔR&DÕ, or alternatively Ôplain vanillaÕ [Hawking, 2010].

An important general aspect of search systems Ð enterprise search
or other applications Ð is to make sure the user is indeed in control by
being able to switch options on and o! [White, 2016, p. 301Ð303].

O!ering a single point of access for employees to all information
sources, whether internal and external-facing, should be desirable for
any enterprise search application although the access permission secu-
rity issues to be addressed might not be trivial, e.g. [Best et al., 2007].

Intranet users may actually be willing to cooperate with the search
engine to improve the search quality not just for them but also for col-
leagues [Dmitriev et al., 2006], this can be exploited to acquire explicit
page annotations that are treated like anchor text (which tends to be
more sparse in such environments). The willingness of users within an
enterprise to provide explicit feedback has also been demonstrated in
a log study of an enterprise social media platform employed in a large
organisation [Guy et al., 2016]. The study just looked at the Ôliking
behaviourÕ, i.e. an employee pressing the ÔlikeÕ button of a post, and
observed that information need was a dominant reason for such activ-
ity.

5.1.5 Aggregation and Facets

Aggregation and ranking of results coming from di!erent sources (a
key feature of enterprise search) has already been pointed out as a
challenge Ð also due to the fact that sources might vary in coverage
and authority. A possible approach is to avoid merging results alto-
gether [Hawking, 2010]. A study of a government metasearch context
concluded that users were much more receptive to interfaces which
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supported the usersÕ choices when navigating the results than having a
merged interface which was rated poorly despite it being the most fa-
miliar one [Thomas et al., 2010] Ð not that surprising though given the
problem with merging from di!erent federated sources. Exposing the
di!erent sources and o!ering navigational aids to explore the results
puts the user in control. The recommendations on intranet usability by
the Nielsen Norman Group back this up by, e.g., proposing to clearly
di!erentiate intranet site search and employee directory search [Per-
nice et al., 2007, p.66] and by recommending to treat special reposito-
ries that most employees would not normally want to search separately
from the usual search functions [Pernice et al., 2007, p.25].

Standard faceted search can be extended to not just return counts of
documents across facets but to allow richer aggregation which supports
better decision making [Ben-Yitzhak et al., 2008]. This is an example
where enterprise search meets business intelligence and the user is put
in control as he or she explores the data collection.

The preferred lookup mode might not actually be the use of a search
engine but the use of menus as uncovered by a survey among three dif-
ferent organisations, a large manufacturing company, a medium-sized
manufacturer and a municipality [Stenmark, 2010]. Regardless of or-
ganisation or role, menus were preferred over search engines, the use of
bookmarks and notiÞcation services. The same observation was made
in a larger-scale study of intranet usage in 27 organisations ranging-
ing from about 100 employees to about 160,000 [Pernice et al., 2007,
p.11-13].

5.2 Relevance Tuning and Support

This section will look at the more technical issues that need to be
addressed to make enterprise search work. Unlike Web search engines,
enterprise search is still largely managed in an ad hoc fashion [Li et al.,
2014]. Despite this, we can distinguish a number of di!erent ways in
which relevance tuning and support can be applied and we will discuss
them in turns.
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5.2.1 Relevance Tuning

Tuning a ranking algorithm for an enterprise search system to the infor-
mation it actually indexes can make a great di!erence [Hawking, 2010].
In enterprise search, tuning is therefore an essential requirement, the
search tool should be monitored, evaluated and tuned [Miles, 2014].
However, in line with other discrepancies between expectation and re-
ality as we discussed earlier, Miles also reports that only 18% of organ-
isations monitor ongoing results, 30% running the search system out
of the box and 38% not even having tuned their search tools at all,
all of which makes the divergence between expectation and perception
less surprising. Rosenfeld observes that site search analytics still does
not receive much attention no matter whether it is a small setting or a
more advanced one with entire business units devoted to Web analytics
and user research [Rosenfeld, 2011, p.25].

Search and access logs are a rich source of information to iden-
tify important/typical user needs [Hawking, 2010] based on which the
search system can be tuned but these might not be available at su"-
cient scale to be exploited for ranking, for example [Chaudhuri et al.,
2011].

5.2.2 Domain-customisation

The use of metadata and domain-speciÞc taxonomies to organise and
classify content can help users Þnd the right information, in particu-
lar in a controlled space like an enterprise, e.g. [Schymik et al., 2015].
In fact, the majority of organisations surveyed by Findwise in 2016
make use of such organisational structures [Findwise, 2016]. A practi-
cal problem that arises however is that the information explosion has
reached the point where many information architects no longer have a
full grasp of the themes and topics covered in the collection [Mukherjee
and Mao, 2004] which makes it even more crucial that di!erent teams
being in charge of such knowledge structures coordinate their e!orts
[Findwise, 2016]. Another problem is that every domain is changing
and this should apply to the domainÕs vocabulary and its descriptive
metadata as well but typically it lags behind [Rosenfeld, 2011, p.150].
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While taxonomies o!er huge potential beneÞts they also need to be
seen from an economic perspective, no matter whether they are ßat
term lists, thesauri, classiÞcation schemes or organised in other ways.
Apart from being an asset they can also be a liability if, for example,
they are incomplete, out of date, confusing to users or simply not used
at all [Bedford, 2014].

Vocabulary mismatch is a particular example addressed by domain-
customisation. The mismatch between vocabulary of users and that
of authors is particularly striking on intranets where corporate policy
dictates that certain terms are avoided in o"cial documents or on Web
pages, e.g. [Dmitriev et al., 2006]. In line with that and as noted earlier,
domain dictionaries like acronyms and person names have signiÞcant
value in improving precision, e.g. [Zhu et al., 2007]; also synonym lists
can be a powerful tool for expanding terms into known alternatives i.e.
company-wide vocabularies, acronyms etc., e.g. [Lund and ¯rnager,
2016].

Issues around multilinguality need to be seen as part of the cus-
tomisation step. International organisations might well choose English
as the corporate language as a default but in reality there will be a
mix of other languages being used, e.g. United Nations (UN) agencies
have to support six di!erent languages as a matter of policy [White and
Nikolov, 2013]. Equally, even in multinational organisations there will
be local communication that will not necessarily be in the corporate
language.

Multi-national enterprises require additional customisation, e.g. the
catching of phonetic misspellings when looking up names [Guy et al.,
2012]

5.2.3 Quality Control Mechanisms

Enterprise search relies heavily on manual intervention to assure that
certain common/important information needs can be guaranteed to be
served no matter how the ranking algorithm might a!ect the order of
resulting documents.

A simple approach is to target frequent queries, after all, enterprise
search queries tend to follow a power law distribution and the 200 most
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frequently submitted queries may well make up 20% of the overall query
tra"c [Norling and Lamb, 2017, p.336Ð337].

Among the most popular approaches in this respect are Ôbest betsÕ
and Ôquery boostingÕ as well as the tuning of top-N queries. One does
however need to be careful with sampling of top queries to have conÞ-
dence in the expected performance [Rowlands et al., 2007]. Best bets are
very powerful while being simple but care needs to be taken in deciding
which queries should be considered. Rather than simple frequency, a
combination of popularity and persistency is sensible [Rosenfeld, 2011,
p.127]. Over-use of boosting is also common: it is likely that di!erent
groups of users will have di!erent views of the relevance of certain re-
sults, and if one group is able to impose their own views on boosting,
then this may have a signiÞcant negative e!ect on relevance for others.

It might be the case that the best answers to a query are not found
because of a terminology mismatch or because the document only exists
as a scanned copy. In such cases it might be better to improve the
way information is published rather than tuning the system [Hawking,
2010]. If these are very common information needs, then Ôbest betsÕ
might well be the best solution.

There are a few important considerations to take into account when
applying best bets. One issue is the integration of the manually chosen
matches with algorithmic results. Best bets should be removed from
algorithmic results to avoid wasting valuable space due to redundancy
[Morville and Callander, 2010, p.91]. Furthermore, incorporating best
bets is necessarily labour intensive and without proper maintenance
the search system can become an embarrassment.

The selection of data sources to be searched and indexed is impor-
tant, e.g. [Morville and Rosenfeld, 2006, p.151]. Obviously there is a
trade-o!, as a large quantity of searchable information o!ers potentially
greater beneÞt to the business but it also complicates the possibility of
Þnding the right information [Norling and Lamb, 2017, p.328]. In devis-
ing an enterprise search strategy PwC (PricewaterhouseCoopers) have
focussed on making business critical content searchable rather than all
content resulting in a dramatic improvement in usage [Findwise, 2016].
This is a practical example of something more fundamental, namely ap-
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plying the removal of ROT Ð redundant, outdated, trivial data [Morville
and Callander, 2010, p.38].

The collection also needs to be checked for missing content, e.g.
using search logs as in [Jhamtani et al., 2017], as not Þnding a docu-
ment is a common cause for complaints from end users in an enterprise
and reasons could include an actually missing document, missing con-
nectors/Þlters, access restrictions, and an out-of-date index [Hawking,
2010]. A task-based study of the search behaviour of software engineers
within a large hi-tech company found that they failed to identify any
useful documents in about a quarter of all searches [Freund and Toms,
2006]. Applying site search analytics, i.e. the regular analysis of query
logs and how the search engine responded to user queries, should be
able to ßag up such cases and should in any case be a standard tool
for the site manager but all too often receives little or no attention
[Rosenfeld, 2011].

5.2.4 The Human in the Loop

A practical di"culty is that enterprise search is typically managed by
administrators who are domain experts but not search experts which
means that translating the domain knowledge into tuning an underly-
ing retrieval model is non-trivial if not impossible [Bao et al., 2012a,b].
To put it di!erently, domain experts in an enterprise tend to be very
knowledgeable and experienced in their speciÞc domain with a deep
insight into the problem area and the contents of the documents but
they are likely to have less formal training on how to formulate search
strategies [Wu et al., 2014]. Baoet al. address this by o!ering search
architectures for the administrator that feature two principles, namely
ÔcomprehensibilityÕ of the ranking mechanism which makes the ranking
transparent and ÔcustomizabilityÕ of the search engine by means of ad-
justable rules for reranking and query rewriting [Bao et al., 2012b]. Wu
and colleagues demonstrate that having domain experts involved in im-
proving the search results by providing explicit relevance assessments,
in particular for frequent queries, leads to more accurate results and as a
result o!ers substantial cost beneÞts [Wu et al., 2014]. The idea of Ôtest-
driven relevance tuningÕ addresses the exact same point, namely the
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speciÞc problem of relevance in enterprise search by connecting busi-
ness users (who know what results are relevant) with technical people
(who know how to adjust the search algorithms accordingly) [Turnbull
and Berryman, 2016], ageneralenterprise-search-speciÞc problem.

O!ering search administrators and domain experts the ability to
customise the process of interpreting user queries then turns into a
requirement [Fagin et al., 2011]. Faginet al. report that o!ering a query
rewriting administration tool proved to be a powerful and e!ective
mechanism with substantial uptake.

Much of the highlighted support for search administration is done
by direct intervention or manual customisation but there is also scope
for machine learning-based approaches, e.g. the supervised classiÞca-
tion of a query rewrite rule being considered as ÔnaturalÕ [Bao et al.,
2012b].

Figure 5.1 sketches the typical cycle of relevance tuning in enterprise
search.

A more detailed discussion of the more hands-on issues can be found
elsewhere [White, 2007, 2015b].
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Figure 5.1: A search relevance testing ßow chart for enterprise search



6
The Future

The future certainly looks interesting with a number of developments
already shaking up the enterprise search market. To pick just two,
think of some general trends such as the move towards cloud solu-
tions and open-source platforms. Here we will look into some emerging
trends and potential future developments. We also identify some re-
search challenges in enterprise search which are mainly derived from
progress made in Web search. There is no claim for completeness as
this is our very own take on where things might be moving and where
potentially interesting avenues open up.

6.1 General Trends

The adoption of social media in enterprises is rapidly gaining pace. This
does and will have an impact on the information seeking processes
within organisations and an example area in which this can already
be observed is the way in which new employees tap into knowledge
about the company they are joining, as well as its culture and values
[Treem and Leonardi, 2012]. In analogy to interpreting enterprise search
as a platform rather than a technology, one could treat the di!erent

110
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social media tools employed in an organisation as part of an integrated
enterprise social media platform [Leonardi et al., 2013].

Security issues are already a major concern with 31% of respondents
in the AIIM survey reporting that security and permission concerns
would be a Ôshow-stopperÕ and a further 41% treating it as a major
concern [Miles, 2014]. This is only going to become more of an issue
with the rise of cloud-based solutions.

A more general and hardly surprising observation is that the
amount of data generated, stored and consumed in enterprises and
beyond has been shown to grow exponentially [Manyika et al., 2011]
and this rise of Big data o!ers potential but also serious challenges if
the full potential of this data is to be captured. The McKinsey report
estimated that in 2009 each company across all sectors of the US econ-
omy was sitting on 200 terabytes of stored data on average Ð though
much of this will comprise sensor and behavioural rather than text data
and as such will not be directly applicable to enterprise search.

We will also see more of a convergence of natural language process-
ing and information retrieval techniques when it comes to any form of
text analytics. The identiÞcation of named entities, relation extraction,
sentiment analysis are all becoming standard processing steps. The re-
cent text book by Zhai and Massung is the best example to demonstrate
this development [Zhai and Massung, 2016].

6.2 Technical Developments

Deep learning approaches to search are rapidly Þnding their way into
search algorithms and this will certainly have an impact on the underly-
ing technology employed in enterprise search engines (with some delay).
One only has to look at the proceedings of recent major information re-
trieval conferences such as SIGIR, WSDM and ECIR to see how rapidly
neural-network-based approaches have become the paradigm of choice
(just compare the frequency of terms likeneural networks, embeddings,
deep learning in this yearÕs proceedings with the same conference ten
years ago). This development started even earlier in the computational
linguistics community (e.g. see the ACL and EMNLP proceedings).
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Cloud applications are everywhere now. The enterprise market is
already well-represented in the ÔcloudÕ Ð even the concept of Ôsearch-as-
a-serviceÕ has been established [Singh et al., 2009], but there are some
interesting problems that come with this move beyond simple scala-
bility and availability such as legal aspects, access control, etc. Many
common challenges such as security and Þne-grained access control get
ampliÞed in the context of moving a service to the cloud [Chaudhuri
et al., 2011]. Cloud collaboration, for example throughDropbox and
GoogleDrive, is now a well-established paradigm in an industrial set-
ting with participants often using more than one shared repository
[Massey et al., 2014]. It will also be very interesting to see the e!ect
of the demise of the Google Search Appliance (GSA), a now-deleted
product, still installed on many customer sites. This is likely to further
push the move towards cloud solutions, but do note the points made
above Ð cloud solutions are not appropriate for everybody, there are
concerns about security (especially across borders), privacy etc. which
are very important.

The more wide-spread use ofopen-sourceapplications seems like
a natural progression given the rising popularity of platforms such as
Apache Lucene/Solr and Elasticsearch and the general appetite within
organisation for open source solutions [Miles, 2014].

The acquisition and curation of taxonomies and metadatawill likely
remain a core task in enterprise search for some time. Automatic ap-
proaches tend to be fast and scalable and the level of noise might be
an acceptable trade-o! when compared to the manual e!ort a knowl-
edge engineer might have to invest in creating such resources. A range
of methods have been developed to turn document collections as well
as query logs into structured knowledge that can be utilised for search
support but also to support users exploring a collection, e.g., see [Clark
et al., 2012] for an overview. Similarly, metadata can also be automat-
ically mined in order to improve access to relational databases. Cortez
and colleagues aim to enrich database schemas with descriptive key-
words. To do this they Þrst mine enterprise spreadsheets to Þnd candi-
date terms that are then automatically assigned to corporate databases
[Cortez et al., 2015].
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Compliance issues are making enterprise search more essential (as
discussed in the related work section, compliance does already form
a major part of typical enterprise search needs in bigger companies).
There is evidence that compliance failure and major litigation issues
frequently trigger the re-evaluation of search tools within an organisa-
tion [Miles, 2014].

A major issue to be addressed is to move away from a more ad hoc
evaluation approach to enable automatic evaluation and generally cut
down manual involvement [Li et al., 2014].

Other technical developments that are clearly happening in search
but might have an impact more in the longer term on enterprise search
include the move to mobile search, speech-driven search, even image-
driven search and new developments in graph search [Makhani, 2015]1.
The last point in particular will have an impact not just on the archi-
tectural design of search applications but also on evaluation methods.

6.3 Moving towards Cooperative Search

Computer-Supported Cooperative Work is an area with a lot of poten-
tial, e.g. [Morris et al., 2008]. It has to be acknowledged though that
despite recent progress there is still work to be done to develop sys-
tems that are capable of supporting e!ective intentional collaborative
searching [White, 2016, p. 251].

Collaboration via tools like Dropbox, SharePoint, Slack and
GoogleDrive is now well-established but e!ective search mechanisms
still need to be employed, although it also needs to be recognised that
in a qualitative study that Massey and colleagues conducted looking
into how co-workers overcome major co-organizational barriers found
that less than a third of their subjects needed to conduct search to Þnd
the information they were after [Massey et al., 2014]

For enterprise search there is even less progress and White summa-
rizes that in an enterprise setting Òsearch remains a solitary exerciseÓ
[White, 2015b]. Having said this, there are examples of collaborative

1given the structured nature of much of the searchable content in an enterprise
information infrastructure
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search in provenance-related contexts, e.g. in the construction indus-
try, where collaborative search e!orts may last for days or weeks, e.g.
[Khan et al., 2016].

The development of more extensive virtual teamwork can how-
ever be seen as one factor that will make collaborative search work
more common. An important practical aspect is of course that tools
for collaborate search need to be designed for that purpose [Hansen
and JŠrvelin, 2000] and search vendors will then have to build support
into the products. One Þrst step towards supporting more collaborative
work might be to identify latent groups of users that appear to share
common interests as expressed by their search behaviour but which are
opaque to ground truth enterprise structure [Priest and Carter, 2014,
Carter et al., 2014].

Beyond enterprise search there is work on computer-supported co-
operative work that could be employed, e.g. group-based information
appears to be a promising route for a community of users with common
concerns. Such communities are formed of individuals Ñ e.g. employees
of a company or members of a university Ñ that, over time, collectively
acquire knowledge about a resource such as a local Web site. The idea
is to tap in to this knowledge, and facilitate the sharing of search and
navigation experiences among community members [Smyth, 2007]. This
bears some resemblance with the idea of Òtrait-based groupsÓ as people
who Òmay be highly likely to repeat or augment tasks already accom-
plished by other group members, have interests in the same queries and
results as other group members.Ó [Teevan et al., 2009]. The idea is that
learning from one user should beneÞt future users with similar infor-
mation needs, an idea also shared with other approaches of assisting
users in navigating a collection, e.g. [Alhindi et al., 2015, Kantor et al.,
2000, Wexelblat and Maes, 1999].

6.4 Some Research Challenges

We would like to point out a number of research challenges and direc-
tions that in our view o!er the potential to make signiÞcant progress
on the technological side of enterprise search. Much of this has to do
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with trying to adopt recent progress made for Web search and adjust it
accordingly so that enterprise search applications could beneÞt. These
challenges complement the directions and open questions we mentioned
in passing as we reviewed the Þeld.

6.4.1 Transferring from Web Search

A huge amount of work has been done on learning ranking functions
for Web search. This is also true for spelling correction systems, query
rewriting, knowledge graphs, and answer panes. Is it possible to trans-
fer learnings from the Web search domain to the enterprise? This is an
interesting question in general but one of speciÞc importance to compa-
nies like Google, Microsoft, Yandex and Baidu. How can learnings from
user log data collected on a Web search engine be used to overcome
the sparsity of user behaviour data in enterprise clouds, email services,
etc.?

6.4.2 Closing the Vocabulary Gap

We noted that there is often a vocabulary gap in enterprise search
Ð students search forcourses but the university intranet only knows
modules; users search forgun licensebut the relevant document talks
about permit to acquire a long arm; the search is forÞscal outlookbut
the user actually wants documents that discuss thebudget situation.
Now, this vocabulary gap is equally present in Web search, but the
existence of large-scale query logs and user behaviour data means that
auto-complete and query suggestions can address this problem quite
e!ectively. Devising techniques for closing such gaps in the absence of
large-scale logs is an interesting challenge for the research community.

Similarly, how do you provide accurate and useful spelling sug-
gestions in the absence of large-scale log data? Dictionary-based ap-
proaches are very limited, in particular in a multi-lingual environment,
word-by-word comparisons are crude, and two speciÞc features of en-
terprise search complicate this process. First of all, one needs to avoid
making suggestions that have no answer, and secondly, the access rights
of users need to be considered when applying suggestions so that no
information is given away beyond what that user is allowed to see.
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6.4.3 Research without Test Collections

We noted that there are essentially no shareable test collections avail-
able for enterprise search, a signiÞcant shortcoming when conducting
research compared to other areas of information retrieval. Again, re-
search developments in Web search point at some possible directions
here, namely a simulation approach to automatically construct test col-
lections or approaches that work without the need of test collections
altogether.

With a shortage of usable test collections, simulation studies repre-
sent an appealing route to conduct research. Simulating the choice of
user queries and their judgement can be used to build a test collection
which could be used just like a manually created one. This is now a
well-established paradigm for Web search as it has been demonstrated
that simulated topics can be generated that are comparable to real top-
ics Ð at least for known-item search [Azzopardi et al., 2007]. Simulation
studies have also been extended to interactive information retrieval set-
tings, e.g. [Maxwell and Azzopardi, 2016]. Closer to enterprise search Ð
in terms of variety of data structures, sparseness of hyperlinks, lack of
test collections Ð simulated test collections have been constructed for
desktop search in a similar fashion, resulting in apseudo-desktop[Kim
and Croft, 2009], and the challenge is to apply this stream of work to
the more complex setting of enterprise search.

Conducting evaluation experiments with real users presents another
challenge but here again we might beneÞt from progress made in Web
search. We have already pointed out that the use of online evaluation
has become a de facto standard for evaluating Web search engines but
could they not also be employed in enterprise search? Hofmann and
colleagues provide explicit tips for doing online evaluation with just
tens of users or hundreds of queries [Hofmann et al., 2016], which could
make evaluation methods like interleaving [Joachims, 2002, Radlinski
and Craswell, 2010] or a side-by-side result panel comparison [Thomas
and Hawking, 2006] a practical option that does not distract the user
in his or her day-to-day work. Enterprise search-speciÞc features like
access rights and user roles will have to be addressed though in order
to draw any generalisable conclusions from these experiments.
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Apart from applying test collections and online evaluation, the third
commonly applied evaluation type Ð user studies Ð also o!ers a lot
of potential for enterprise search. As discussed, most user evaluations
that have been reported for enterprise search have been designed for a
speciÞc use case and do not generalise. Adopting a solid experimental
setup for task-based evaluations, e.g. [Kelly, 2009, JŠrvelin et al., 2015],
would allow comparisons across experiments and hence push forward
our understanding of enterprise search.

Let us conclude with a more general point. Being able to mean-
ingfully interpret implicit feedback provided by searchers has had a
major impact on the state of the art in Web search, be it by simply
interpreting result set navigation [Joachims et al., 2005] or taking a
more long-term behavioural angle, e.g. [Kelly, 2004]. Finding out how
this could be adopted to enterprise search is a worthwhile challenge to
tackle.

6.5 Final Words

The future of enterprise search will also need to be driven by a rising
awareness of what enterprise search is, what the user needs are, what
the fundamental problems are but also what technical solutions exist,
in short, an awareness of challenges and potential beneÞts. We hope
that this monograph helps moving one step in that direction so that
we will move away from this commonly observed scenario:

ÒWhen users complain about the quality of search there
is anecdotal evidence that the decision is to ÔupgradeÕ the
search application, on the basis that clearly the current
search implementation is not adequate. Since the underly-
ing issue is one of a lack of support post-implementation the
results from the replacement search application are usually
no betterÓ [White and Nikolov, 2013].



7
Conclusion

We conclude this survey with a short list of take-home messages as
follows:

1. Enterprise search is an area that is hugely important in industry
yet has attracted relatively little academic interest.

2. There are substantial di!erences between enterprise search and
other types of search such as Web search which include heteroge-
neous data sources, silo-based repositories, and users deÞned by
roles in the enterprise.

3. Enterprise search will not work out-of-the-box, and the human in
the loop is essential, e.g. for customisation, continuous relevance
assessment and tuning.

4. People search and email search are among the dominant search
types in an enterprise. Information needs are driven by business
needs, e.g. people search is mainly aimed at Þnding experts or
expertise and not for entertainment.

5. Evaluation in enterprise search is essential and in some way very
di!erent to other search areas.
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6. Much progress in other search areas has not found its way yet
into standard enterprise search applications.

7. Given the controlled environment of an enterprise there is much
scope to utilise user interactions with the search system to im-
prove search and exploration for individuals or groups of users.
Little of this is currently being employed.

8. There are plenty of research challenges worth exploring academ-
ically to push forward the state of the art in enterprise search.

9. The reality is that even now enterprise search systems are falling
short of expectations.
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