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Abstract
Exploratory browsing is an essential part of the information-seeking process, which
is often performed with the intent to better define an information need. Espe-
cially, Digital Libraries facilitate exploratory browsing by exploiting the inherent
structure contained in the descriptive metadata of academic literature. Based on
shared characteristics, such as keywords, classifications, or the journal in which
an academic publication was published, users are enabled to explore and discover
new and potentially relevant content. This type of exploration is referred to as
stratagem browsing.
Although many modern Digital Libraries allow for stratagem browsing, these types
of searches are under-investigated. To this day, it remains unclear in which situ-
ations stratagem browsing can support the fulfilment of users’ information needs.
Furthermore, many existing stratagem browsing implementations are rather out-of-
the-box and do not include more advanced methods, such as contextualisation.
In order to better support users engaged in these types of searches, this thesis pro-
poses a re-design towards contextualised stratagem browsing in Digital Libraries.
By employing the users’ interaction context, a re-ranking of stratagem browsing re-
sults can be performed which is tailored towards the users’ information needs. The
applicability of this contextualisation is investigated in a series of three studies: (i)
an online survey, (ii) a user study, (iii) a transaction log study.
Following the principles of Interactive Information Retrieval, the online survey
and the user study are designed to gain a thorough understanding of stratagem
browsing. The online survey aims to assess the usefulness of stratagem browsing
during academic searches. The user study is designed to observe the participants
information-seeking behaviour with respect to the operationalisation of stratagem
browsing. Subsequently, the large-scale transaction log study investigates the ef-
fectiveness of contextualisation for stratagem browsing. To this end, two contextu-
alised stratagem browsing variants are developed that employ the users’ interaction
context for a re-ranking of search results: (1) one variant bases on document sim-
ilarity, and (2) one variant bases on query expansion. The effectiveness of these
two methods is evaluated using the real-life Digital Library Sowiport. An A/B/C-
testing is designed to compare the contextual approaches against Sowiport’s non-
contextual baseline. Amongst others, the rank of the first clicked document in a
result list, denoted as the mean first relevant (MFR), and the click-through rate are
employed to determine the effectiveness of contextualised stratagem browsing.
The results of this experiment show that both contextualised browsing variants sig-
nificantly outperform the non-contextualised baseline in terms of MFR and acquire
a considerably higher click-through rate.
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Zusammenfassung
Exploratives Browsen ist ein wesentlicher Teil des Informationssuchprozesses, häu-
fig mit dem Ziel ein Informationsbedürfnis besser zu definieren. Insbesondere Dig-
itale Bibliotheken fördern exploratives Browsen unter Verwendung der inhärenten
Struktur deskriptiver Metadaten. Potenziell relevante Inhalte können dabei auf Ba-
sis gemeinsamer Merkmale, wie Keywords, Klassifikationen oder Fachzeitschriften
erschlossen werden. Diese Art der Exploration wird als Stratagem-Browsing beze-
ichnet.
Obwohl viele moderne Digitale Bibliotheken Stratagem-Browsing unterstützen, ist
diese Art des Informationssuchverhaltens bis heute in der Forschung nicht ausre-
ichend untersucht. Es ist unklar, in welchen Situationen Stratagem-Browsing die
Befriedigung eines Informationsbedürfnisses unterstützen kann. Darüber hinaus
basiert die Umsetzung des Stratagem-Browsing häufig auf Standardlösungen ohne
Einbeziehung fortschrittlicherer Methoden wie z.B. Kontextualisierung.
Um die Benutzer bei dieser Art der Suche besser zu unterstützen, wird in dieser
Arbeit eine Neugestaltung hin zu kontextbasiertem Stratagem-Browsing in Dig-
italen Bibliotheken vorgeschlagen. Unter Anwendung des Interaktionskontextes
der Benutzer wird eine Reorganisation von Stratagem-Browsing Ergebnislisten
umgesetzt, die auf das Informationsbedürfnis der Benutzer zugeschnitten ist.
Die Anwendbarkeit dieser Kontextualisierung wird in drei Studien untersucht: (i)
eine Online-Befragung, (ii) eine Benutzerstudie, (iii) und eine Transaction-Log
Studie. Den Prinzipien des Interactive Information Retrieval folgend, sind die
Online-Befragung und die Benutzerstudie so konzipiert, dass zunächst ein um-
fassendes Verständnis des Stratagem-Browsing erarbeitet wird.
Die Online-Befragung zielt darauf ab, die Nützlichkeit des Stratagem-Browsing bei
akademischen Recherchen zu beurteilen. Die Benutzerstudie dient der Beobach-
tung des Informationssuchverhalten der Studienteilnehmer mit Hinblick auf die
Operationalisierung des Stratagem-Browsing.
Anschließend wird in einer Transaction-Log Studie die Effektivität der Kontextu-
alisierung für das Stratagem-Browsing evaluiert. Zu diesem Zweck werden zwei
kontextbasierte Stratagem-Browsing Varianten entwickelt, die den Interaktionskon-
text der Nutzer für ein Ranking der Suchergebnisse nutzen: (1) eine Variante
basiert auf Dokumentenähnlichkeit und (2) eine Variante auf Anfrageerweiterung.
Die Wirksamkeit dieser beiden Methoden wird unter Verwendung der Digitalen
Bibliothek Sowiport evaluiert. Ein A/B/C-Test wird durchgeführt, um die kon-
textabhängigen Ansätze mit der kontextfreien Baseline von Sowiport zu vergle-
ichen. Unter anderem werden der Rang des zuerst angeklickten Dokuments in einer
Ergebnisliste, bezeichnet als mean first relevant (MFR), und die Klickrate verwen-
det, um die Wirksamkeit von kontextbasiertem Stratagem-Browsing zu bestimmen.
Die Ergebnisse dieses Experiments zeigen, dass beide kontextbasierten Browsing-
Varianten die kontextfreie Baseline in Bezug auf den MFR statistisch signifikant
übertreffen und eine wesentlich höhere Klickrate erzielen.
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1

Introduction
The history of Information Retrieval (IR) goes back far beyond the beginning of
the world wide web. The earliest computer-based search systems date back to the
late 1940s (Sanderson & Croft, 2012). In a simplified way, IR deals with the struc-
ture, analysis, organisation, storage, searching, and retrieval of information (Salton,
1968). While Salton’s definition focuses on encompassing the main components
of IR, other researchers emphasise the main objective of IR which is to deal with
vagueness, i.e. the inability of a user to precisely define an information need and
imprecision, i.e. the imperfection in the representation of the semantics and prag-
matics of the stored objects in information systems (Fuhr, 2012). The relationship
between vagueness and imprecision is displayed in an adapted representation of the
classic IR model in Figure 1.1. On the left-hand side of the figure, one can see the
system-oriented perspective that transforms an information object, for example, a
text document into an indexed document representation. The right-hand side of the
figure represents the user-oriented part of IR. A user is transforming an informa-
tion need into a query that is then matched against the indexed representation of the
document within the information system. Both perspectives are faced with differ-
ent kinds of challenges. While the information system has to provide an adequate
semantic representation of the document itself, the user side is challenged by the
transformation of an information need into a query that represents that particular
information need in an adequate and precise way.

Despite these challenges, IR research has had and still has a significant impact
on the development of today’s information systems. One of the reasons for the
success of IR research is based on a resource known as test collection. A test col-
lection used in conjunction with evaluation measures enables researchers to assess
the effectiveness of an IR system. A test collection usually consists of a set of
documents, a set of topics (often referred to as queries), and a set of relevance
judgements that account for the relevance of documents to queries. IR researchers
in possession of an appropriate test collection are enabled to simulate a user of
a search system and evaluate the effectiveness of a retrieval method in isolation
(Sanderson, 2010). These types of evaluation settings are commonly referred to as
the Cranfield paradigm, and they have been one of the main driving forces in IR
research that became a de facto standard in the IR community.

The benefit of test collections used in shared evaluation campaigns is that re-
searchers ensure the reproducibility of their approach, in order to enable other
researchers in that community to compare and compete with their own approach
against strong baselines.

1
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Information System User

Imprecision VaguenessMatch

Document Document
Representation Query Information Need

Figure 1.1: Adapted version of the classic IR model as presented in Bates (1989)
that incorporates imprecision and vagueness.

1.1 From Information Retrieval to Interactive Informa-
tion Retrieval

The contribution of the Cranfield paradigm is indisputable, and its application
has led to substantial improvements of IR systems. One major drawback of the
Cranfield paradigm, however, is that it reduces the process of information seeking
to a simplified query-response operation, which is limited to the system-oriented
perspective. Hence, IR research following the Cranfield paradigm has been crit-
icised for performing in an artificially and closed environment. This isolation is
metaphorically described as the Cranfield cave in which external effects1 of a user,
such as "real" and dynamically evolving information needs or the user’s state of
knowledge, are ignored. Instead, the Cranfield paradigm is following the underly-
ing assumption of retrieving documents to fixed information needs substituting or
even entirely neglecting the user-oriented aspects of IR.

To form a paradigm change to this classical IR research, one can observe a shift
away from this mainly system-oriented perspective towards a more user-oriented
perspective (Ingwersen & Järvelin, 2005b), today referred to as Interactive Infor-
mation Retrieval (IIR). IIR understands the process of information seeking as a
highly interactive task, that incorporates several dimensions of research, such as
the study of information-seeking behaviour, human-computer interaction, cogni-
tion, and contextualisation. Today, IIR is considered a sub-discipline of classic IR,
both sharing the same goal: to build retrieval systems that support a user in sat-
isfying an information need. The methods, however, are highly different. IIR, in
contrast to classic IR, aims to improve retrieval systems by establishing a better un-
derstanding of the interactions between a retrieval system and its users. In order to
do so, IIR employs different methods and strategies, like the observation of users
in naturalistic settings, discourse analysis, and other protocol analyses (Robins,
2000).

1Denoted as Context by Ingwersen & Järvelin (2007).
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1.1.1 Exploratory Search

One can argue that classic IR is sufficient when the information need is well-
defined, and the user is aware of what the underlying terminology is. However,
in situations in which the search is driven by more complex information needs
like decision making, learning and other cognitive tasks, the methods of classic
IR are not suitable anymore. Moving further from the system-oriented perspective
towards the user-centred interactive information retrieval approach, Marchionini
introduced the concept of exploratory search.

Exploratory search tasks comprise search activities on the level of learning and
investigating. These activities go beyond simple lookup tasks such as known-item
searches (Marchionini, 2006). Although exploratory searches describe highly in-
teractive tasks that involve various search tactics occurring iteratively, the two pre-
dominant search activities are searching and browsing. Browsing refers to the se-
lection of links or categories that produce pre-defined groups of information items.
This could, for instance, involve browsing through documents that share a par-
ticular metadata. Searching, on the other hand, produces ad hoc collections of
information that have not been gathered together before (Hearst, 2009).
Both searching and browsing are complementary and reasonable in different situa-
tions. Searching has the advantage that it may lead to useful results when the user
is aware of the underlying terminology or looking for a known-item. Browsing, on
the contrary, is useful when the user is not aware of appropriate search keywords
or not certain of what he or she is looking for. An example for a goal of a user that
utilises browsing is to learn more about the terminology in a certain field in order
to get familiar with a particular topic.

1.1.2 Stratagems in Digital Libraries

The characteristics of learning and investigating, in the context of exploratory
search, are frequently associated with scholarly information systems such as Dig-
ital Libraries (DLs). Particularly, search activities on the level of browsing play
a fundamental role in DLs. The importance of browsing is reflected in many
of the most renowned models of information-seeking behaviour (e.g. Ellis, 1989;
Kuhlthau, 1991; Bates, 1989). Today, DLs facilitate browsing by exploiting struc-
tured metadata that annotate the content of scholarly DLs. This enables users to
explore the content based on shared characteristics like keywords, classifications,
or author information. These types of searchers are referred to as stratagems, and
they are today’s implementation of a conceptual search activity which has been
introduced as part of an information-seeking model by Bates (1990).
Following the definition of Bates, a stratagem: ”.. is a complex of a number of
moves and/or tactics, and generally involves both a particular identified informa-
tion search domain anticipated to be productive by the searcher, and a mode of
tackling the particular file organization of that domain.” (Bates, 1990, p. 6). Hence,
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a stratagem could be, for instance, a so-called ”journal run” where a user identifies
a journal to be useful for his or her research and browses the latest publications of
that journal. A further example of a stratagem is to follow references in a particular
document that might lead to potentially relevant material.

Stratagems represent a specialised form of browsing rooted in the area of DLs. Due
to the strong relationship between stratagems and browsing, these types of search
activities will be referred to as stratagem browsing throughout this thesis.

1.2 Motivation and Problem Statement

Although stratagem browsing enables the exploration of a DL, the system sup-
port on this level is rather low. Modern DLs usually support stratagem brows-
ing as simple Boolean filters, that disregard information about the present user,
his or her information need, or state of knowledge. Instead, stratagem browsing
in DLs is provided from a solely system-oriented perspective in the form of a
filter query→ response mechanism, contradicting the principles of IIR.

Many DLs facilitate stratagem browsing by implementing the descriptive metadata
of a document as hyperlinks which, when utilised, generate a result list of records
that share that particular information with the seed document. A click on a particu-
lar keyword, for instance, will thus, generate a result list containing all documents
that share this keyword. The content of these filtered lists is usually organised on
the basis of generic features, such as "publication date" or in alphabetic order.
Organising content from stratagem browsing by such generic features is intuitive,
but not suitable for complex search tasks such as learning. Situations in which
stratagem browsing is employed on the basis of rather generic concepts may easily
lead to result lists with thousands of documents, which are nearly impossible to be
assessed by a user.

The gap between the importance of browsing during exploratory search and the
limited system support described above, is even more evident when looking at the
following consideration of browsing during exploratory search:

"Browsing may be a hypothesis-generation activity, whereby hy-
potheses are generated about the causes of observed phenomena or the
best ways to resolve an information problem. During hypothesis gen-
eration, users will visit multiple documents to better understand what
information is available and familiarize themselves with the topic."
(White & Roth, 2009, p.17).

According to this, browsing is utilised, in order to form a hypothesis to get familiar
with a topic. Current DLs however, only supply the technical means of stratagem
browsing. The intentions, the current state of knowledge and the preceding trails
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of search activities that contribute to generate a hypothesis are disregarded by the
retrieval system. Instead, an unassociated list of documents is generated that share
selected characteristics. Thus, this type of system behaviour forms a mismatch
between the intentions of the user and the system-oriented response, which is in-
appropriate for tasks on the level of stratagem browsing.

To provide a user-oriented support for stratagem browsing that is in line with the
principles of IIR, this thesis presents a contextualised browsing approach that tai-
lors documents from stratagem browsing towards the user’s information need. In-
stead of applying simple Boolean filters, a stratagem browsing approach is devel-
oped and evaluated in which the search is aligned along with the interaction context
of the user. This forms an implicit representation of the user’s information need.

The underlying assumption is that the incorporation of the interaction context can
lead to a new generation of search systems that can be created, designed, and de-
veloped to increase the performance of context-insensitive search systems (White,
2016). Today contextualisation is supported in a wide range of applications, such
as query expansion (e.g. Chirita et al., 2007; Shen et al., 2005) and recommender
systems (e.g. Adomavicius & Tuzhilin, 2011). Yet, employing the interaction con-
text on the level of stratagem browsing has so far been underexposed.

In summary, the goal of this thesis is to enhance stratagems browsing by incorpo-
rating the users’ interaction context and thus, tailor search results based on previous
search activities. Instead of filtering the documents based on shared characteristics,
as it is the current state-of- the-art in many DLs, a contextualised stratagem brows-
ing is proposed that extends the basic filtering by re-ranking the results with respect
to the users’ interaction context.

Following these considerations, the underlying hypothesis under investigation in
this thesis is:

Hypothesis: The employment of the user’s interaction context on the level of
stratagem browsing will lead to the development of more effective retrieval sys-
tems.

On the basis of this hypothesis, three research questions are derived which are
discussed in the following section.
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1.2.1 Research Questions

The present thesis aims to answer the following research questions.

RQ 1 What kind of stratagem browsing variants do users employ during in-
formation seeking, and how do the respondents assess their usefulness?
Problem: Although DLs are designed to facilitate stratagem browsing, the
usefulness of these types of search activities has not been thoroughly evalu-
ated empirically. Therefore, it is difficult to assess their value during infor-
mation seeking. For instance, scanning the content of a renowned journal
may undoubtedly lead to interesting and useful content. How frequent a user
may employ such a strategy and whether it is useful for continuing a search
after finding a relevant document, however, has not been assessed up to now.
Approach: The first research question is addressed by conducting an online
survey in which the respondents are asked to rate the usefulness of different
stratagem browsing variants. The research question aims to better under-
stand the usage of different types of stratagems that were derived from the
examples proposed by Bates (1990). The usefulness of certain stratagems is
investigated with regards to the users’ state of search which is distinguished
as follows: a) the user has found a relevant document and wants to find
similar documents and b) the user performs stratagem browsing without a
preceding document.

RQ 2 What are the most frequently applied stratagem browsing variants in a
state-of-the-art DL, and how is their usage in comparison to other search
strategies like, for example, query searches? How is the perceived rele-
vance of stratagem browsing opportunities?
Problem: Due to the nature of an online survey, the first research question is
only suitable to provide a first impression on the empirically assessed value
of stratagem browsing. A statement about the specific usefulness of strata-
gem browsing, however, is only possible by actually observing participants
during an exploratory search task. Consequently, the aim of this research
question is to quantify how frequent stratagem browsing is applied during
an exploratory search. Are users rather (re-)formulating queries until they
narrowed down their search towards relevant content, or are users relying on
stratagem browsing, in order to get familiar with the topic?
Approach: The second research question is addressed by conducting a user
study in which 32 participants are asked to solve a given search task. The
study follows a scenario in which the participants are looking for related
content to an already retrieved relevant document. Starting from a relevant
seed document, the participants are observed with regard to the search tactics
applied. In addition to measuring the frequency of stratagem browsing, an
eye-tracking device is utilised, in order to measure the perceived relevance
of stratagem browsing. The goal of utilising an eye-tracking device is to
gain knowledge about a potential imbalance between the actual usage of a
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stratagem (for example, a click on a keyword) and the perceived value of a
stratagem (for example, fixating a keyword but not utilising it).

RQ 3 Can the effectiveness of exploratory search on the level of browsing be
improved by employing contextual ranking features in comparison to a
non-contextual ranking feature?
Problem: This is the central research question of the present thesis. While
the first two research questions aim to better understand the users’ intentions
during stratagem browsing, this research question is dedicated to the anal-
ysis of potential benefits of contextualised stratagem browsing. By today,
contextualisation has been mainly applied to query searches. In comparison,
the second main activity during exploratory search, browsing is as of today
underexposed.
Approach: The first step towards an answer to this research question is to
implement contextualised stratagem browsing in a retrieval system. This is
done in Sowiport, a DL for the social sciences. In order to measure the ef-
fectiveness of contextualised browsing, a transaction log study is conducted.
Two contextualised stratagem browsing variants are developed which are
compared against a non-contextualised baseline. The effectiveness of each
approach is evaluated by measuring: a) the position of the first clicked item
which is referred to as "mean first relevant" (MFR) (Fuhr, 2018), b) the click-
through rate, and c) the usefulness in terms of implicit relevance feedback.

1.3 Contextualised Browsing in Digital Libraries

A schematic visualisation of contextualised stratagem browsing is presented in Fig-
ure 1.2. The figure shows a common sequence of interactions, which can be found
in many DLs. In this example, a fictitious user is seeking information on the topic
violence and sports.
After entering a query "violence" (1), inspecting two documents (2), and refining
the query to "violence and sports", (3) the user has found a document of interest in a
result set (4: highlighted green in the figure) that he or she inspects in detail (5 and
6). Each of the interactions (1 to 6) contributes to the development of the interac-
tion context. To seek further related content, the user could now, for instance, click
at the journal in which the document was published in or click on a particular key-
word that is contained in the current document. Each of these interactions (7) leads
to a new result list containing documents that share the same attribute with the seed
document, which is also part of the result list (8). Contextualised stratagem brows-
ing aims to re-rank these result lists on the basis of the interaction context in order
to tailor search results towards an approximation of the user’s information need.
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Figure 1.2: Schematic visualisation of contextualised stratagem browsing.

1.4 Contribution

This thesis has two main contributions.

The first contribution follows the principles of IIR by establishing a better under-
standing of stratagem browsing. The methods to construct this type of knowledge
range from an online survey to a user study. The latter involves observations of the
users’ search strategies employed during the search task, gaze data provided by an
eye-tracking device, as well as qualitative feedback on the usefulness of stratagem
browsing. Both, the online survey and the user study contribute to research by pro-
viding empirical results for the usefulness of stratagem browsing in DLs.

The second main contribution is the implementation and evaluation of two con-
textualised browsing variants in a DL. The first contextualisation variant bases on
document similarity and the second variant bases on the interaction context that,
amongst others, contains information about submitted queries and different docu-
ment metadata encountered during the session of a user. The results of this study
show that a contextualisation of stratagem browsing significantly outperforms the
baseline in terms of the position of the first clicked document in the result set.

First and foremost, the results of this experiment contribute to research by pro-
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viding experimental confirmation for a significant increase in the effectiveness of
stratagem browsing by employing contextualisation methods. Furthermore, both
contextualisation approaches are developed on the basis of existing methods that
are well-known in IR, such as implicit relevance feedback, and thus can be easily
reproduced by designers of DLs.

To the best of my knowledge, a contextualisation of stratagem browsing has not
been studied yet. Thus, this thesis serves as a foundation for the field of con-
textualised stratagem browsing that allows for algorithmic reproduction by other
researches in this field.
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1.5 Publications

The present thesis is based on the following publications, which subsequently form
the core chapters of the thesis.

(P1) TPDL 2016: Zeljko Carevic and Philipp Mayr. "Survey on High-Level
Search Activities based on the Stratagem Level in Digital Libraries." In
proceedings of the 20th International Conference on Theory and Practice
of Digital Libraries (pp. 54-66). Springer, Cham, 2016. (Carevic &
Mayr, 2016).

(P2) IJDL 2018: Zeljko Carevic, Maria Lusky, Wilko van Hoek and Philipp
Mayr. "Investigating Exploratory Search Activities based on the Strata-
gem Level in Digital Libraries." In International Journal on Digital Li-
braries (pp. 231-251). Springer, 2018. (Carevic et al., 2018a).

(P3) JCDL 2018: Zeljko Carevic, Sascha Schüller, Philipp Mayr and Norbert
Fuhr. "Contextualised Browsing in a Digital Library’s Living Lab." In
proceedings of the 18th ACM/IEEE on Joint Conference on Digital Li-
braries (pp. 89-98). (Carevic et al., 2018b).

In addition to the core publications, the following list of publications has had an
impact on the results of this thesis.

(P4) BIR 2014: Zeljko Carevic and Philipp Schaer. "On the Connection
Between Citation-based and Topical Relevance Ranking: Results of a
Pretest using iSearch." In proceedings of the 1st Workshop on
Bibliometric-enhanced Information Retrieval (pp. 37-44), 2014. (Care-
vic & Schaer, 2014).

(P5) BIR 2015: Zeljko Carevic and Philipp Mayr. "Extending search facilities
via bibliometric-enhanced Stratagems." In proceedings of the 2nd Work-
shop on Bibliometric-enhanced Information Retrieval (pp. 40-46), 2015.
(Carevic & Mayr, 2015)

(P6) TPDL 2017: Wilko van Hoek and Zeljko Carevic. "Building user groups
based on a structural representation of user search sessions." In proceed-
ings of the 21th International Conference on Theory and Practice of Dig-
ital Libraries (pp. 459–470). Springer, 2017. (van Hoek & Carevic,
2017)
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1.6 Structure

The thesis is structured into four parts. These are described briefly in the following:

Part I: Fundamentals and Related Work
The first part of the thesis is primarily dedicated to the introduction of funda-
mental theoretical concepts necessary for a better understanding of the thesis.
This part is divided into three sections. Section 2 is dedicated to introduc-
ing concepts and models of information seeking. While there is a plethora of
models in this field, the focus is on those models most relevant for the present
thesis. In Section 3, the notion of context is defined on the basis of the
nested model of context stratification. Fundamental technical means neces-
sary for a practical realisation of contextualisation are introduced in the form
of implicit and explicit relevance feedback. Finally, Digital Libraries (DLs),
which represent the use case of the present thesis, are discussed in Section
4. A definition of DLs is presented, followed by a discussion on two central
models that provide the theoretical foundations of DLs: a) the DELOS ref-
erence model and b) the 5S model. Thereafter, the notion of metadata in the
context of DLs is briefly explained. Finally, Sowiport is introduced, which
is a real-life DL employed for the investigation of contextualised stratagem
browsing.

Part II: Empirical Studies on Browsing in Digital Libraries
This covers the results of the two empirical studies and is divided into two
sections: An online survey was conducted in order to investigate the use-
fulness of stratagem browsing. A detailed presentation of the survey design
and the corresponding results can be found in Section 5. In the second em-
pirical study, an observational study on stratagem browsing behaviour was
conducted. A total of 32 participants were asked to solve a task on searching
related documents to a given topic. The detailed setup and the results of this
user study are presented in Section 6.

Part III: Towards Contextual Browsing in Digital Libraries
Based on the observations made in the survey and the user study, two con-
textualisation approaches are presented in the third part of this thesis. This
part is structured into two sections. In Section 7, a detailed explanation and
implementation of the two contextualisation approaches is presented. Both
approaches are evaluated and compared against the non-contextual baseline
of Sowiport by employing A/B/C testing with online users. The results of
this experiment are presented in Section 8.

Part IV: Discussion and Conclusion
The fourth part of this thesis presents a thorough discussion of the results
provided in Part II and Part III. In addition, the potential strengths and weak-
nesses of each study are discussed, along with possible implications for the
design of DLs and future work.



Part I

Fundamentals and Related Work

12



2

Concepts and Models of
Information Seeking

In Information Retrieval (IR) a change can be observed that moves away from a
mainly system-oriented perspective that is aligning with the Cranfield paradigm
towards a more user-oriented perspective which is referred to as Interactive In-
formation Retrieval (IIR). The principles of IIR extend the traditional query and
response or best-match principles to a highly dynamic and interactive process that
puts the user into the centre of attention. This user-centred perspective of informa-
tion seeking involves research and development with respect to various complex
processes such as the concrete actions and tactics that a user employs (e.g. queries,
navigation, browsing), and cognitive (e.g. information need) and emotional aspects
(e.g. uncertainty, confusion) which are experienced throughout the different stages
of the search process. During the past decades, a considerable amount of research
has been invested in the development of theoretical models that capture and for-
malise the various dimensions involved in information seeking. Although many
of the models available today were developed several years ago, often by observ-
ing people during physical library searches, they still have a substantial impact on
fundamental aspects of today’s modern search systems. Hence, gaining a better
understanding of the different aspects involved is crucial for the development of
effective information systems and evenly important for the objective of the present
thesis, namely the development of contextualised browsing capabilities.

2.1 Information-Seeking Behaviour

In order to differentiate the models present in this section and to determine their
particular scope, it is necessary to first introduce and distinguish three of the most
relevant conceptual levels from a top-down perspective. Wilson (1999) suggested
a nested model of information behaviour, displayed in Figure 2.1. In this model,
information behaviour is considered as the general field of investigation which re-
sides on the outer rim of a nested model incorporating information-seeking be-
haviour and information search behaviour.

Wilson defines information behaviour as "the totality of human behaviour in
relation to sources and channels of information, including both active and passive
information seeking, and information use." (Wilson, 2000, p. 49). Following this

13
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Information behaviour

Information-seeking 
behaviour

Information 
search behaviour

Figure 2.1: Nested model of information behaviour. Adapted from Wilson (1999).

rather generic definition, information behaviour represents the highest degree of
abstraction, which is also visible in the illustration in Figure 2.1.
Information-seeking behaviour is considered a sub-set of information behaviour
that involves the purposive seeking for information in order to satisfy an informa-
tion need. To satisfy an information need, one could interact with one or more
channels such as talking to colleagues, go to a library or use any form of computer-
based system such as a Digital Library (see Section 4) or a web search.
Finally, information search behaviour comprises the behaviour that a user em-
ploys while interacting with an information system. This involves the concrete
interactions such as querying, browsing or judging the relevance of a document.
Information search behaviour thus represents the micro-level of information be-
haviour.

A modified, and in the context of this thesis more accurate, variant of Wilson’s
model is proposed by Ingwersen & Järvelin (2005b). The central modification of
the original model is the replacement of information search behaviour by the no-
tion of (I)IR. This is displayed in Figure 2.2.

Wilson associated (I)IR as a part of the information search behaviour and hence, on
the micro-level, which is isolated from information-seeking processes. The modi-
fied model of information behaviour, however, argues that in fact many (I)IR stud-
ies incorporate both, the concrete interactions with an IR system, and more infor-
mal information-seeking activities that are usually incorporated within information-
seeking behaviour.2 Thus, the intuition behind the modified model is that although

2A similar argumentation can be found in Belkin (1993).
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Seeking

(I)IIRInformation behaviour

Non-job-related 
Tasks and Interests
Daily-life behaviour

Job-related 
Work Tasks
Interests

Figure 2.2: Modified version of Wilson’s nested model of information behaviour
incorporating I(IR). Adapted from Ingwersen & Järvelin (2005b).

it is reasonable to place IR and IIR in the innermost nested part of the model, they
should also be considered as a component of information-seeking behaviour.
In addition to incorporating and emphasising the role of IIR, Ingwersen & Järvelin
(2005b) incorporated the underlying situational reasons for any information be-
haviour which are described as non-job related and job-related in Figure 2.2. These
situational reasons are closely related to the notion of work task, which is discussed
in Section 2.6.1. With respect to the nested model of Ingwersen and Järvelin, this
thesis is allocated within the dimension of information seeking explicitly incor-
porating (I)IR related aspects and any other interactions related to the purposive
seeking for information.

So far, information seeking was introduced from a highly generic point of view.
A more in-depth discussion of information seeking requires the introduction of
models that focus on different perspectives which are always dependent on the
characteristics of interest and the intended degree of abstraction. Introducing and
covering all the different developments in this field is a challenging task, and thus,
it is reasonable to introduce this topic with an overview of those models that are
essential for the present thesis. These are displayed in Table 2.1 with many of the
given attributions inspired by White (2016). Table 2.1 shows the different models
discussed in the following sections and provides a general attribution regarding the
nature of the discussed models.3

The upcoming sections are organised according to the list of attributions provided
in column one of Table 2.1.

3This list is by no means comprehensive, and there exist a plethora of other models that would be
worth mentioning. However, here only the models relevant for this thesis are presented.
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Table 2.1: Models of information seeking.

Process-oriented Behavioural Model of Information Seeking Strategies
(Ellis, 1989)
Model of the Information Search Process (Kuhlthau,
1991)

Stratified Stratified Model of Interaction (Saracevic, 1996)
Strategic Strategic Levels of Information Seeking (Bates, 1990)
Information Gathering Berrypicking Model (Bates, 1989)
Exploratory Exploratory Search (Marchionini, 2006)

2.2 Process-oriented Models of Information Seeking

Process-oriented models of information seeking disintegrate the search process into
multi-stage phases that users undergo while seeking for information. In the follow-
ing, two prominent examples of process-oriented models are introduced: a be-
havioural model of information seeking strategies by Ellis, and Kuhlthau’s model
of the information search process.

2.2.1 Ellis’ Behavioural Model of Information Seeking Strategies

Ellis (1989) presented a behavioural model of information seeking strategies. Based
on semi-structured interviews that were conducted with social scientists, he ob-
served six generic search features. During the interviews, the participants were
encouraged to describe their work and the activities employed during information
seeking. On the basis of these interviews, Ellis derived the following six generic
features which were partly or entirely present in the interviews.

• Starting
The starting feature describes the initial state of seeking information in a new
area or on a new topic. A common activity, belonging to the starting feature,
is looking for a key paper to start the search. The information seeker is
often either already familiar with this key paper or is told of by, for instance,
colleagues who are more familiar with the topic.

• Chaining
Chaining describes search activities that involve following citation connec-
tions between resources and thus, can be of two kinds: forward chaining
(to inspect a list of documents citing a particular document) and backward
chaining (to follow a reference in a document).

• Browsing
Browsing is defined in various ways. However, in this context, it is referred
to as a semi-directed or semi-structured search in an area of potential interest.
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Examples for browsing are looking through the table of content in a well-
known journal or looking through conference proceedings. It involves the
scanning of resources that represent topically connected content.

• Differentiating
To estimate the quality or nature of a source in an area of interest. An ex-
perienced researcher may be aware of specific journals that contain mature
work or a high degree of specialisation and thus, may prefer such a source
over different not well-known sources.

• Monitoring
To continuously monitor or track the development in a particular area of
interest. Today, various types of monitoring services exist, such as RSS-
Feeds or Current Awareness Services. By subscribing to a topic of interest,
one can get updated as soon as new potentially relevant material is available.

• Extracting
Extracting refers to activities in which a user selectively examines content
from a source to identify relevant material on a particular topic of interest.
The source may be, for instance, conference proceedings, the content of an
archive or journals.

For each of these features, Ellis discussed their impact on the design of retrieval
systems. Given the feature browsing, for instance, he argued that it is desirable
for searchers that a system should enable browsing on any information directly
accessible, such as browsing through a list of authors or journals and conference
proceedings. Today, many of these considerations are integrated into modern re-
trieval systems. This will be demonstrated at different points throughout this thesis
(e.g. Section 4.3).

It is important to note that this model should not be understood as a hierarchic se-
quence of actions with strict interrelations. The order of the different features and
their interrelations rather depend on the unique circumstances of the information-
seeking activities (Ellis, 1989). Nevertheless, Wilson (1999) developed a represen-
tation that relates the different features to each other into a specific sequence.
In 2003, the model developed by Ellis was revised by Meho & Tibbo (2003). They
found four additional features besides the ones proposed by Ellis: accessing, net-
working, verifying, and information managing.

2.2.2 Kuhlthau’s Model of the Information Search Process

Kuhlthau (1991, 1993) provided another process-oriented model. Based on a series
of five studies, she developed a model of the information search process (ISP)
displayed in Figure 2.3. The ISP model consists of six stages: initiation, selection,
exploration, formulation, collection, and presentation.
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Initiation Selection Exploration Formulation Collection Presentation
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Seeking relevant information
Exploring Documenting

Seeking pertinent information

Figure 2.3: Model of the information search process. Figure adapted from
Kuhlthau (1993).

The novelty of this model, in comparison to previous approaches, is that it incorpo-
rates three realms of human experience: affective (feelings), cognitive (thoughts),
and physical (actions), which are now briefly described along the six stages of the
ISP.

During the initiation stage, the user identifies a lack of knowledge which leads to
a feeling of uncertainty. On the selection stage, a user has to identify the general
topic to investigate and select the approach to be followed. The feeling of uncer-
tainty is often replaced by a brief feeling of optimism after the selection has been
made. The task during the exploration stage is to extend the personal knowledge
about the topic that is being investigated. Actions during this stage involve locating
information, reading about the topic, and connecting new information to existing
knowledge. This stage is often characterised by a feeling of confusion, frustration,
and doubt. The inability to formulate the information need makes the communica-
tion between the system and the user complicated. During the formulation stage, a
focus is formed based on the information encountered so far, which is comparable
to a hypothesis that is being constructed. During this stage, a feeling of increased
confidence and a sense of clarity can be observed. In the collection stage, the
process of interacting with the system is most effective and efficient. During this
stage, the user is collecting information that is relevant to the topic of interest. The
user is capable of formulating his or her information need to the system and thus,
facilitates a more comprehensive search. During the final stage presentation, the
search is completed and the task is to prepare, present or otherwise use the infor-
mation gathered. At this stage, a feeling of relief and a sense of satisfaction can be
observed.

A unique feature of this model is the incorporation of the affective experience of a
user during different stages of the ISP. White (2016) also argues that emphasising
the different feelings and actions through different stages of the ISP can help to pro-
vide phase-appropriate support like user guidance. One shortcoming of Kuhlthau’s
model of the ISP is discussed by Ingwersen & Järvelin (2005b) in which it is ar-
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gued that her model claims to be applicable over a range of empirical domains but
that it may depend on the kind of work task on which it is based. Thus, certain
work tasks may not be represented by her model.

2.3 Saracevic’s Stratified Model of Interaction

Saracevic (1997) introduced a stratified model of interaction, which is displayed in
Figure 2.4. By borrowing concepts from Human-Computer Interaction, the strati-
fied model separates levels of interaction in IR between the computer and the user,
connected through the interface on the surface level. The strata involved on the user
side comprise a cognitive, affective, and situational level, and on the other hand en-
gineering (hardware), processing, and content level on the system side. One of the
key aspects of his model is that the effectiveness of an information-seeking episode
is not exclusively dependent on either, the user or the system side. Having a highly
efficient retrieval model, for instance, may not be sufficient if the user interface is
incapable of providing this information to the user. Similarly, having a user who is
not capable of expressing his or her information need will most likely not lead to
an effective information-seeking episode, no matter the quality of the system side.

Figure 2.4: Saracevic’s stratified model of interaction (Saracevic, 1997).

In line with this, Saracevic (1996) provided a reconsideration of a so-called "sys-
tem of relevances" which, similar to the stratified model, operates and interacts on
different strata. The different manifestations of relevance are: system or algorith-
mic, topical or subject, cognitive relevance or pertinence, situational relevance or
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utility and motivational or affective relevance. Each of these manifestations consid-
ers relevance from a different perspective: situational relevance, for instance, is the
relation between the task, situation or problem currently experienced and the texts
retrieved. Topical or subject relevance, on the other hand, is the relation between
the subject expressed in a query and the topic/subject covered by the retrieved text.
These manifestations are not separate from each other, but rather a dynamic in-
terdependent set of relevances that interact within and between themselves. The
topical relevance, for instance, is usually derived from the set of retrieved items
and thus, based on the system or algorithmic relevance.

2.4 Bates’ Strategic Levels of Information Seeking

An approach to model the different search strategies that users employ during in-
formation seeking has been proposed by Bates (1990). Based on empirical studies
of the information-seeking behaviour of experienced users of a physical library,
Bates identified four levels of search activities that, amongst others, differ in their
complexity: moves, tactics, stratagems, and strategies.
A move is the lowest unit of search activities and usually encompasses simple
operations such as entering a query term or selecting a certain document. Tactics
are described as a combination of many moves. A move could be the selection of a
broader search term, or breaking down complex search queries into sub-problems.
Bates defines a stratagem as follows: ”..a stratagem is a complex of a number of
moves and/or tactics, and generally involves both a particular identified informa-
tion search domain anticipated to be productive by the searcher, and a mode of
tackling the particular file organization of that domain.” (Bates, 1990, p. 6).
Finally, a strategy is a combination of moves, tactics, and stratagems that satis-
fies an information need like, for instance, searching for related work in a specific
research area. In Bates’ model, strategies account for the highest level of search
activities and often span over a longer period of time.

Especially the considerations regarding stratagems have been highly influential for
this thesis making these types of searches the theoretical foundation for all three
main chapters of the present work. Although Bates already provided an informal
definition of stratagems, it is useful to explain these types of searches in more de-
tail.

The two main components of Bates’ definition are: 1) that a stratagem consists
of an identified search domain anticipated to be productive for a searcher and 2)
that a stratagem involves a mode of tackling the particular file organisation of that
domain. The first part of her definition involves a domain that is expected to be
productive. This could be, for instance, a particular journal which according to
the user’s experience is known to provide relevant content. The second part of
her definition involves the tackling of a particular file organisation of that domain.
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This could involve to browse and read through the articles of the identified journal.
This implies that a searcher is familiar with the structure of the underlying domain.
Other examples of stratagems that were provided by Bates are as follows:

• Footnote chasing or backward chaining
This technique uses references and footnotes found in books or articles mov-
ing backwards in successive trails of interest. A user having identified a rel-
evant article may use the list of references to find other articles related to the
current topic. These types of search activities have been subject to research
in recent years. One example is the ISearch test collection (Lykke et al.,
2010) which covers articles from the preprint repository arXiv.4ISearch is a
classic IR test collection that contains topics, a document corpus, and graded
relevance judgements which are provided in combination with references for
each article.

• Citation search or forward chaining
In this technique, a user discovers a relevant article and looks up the list
of articles citing that particular one. In contrast to footnote chasing, this
technique leaps forward when looking for related articles. Both, forward
and backward chaining are also found in Ellis’ behavioural model on the
chaining level (see 2.2.1).

• Journal run
One identifies a journal of interest and browses through volumes and issues.
Bates argues that a journal run has the advantage of usually covering a large
number of publications to a particular subject, and thus provides good pre-
cision and in many cases, a good recall. As the number of publications and
journals has increased in recent years, recall and precision may suffer from
the now increased amount of content.

• Area scanning
Given an area of interest, a user can look up other articles that are indexed
in the same general area. Today, this type of search technique often includes
the usage of a thesaurus (e.g. TheSoz see Section 4.4.1).

• Subject searches in bibliographies, abstracting and indexing services
Topical descriptions of an article are often provided by an indexing subject
and usually referred to as keywords. Keywords can be provided in a con-
trolled way (e.g. the Unified Medical Language System indexed in PubMed5)
or by free descriptors chosen by the authors of an article. Given this kind of
representation, a user can employ keyword searches to retrieve those docu-
ments that share the same attribute.

4https://www.arxiv.org/, last accessed April 15th, 2020.
5https://www.ncbi.nlm.nih.gov/pubmed/, last accessed April 15th, 2020.

https://www.arxiv.org/
https://www.ncbi.nlm.nih.gov/pubmed/
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• Author search
Given an article on a particular subject, a user can employ an author search
to look for other articles of that particular author on the same topic. The
assumption is that an author may have contributed to the same field in the
past.

One may recognise that several of her search activities on the stratagem level were
influenced by the work of Ellis (1989) (see Section 2.2.1).
Today, these search activities are widely supported in modern Digital Libraries (see
Section 4) such as Daffodil, one of the first implementations of the ideas suggested
by Bates (Fuhr et al., 2002).

2.5 Bates’ Berrypicking Model

The earlier introduced model by Bates emphasised the strategic nature of informa-
tion seeking. In 1989, Bates introduced the so-called berrypicking model, which
emphasises the dynamic nature of information seeking and information gathering
(Bates, 1989). The berrypicking model advances from traditional IR models by
considering the process of information seeking as dynamic and evolving with each
interaction leading to potentially new relevant results, ideas, and directions. An
illustration of a user involved in a berrypicking search is displayed in Figure 2.5.

Q0

Q1

Q3

Q4
Q2

Q5

Figure 2.5: Schematic visualisation of a user engaging in a berrypicking search.
Figure adapted from Hearst (2009).

The underlying assumption of this model is that a query is not a single solitary
conception but rather an evolving one that changes throughout the course of inter-
action with each new piece of information potentially altering the conception of the
query and redefining what is considered as relevant. In Figure 2.5, this is depicted
by the query variations (Q0 to Q5) and the documents encountered along the path.
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Bates developed this model with respect to the classic IR model accentuating two
major distinctions: a) that the nature of a query is an evolving one instead of a static
as suggested in the classic IR model and b) that the nature of the search process is
following a pattern of berrypicking, rather than leading to the retrieval of a single
best set (Bates, 1989). Following these considerations, one can conclude that in-
formation seeking is an evolving process in which each action has the potential to
change the user’s understanding of a particular information need which may even
shift entirely during information seeking.

Although the berrypicking model seems reasonable to describe the way how peo-
ple interact with search results in a metaphorical way, it does not provide deeper
insights into the reasons why people behave like this, or for how long a searcher
would stay on one path (Azzopardi, 2014).

Bates is not the only one who used an analogy such as berrypicking to describe
information seeking. The information foraging theory, for instance, proposed by
Pirolli and Card, is an attempt to analyse the trade-offs in the value of information
gained against the costs of performing a certain search activity (Pirolli & Card,
1995). The assumptions of the information foraging theory are derived from the
optimal foraging theory, which analyses the behaviour of animals when searching
for food. Animals that forage for food are optimising their behaviour in order to
reduce the cost of hunting while fitting their needs to survive.

2.6 Exploratory Search

Some of the most renowned models of information seeking have been introduced
in the previous sections emphasising the theoretical aspects of a user-oriented per-
spective on information retrieval. Exploratory search represents another type of in-
formation seeking and a type of sense-making (White & Roth, 2009). According to
Marchionini, searches considered as exploratory search go beyond simple lookup
tasks such as known-item searches and usually operate on the level of learning and
investigating (Marchionini, 2006). A general classification of exploratory search,
its main goals of learning and investigating, and its relation to lookup searches are
depicted in Figure 2.6.

Lookup tasks are frequent search activities in today’s life and include short and
well-supported tasks such as known-item searches (lookup a document for which
the title is known) or question answering (e.g. "what is the population of germany"
which is supported by for instance the Google fact box6).
More complex tasks, like learning, involve search activities that require a much
longer period of time and involve cognitive processing such as comparing and

6https://www.google.com/search?q=what%20is%20the%20population%
20of%20germany, last accessed August 29th, 2019.

https://www.google.com/search?q=what%20is%20the%20population%20of%20germany
https://www.google.com/search?q=what%20is%20the%20population%20of%20germany
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Exploratory Search

Lookup InvestigateLearn

Accretion
Analysis

Exclusion/Negation
Synthesis
Evaluation
Discovery

Planning/Forecasting
Transformation

Knowledge acquisition
Comprehension/Interpretation

Comparison
Aggregation/Integration

Socialise

Fact retrieval
Known item search

Navigation
Transaction
Verification

Question answering

Figure 2.6: Types of exploratory search activities. Figure adapted from Marchion-
ini (2006).

making qualitative judgments, in order to acquire knowledge about a certain topic.
According to Marchionini, learning is best achieved by a combination of brows-
ing and analytic strategies including lookup searches to "get one into the correct
neighborhood for exploratory browsing" (Marchionini, 2006, p. 43).
Search activities that involve investigation require substantial knowledge in order
to achieve high-level objectives such as analysis, synthesis, and evaluation. Inves-
tigative searches may require long periods of time. They may be done in order
to support planning and prediction or to transform existing data into new data or
knowledge. From these explanations, it is concluded that learning and investigat-
ing require strong human participation in a continuous and exploratory way (Mar-
chionini, 2006).

Although the three categories, lookup, learning, and investigating in Figure 2.6 are
represented on distinct levels, they are to be understood as interplaying, which is
depicted by the arrows. An exploratory search that is aimed to learn about a par-
ticular topic may involve several lookup activities, as well as investigation.

White et al. (2006) introduced exploratory search as a specialised form of search-
ing in which a user has only little knowledge about a certain field of interest and
after an initial search (e.g. via an initial tentative query) starts exploring the re-
trieved documents passively, in order to obtain cues about next steps. Moreover,
exploratory search must include complex cognitive activities that are associated
with the acquisition of knowledge and the development of intellectual skills (White
& Roth, 2009).

Two main activities can be identified during exploratory search episodes:
exploratory browsing and focused searching. Exploratory browsing within doc-
ument collections is performed, to better define the information need of a user
and to promote new directions and cognition on the basis of encountered con-
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tent. Browsing activities on the web usually occur between hyperlinked pages and
may support the generation of a hypothesis (White & Roth, 2009). During focused
searches, users formulate queries to explore the document collections. These types
of searchers usually require an understanding of the terminology and a rather well-
defined information need.

Although exploratory search can be considered a subdiscipline of information seek-
ing, White & Roth (2009) demonstrated six characteristics of exploratory search
that differ from other types of information seeking and related disciplines. First and
foremost, exploratory searchers are often driven more by things like curiosity and
learning rather than by a concrete information need (White, 2016). Additional at-
tributes differentiating exploratory search from other types of information seeking
can be found in White & Roth (2009). Amongst other, exploratory search

• may involve multiple query iterations possibly, over multiple search ses-
sions,

• are driven by an open-ended information need which relates to uncertainty
about the information available or incomplete information on the search task
itself,

• have a goal that goes beyond simple lookup tasks towards activities that are
associated with learning and investigating,

• involve a combination of browsing and focused searching with a stronger
focus on the former,

• may involve a collaborative setting in which multiple people interact syn-
chronous or asynchronous,

• are using an evaluation methodology that targets learning and insights.

At a workshop held at the University of Maryland, researchers from the fields of
Information Retrieval, Human-Computer Interaction and Information Visualisa-
tion came together to discuss issues of exploratory search. One of the outcomes of
this workshop was that exploratory search needs to be contextualised based on the
users’ search activities and contextual information available to aid user understand-
ing and reduce uncertainty about the nature of the problem (White et al., 2005).

2.6.1 Simulated Work Tasks in Exploratory Search Studies

The design of user studies in the area of exploratory search is a challenging task
due to the goal of inducing an exploratory and undirected search in which the
participants assess the task, relevance, and the results from their own individual
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perspective. At the same time, the study should maintain some form of experimen-
tal control (Kules & Capra, 2012).

One suitable approach for designing studies on exploratory searches is to employ
so-called simulated work tasks, which were introduced by Borlund & Ingwersen
(1997). Simulated work tasks are short cover stories that aim to trigger and de-
velop a simulated information need that provides the participants of a study with
the given purpose and goal of the retrieval. The cover story is described in a some-
what open manner that helps to describe to the test persons: the source of the
information need, the environment of the situation, the problem to be solved, and
generally serves to provide the test person with an understanding of the objective
of the search (Borlund, 2003).

An example of a simulated work task, that was taken from (Borlund, 2000, p. 78)
could be as follows:

Simulated situation: After your graduation you will be looking for a job in
industry. You want information to help you focus your future job seeking. You
know it pays to know the market. You would like to find some information
about employment patterns in industry and what kind of qualifications
employers will be looking for from future employees.

Indicative request: Find, for instance, something about future employment
trends in industry, i.e., areas of growth and decline.

Simulated work tasks are described in a way that frames the situation of the search
task with sufficient clarification. Furthermore, they provide experimental control
by being unique across all participants, while at the same time, over-clarification is
avoided. Thus, simulated work tasks offer enough space for an individual to adjust
to the given situation, in order to derive their own individual information need from
that particular scenario, which is comparable to a real-life situation.

Although simulated work tasks were not originally developed with respect to ex-
ploratory search, they are well suited to be applied in this area of research. Ex-
ploratory search tasks are usually ill-structured and open-ended involving uncer-
tainty. Thus, an over clarified situation, which is explicitly avoided through sim-
ulated work tasks, would neither be appropriate nor applicable in the context of
exploratory search tasks.
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2.7 Advances in Information Seeking

A considerable amount of research has been carried out, in order to better under-
stand information-seeking behaviour. Studies of this kind are often rather focused
on exploring and/or describing users’ natural search behaviours and interactions,
than on demonstrating the performance of a feature or a system.7 The methods em-
ployed to study information-seeking behaviour often follow a multi-method design
that, amongst others, involves: questionnaires, semi-structured interviews, transac-
tion logs, and (unobtrusive) observations of search behaviour. For a comprehensive
overview of methods that are applicable for studies on information seeking, one can
refer to Case (2002).

A selection of research related to the models presented earlier in this section and
the upcoming empirical studies (see Section 5 and Section 6) is discussed in the fol-
lowing. First, studies are presented that deal with information-seeking behaviour in
the area of academic literature search. The second set of related work is concerned
with studies on exploratory search.

Academic Literature Search

Academic literature searches represent a frequently explored field of research on
information-seeking behaviour (e.g. Niu et al., 2010; Pontis & Blandford, 2015;
Pontis et al.). The search for academic literature usually goes beyond simple
lookup tasks and is often driven by complex information needs, such as learning
about a new topic or looking for opportunities for collaboration.

To investigate the information-seeking behaviour of academics from the computer
science domain, Athukorala et al. (2013) conducted a mixed-method study involv-
ing interviews, diary logs, user observations, and a web survey. The study was
divided into two phases: 1) a case study phase, and 2) a web survey aiming to gen-
eralise the results of the case study. The case study involved six participants with
different academic degrees: Ph.D. students, postdoctoral, and senior researchers.
The case study consisted of three parts: 1) an interview about search methods and
search strategies, 2) an observation phase in which the participants were observed
during information-seeking for a real purpose work task, and 3) a longitudinal
diary study, in which the participants were asked to keep record of their search be-
haviour during information search. The second phase was designed to validate the
results of the case study by conducting a web survey with a larger population of 76
computer scientists. From the case study, Athukorala et al. identified six purposes
that motivate literature search: keeping up to date, exploring new and unfamiliar
topics, reviewing literature, collaboration, preparing lectures, and recommending
material for students. The web survey was designed along these six purposes to

7A distinction of different research goals can be found in (Kelly, 2009, p.25).
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determine their respective frequency and difficulty. Athukorala et al. showed that
keeping up to date is the most frequent purpose of searching for computer scien-
tists. The participants considered the exploration of an unfamiliar topic as the most
challenging search task. Furthermore, they showed that backward-chaining is the
most frequently used literature review technique.
Hemminger et al. (2007), conducted a census survey to investigate the information-
seeking behaviour of academic scientists. A total of 902 subjects from general
science and medical science departments took part in the survey. Amongst others,
they studied researchers sources of information, and how frequently they are used.
The results showed that the most frequently used sources of information were aca-
demic journals, web pages, and online database. Considering that the work was
published in 2007, some of these results may well have changed by today.
A more recent work investigating academic search behaviour was published by
Li & de Rijke (2019). The focus of this work was to determine interaction be-
haviour that led to conversions, which is an indicator of the performance of a
platform frequently applied in online shopping and other e-commerce domains.
In the context of academic searches, they understood conversion as the download
of a paper. Among others, they studied sequences of user actions that led to the
download of an academic paper using transaction log data provided by ScienceDi-
rect.8 They observed that the most common sequence of interaction prior to the
first download was a single query which made up for 30.3% of all sequences. Fur-
thermore, behavioural differences with respect to the article topics (health sciences,
life sciences, physical sciences and social sciences) were examined. The results of
this analysis showed that users interested in social sciences, in comparison to the
other disciplines, perform the least number of downloads while, at the same time,
they account for more clicks and spend more time in sessions. Behavioural differ-
ences across different academic (sub-)disciplines were also observed in (Jamali &
Nicholas, 2010; Tenopir et al., 2009).
Wildemuth (2004) examined the search tactics of medical students searching a fac-
tual database in microbiology. The students searched a medical database at three
occasions over a period of nine months. Each of the three occasions represents
different levels of knowledge: the first occasion, before the students received any
instruction in microbiology, the second occasion just after a course on microbi-
ology, and the third occasion six months after the end of the course. On each
occasion, the participants were asked to respond to six clinical problems in micro-
biology. Subsequently, the participants were asked to respond to those questions
that could not be answered by searching a factual database. The transaction log of
these searches was analysed. The results show that the most common search tactic
was the specification of a concept followed by extending one or more concepts and
gradually narrowing the retrieved result set. Furthermore, they showed that domain
knowledge affects search behaviour. Low domain knowledge was associated with
less efficient selection of search terms.

8http://www.sciencedirect.com/, last accessed April 5th, 2020.

http://www.sciencedirect.com/
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Exploratory Search Tasks

Athukorala et al. (2016) conducted a user study with 32 participants from the com-
puter sciences domain to distinguish between exploratory and lookup search tasks.
The main objective of the study was to collect and examine search behaviour from
lookup and exploratory search tasks, in order to investigate how well these two
types can be distinguished. To characterise a search session, different features
were used, like, for instance, task completion time, maximum scroll-depth and
length of the first query. Athukorala et al. (2016) showed that exploratory searches
take longer time to complete, had a higher scroll-depth and involved shorter queries
than in lookup tasks. Using an eye-tracking device, they analysed the participants
gaze data, which showed only minor differences between lookup and exploratory
search tasks.
Kules et al. (2009) examined how users interact with an online public access cata-
logue when conducting exploratory searches. Their method involved eye-tracking,
stimulated recall interviews, and observations, to learn what parts of the faceted
interface searchers attend to, for how long, and in what order. The authors defined
areas of interest (AOI), which included search result pages, facets, and queries.
They showed that the most time is spent on inspecting the search result pages (50
seconds per task), followed by facets (25 seconds), and queries (6 seconds). The
results suggest that facets play an important role during exploratory search. How-
ever, the authors acknowledge that the exploratory tasks provided involved topics
that were well-matched by the facets. Hence, the results of the AOI analysis might
differ for tasks in which the facets are not well-matched.
Kang & Fu (2010) compared the search behaviour of experts and novices when
searching in a traditional search engine and a social tagging system. They recruited
48 participants who were asked to solve an exploratory search task by using Google
and the social bookmarking service Delicious.9 They showed that the group of
experts used queries more often than novices. At the same time, novices employed
tag-based queries more frequently. The authors assume that experts are more likely
to conduct queries from existing knowledge. The group of novices, on the other
hand, rely on existing information in the environment that facilitates browsing on
a predefined terminology comparable to stratagem browsing.

2.8 Conclusion

This section introduced some of the most renowned models of information seek-
ing, sub-divided by their respective attributions such as process-oriented, strategic,
and exploratory models. Even though each of the models plays a vital role in es-
tablishing the theoretical foundations, three models are of particular relevance for

9This service was not available anymore by the time of writing.
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the present thesis. First and foremost, the strategic model developed by Bates is
highly relevant, because it outlines the theoretical consideration of stratagems (see
Section 2.4).
The process-oriented behavioural model of information seeking strategies by Ellis
(2.2.1) determines different stages of the information-seeking process. In particu-
lar, the initial stages: starting, chaining, and browsing. These stages describe the
phases of the information-seeking process that are addressed in this thesis.
The concept of exploratory search (see Section 2.6) introduces another direction
of information seeking that puts more complex search activities into the centre of
attention: learning and investigating both incorporating two elementary search ac-
tivities searching and browsing. The latter is usually aiming to resolve uncertainty
and confusion, which often occurs when new information is encountered (White,
2016).
From these three models, it is concluded that stratagems represent a variant of
exploratory browsing allocated in the area of academic searches whose exploratory
nature is reflected in the initial stages, starting, chaining, and browsing, of Ellis’
model.



3

Contextualisation

The notion of context is used in various disciplines with different meanings and
characteristics. Thus, studying the numerous definitions of what is understood as
context can be exceedingly difficult. In an attempt to capture the different exist-
ing interpretations, Bazire & Brézillon (2005) extracted 150 definitions of context
that came mainly from web sources in different domains of cognitive sciences and
related disciplines. Although their study was not designed to serve as a litera-
ture review, it still demonstrates that context is an ill-defined concept for which it
is difficult to identify a definition that is generalisable across all disciplines. Di-
mensions that represent different shapes of context are for instance: spatial and
temporal context which are commonly employed in mobile recommender systems
(e.g. Aliannejadi & Crestani, 2018), the task context (e.g. Li & Belkin, 2008), or
the interaction context which is determined by the actions a user has performed.

In the following section, the role of context in (I)IR is introduced based on a nested
model of context stratification by Ingwersen & Järvelin (2005b).

3.1 Nested Model of Context Stratification

In research on information, one can distinguish between the social context of a
searcher (e.g. cultural and organisational features), which is increasingly impor-
tant for research in the area of human-computer interaction, and a more algorith-
mic, computer science driven view on context, which refers to information objects,
their contents, and interrelationships (Ingwersen, 2006).

The importance of context in (I)IR has already been recognised in previous theoret-
ical models, such as Saracevics’ stratified model of interaction (see Section 2.3), or
Belkins’ hypotheses on the anomalous state of knowledge (Belkin, 1980). Though,
these models make the concept of context sometimes interchangeable with the con-
cept of situation, which is one central component in the analysis of the IR process.

It is generally accepted that IR is an interactive process that occurs in multiple,
overlapping contexts that inform, direct, or shape the interactions (Cool & Spink,
2002). Thus, context plays a fundamental role and has a substantial impact on
nearly all components involved in the IR process.

31
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Recognising the importance of context for IR, a nested model of context strati-
fication is presented by Ingwersen & Järvelin (2005b) that incorporates multiple
dimensions of context. A representation of the model is displayed in Figure 3.1.

Figure 3.1: Nested model of context stratification (Ingwersen & Järvelin, 2005b).

The model of context stratification comprises the following dimensions10:
1) Intra-object refers to contextual elements that exist within range. This could
be, for instance, a text surrounding an image. 2) Inter-object represents between-
object relations such as hyperlinks or citations, which connect objects to one an-
other. 3) Interaction context represents the interaction behaviour during a search
session. It can form a rich network of potential information regarding preferences,
style, experience, and knowledge, as well as interests. As such, it can be applied in
recommender systems and personalised information systems. 4) Social, Systemic,
Work task context incorporates, for instance, the social context (e.g. peer group),
systemic (e.g. search engine), and task context (e.g. work task). 5) Societal in-
frastructures influence all actors, components and interactive sessions. 6) Historic
context operates across each stratification. It is the history of all participating ac-
tors experiences affecting their expectations.

From this model, they derived the hypothesis (and belief) that "..by taking account
of context the next generation of retrieval engines dependent on models of context
can be created, designed and developed delivering performance exceeding that of
out-of-context engines" (Ingwersen & Järvelin, 2005a, p. 32).

Each of the dimensions in the nested model of context stratification encourages
different aspects of research. The first dimension, inter-object relations, can, for
instance, be utilised to develop contextual article rankings in which the context of

10For a more detailed discuss see Ingwersen & Järvelin (2005b); Ingwersen (2006).
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a citation, i.e. the text around a citation mark, can be employed in order to rank
articles concerning a given topic (e.g. Doslu & Bingol, 2016).

The configuration of the stratified model of context is dependent on the component
under consideration. The innermost-circle of the model represents the core com-
ponent whose nature determines the characteristics of all remaining contexts in the
model. Hence, more focused representations can be developed by putting concrete
use cases or actors into the centre of attention. An example of a modified version
of the model applied to a recommender scenario was developed by White et al.
(2009). Given a user on a web page ut, they employ the inter-object context (ut),
interaction context (ut), and the historic context(ut) to model user interest from
contextual information.

Another distinction of different context levels is found in the introduction to the
special issue concerning issues of context in information retrieval by Cool & Spink
(2002). They defined context to be relevant on four levels: 1) the information
environment level within which information behaviour takes place. For instance,
organisational or work task settings. 2) The information-seeking level, which in-
cludes the goal(s) a person is trying to achieve. 3) The IR interaction level that
explores the user–system interaction within search sessions. 4) The query level
which explores IR system performance on user queries. An example of context on
the query level is adding further information (the context) to determine the scope
of the request in more detail.

3.2 Relevance Feedback

A valuable source for contextual information, especially regarding the interaction
context is the so-called relevance feedback. The core principle of relevance feed-
back is to choose important concepts from previously retrieved documents that
were identified as relevant and enhancing the importance of these concepts in a
new query formulation (Salton & Buckley, 1990). The main goal of relevance
feedback is to support the user during the initial phase of retrieval, in which a
user often encounters difficulties in formulating appropriate queries. Instead, it is
assumed that it is easier to judge particular documents as relevant and engage in
iterative query refinement.

Relevance feedback can be mined from three sources: explicit, implicit, and via
pseudo relevance feedback. The former two variants are discussed in the subse-
quent section in more detail.



CHAPTER 3. CONTEXTUALISATION 34

3.2.1 Explicit Relevance Feedback

Explicit relevance feedback collects information about relevant content directly
from the user. Given a set of retrieved documents, a user explicitly marks or se-
lects those documents that are relevant for his or her search task. A retrieval system
can then exploit the information concerning what the user is interested in and what
not in the subsequent search activities.

According to Manning et al. (2008), the basic procedures are: 1) a user initialises
a search on the basis of a query, 2) the system returns a set of retrieved documents,
3) the user marks relevant documents from the initial set of retrieved documents, 4)
the system determines a better representation of the user’s information need on the
basis of the provided feedback, and 5) returns a revised and more accurate set of
retrieved documents. This process can go through multiple iterations until, eventu-
ally, the information need of a user is satisfied.

Explicit relevance feedback can be very effective but has a rather obvious draw-
back: The effectiveness of relevance feedback depends on additional activities re-
sulting in higher costs to the user. At the same time, the benefits of these activities
are not always apparent to the user, which is why users might be reluctant to pro-
vide additional information. Thus, it can be difficult to collect the necessary data
and consequently the effectiveness of explicit techniques can be limited (Kelly &
Teevan, 2003).

3.2.2 Implicit Relevance Feedback

One way to overcome the downsides of collecting explicit relevance feedback is
to utilise implicit relevance feedback. In contrast to explicit feedback, information
about the preferences of a user are collected unobtrusively during one or multiple
search session(s). The general assumption during the collection of implicit rele-
vance feedback is that a user is implicitly providing traces of relevance information
during a search session which helps a system to approximate the user’s information
need.

There exist various features of interaction that imply relevance and which in com-
bination or separately act as a surrogate for explicit relevance feedback. Some
categories of observable implicit relevance feedback are listed below:

• Click-through data cover information about the documents on which a user
clicked. The main assumption is that clicked documents are more relevant
than the ones that are not clicked, for example, on a result page. A frequent
interpretation of click-through data is that each click represents an endorse-
ment of that page (Joachims et al., 2017).
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• Dwell time indicates the time that a user spent reading a document. The
main assumption here is that a user would engage more intensively with a
relevant document and therefore, spend a longer time span with a relevant
document than with a non-relevant document.

• Mouse movements / Text selections: The movement of the cursor and the
selection of text snippets on a document potentially indicate user interest
with the particular item.

• Save: This category acts as an umbrella concept for interactions that involve
further activities with a document such as saving, forwarding, bookmarking,
printing, citing, or exporting.

The main advantage of implicit relevance feedback compared to explicit feedback
is that the cost of providing additional information is avoided. Furthermore, im-
plicit relevance feedback allows a combination of signals, e.g. click-through data
and dwell time. On the other hand, implicit relevance feedback might suffer from
noisy data as the relevance of a document is just an approximation that might not
be accurate enough and thus, have a negative impact on the effectiveness of the
retrieval.

3.2.3 Query Expansion

In order to operationalise relevance feedback, whether implicit or explicit, it is a
common practice to expand the user query by adding useful terms, to better reflect
the information need (Buckley et al., 1995). This process is called query expansion.

Query expansion (QE) has been well known for decades, and the advantages of this
approach have been discussed in detail throughout the literature. Amongst others,
QE has the potential to clearly specify or narrow the query when ambiguous terms
are involved (e.g. python the animal vs python the programming language), enrich
an imperfect query with additional concepts potentially leading to better results
and thus, potentially reducing uncertainty at early stages of the search process (see
Section 2.2.2).

Assume a user has submitted a query Q which consists of a set of n terms
Q = {t1, t2, · · · tn}. A generalised query expansion could now be formalised
as depicted in Equation 3.1:

Q∗ = {expand(ti)|∀t ∈ Q} (3.1)

The set of expanded query terms Q∗ is provided by an expansion function expand,
which represents a general expansion function that determines associated terms to
a given term t.
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One of the most prominent methods for query expansion is known as the Roc-
chio Algorithm (Rocchio, 1971), which operates within the Vector Space Model.11

Given an initial query Q, the Rocchio Algorithm is mathematically defined in
Equation 3.2:

~qm = α~q + β

|Dr|
∑
∀ ~dj∈Dr

~dj −
γ

|Dn|
∑
∀ ~dj∈Dn

~dj (3.2)

In Equation 3.2, Dr denotes the set of relevant documents, determined either via
explicit or implicit feedback by a user. Accordingly, Dn represents the set of non-
relevant documents. The parameters α, β, γ represent the associated weights of the
initial query (α), the relevant documents (β), and the non-relevant
documents (γ ). The goal of the Rocchio Algorithm is to expand the original query
q to a new query qm, which moves closer towards the centroid of the relevant doc-
uments (Dr) and away from the set of non-relevant documents (Dn).
An optimal modification of the user’s query is, in reality, rather unlikely, as rele-
vance feedback usually only provides an incomprehensive view of what is consid-
ered as relevant by the user.

Although the present section focused strongly on relevance feedback, the methods
to address query expansion are not limited to those. Other approaches utilise, for
instance, a thesaurus to find appropriate expansion terms e.g. (e.g. Aronson &
Rindflesch, 1997).
More recent methods employ word embedding techniques that represent terms as
a low-dimensional vector in a vector space. Terms that are semantically or syntac-
tically related tend to be close in the semantic space (Kenter & de Rijke, 2015).
Word embeddings, which have been effectively applied to NLP tasks, are recently
used for many IR related tasks, such as document ranking and query expansion
(e.g. Ganguly et al., 2015; Zamani & Croft, 2016; Roy et al., 2018).
For a comprehensive overview of query expansion methods in IR one can refer to
Azad & Deepak (2019).

3.2.4 Applicability of Implicit Relevance Feedback

The following section reviews related work with respect to the effectiveness and
applicability of implicit relevance feedback.

A comparison of implicit and explicit feedback is presented by White et al. (2001).
They examined to what extent implicit feedback can act as a substitute for explicit
feedback. Their experiment comprised 16 participants who were asked to solve

11The vector space is a classic model in IR. In this model, documents and queries are represented
as vectors in a t-dimensional space (Baeza-Yates et al., 1999). As IR models, in general, are not in
the original scope of this thesis, they are not further introduced. However, for a thorough overview
of the different models used in IR, one can refer to Croft et al. (2009).
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predefined tasks, that were taken from the TREC-10 interactive track. Two in-
terfaces were developed that connect to the Google search engine: one that uses
implicit, and one that uses explicit relevance feedback. Both variants were com-
pared with regards to viewed result pages, task completion, and task time. The
results showed no significant difference in terms of search effectiveness on any of
the investigated dimensions.
Joachims et al. (2017) presented an examination of the reliability of click-through
data as implicit relevance feedback. The focus of their study was two-fold: a) to
investigate the users’ decision process when interacting with result lists by using
an eye-tracking device, and b) to evaluate the degree with which implicit signals
indicate relevance. The latter was done by comparing the implicit feedback signals,
such as click-through data with explicit feedback, that was collected manually.
Their result showed that the users’ click decisions are influenced by the relevance
of the results. At the same time, however, they noticed that the interpretation of
click decisions was problematic because of two reasons. First, they observed a
trust bias by comparing clicks at the two top-ranked documents. The document
on position one was more frequently clicked despite that an analysis of gaze data
showed that both documents are viewed much more equally. Second, they observed
a quality bias which was exposed by: a) swapping documents at rank one and rank
two in the result list and b) by reversing the order of the documents in the result
lists. Their experiment showed that the quality of the ranking influences the users’
clicking behaviour. With decreasing quality of the result sets (e.g. reversed order),
users click on results that are on average less relevant. From these observations,
they argue that the interpretation of clicks as relevance feedback should not be on
an absolute scale but rather take into account the trust bias and the quality of the
ranking.
Another study comparing individual and combinations of implicit relevance feed-
back to explicit ratings is presented by Claypool et al. (2001). In their study, they
examined individual implicit relevance feedback which involved the time a user
spends on a page, the time spent moving the mouse, the amount of scrolling, and
the number of mouse clicks on a page. The authors concluded that: a) the time
spent on a page, b) the so-called "amount of scrolling" which is a combination of
different scrolling measures, and c) the combination of time and scrolling were
good indicators of interest. The number of clicks on a page, however, turned out to
not represent an indicator for interest.
Morita & Shinoda (1994) investigated to what extent the preference of a user is
reflected in the time spent reading a news article. Their experiment involved eight
participants reading a total of 8,000 news articles. They concluded that the pref-
erence of a user was the main factor that affects the time spent reading an article
and thus, that it is possible, at least to a certain extent, to derive relevance feedback
from the time reading an article. Kelly & Belkin (2001) conducted a replication
study to reproduce the results of this experiment in another IR context. The results
of this replication study, however, showed that the time viewing a document was
not significantly related to the user’s subsequent relevance judgement. Kelly &
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Belkin (2001) concluded that aspects such as the tasks, the underlying document
collection, and search environment might affect the generalisability of the original
study.
The applicability of text selection events on search result pages as implicit rele-
vance feedback was investigated by White & Buscher (2012). Their central hy-
pothesis was that text selections provide implicit information about a user’s search
interest which could be employed on future queries for that particular user to in-
crease search performance. The study involved volunteers from the Microsoft Cor-
poration whose text selection events were recorded when using Microsoft Bing.12

On the basis of text selections, they developed an interest model, which contained
non-stopword terms appearing during a text selection event. The top-10 results
of a near-future query B were then re-ranked according to the cosine similarity
between the interest model and each result snippet. Their experimental results
showed significant improvements over two baselines: the search engines’ original
result ranking and a re-ranking by query similarity. Hence, their findings suggest
that text selections could be used effectively as implicit relevance feedback.

The contributions discussed reflect only a few, highly relevant examples from the
literature available on implicit relevance feedback.13 Nevertheless, one can observe
that the features applicable to determine implicit relevance feedback are manifold.
The literature discussed suggests that implicit relevance feedback can be employed
as an approximation for relevance. However, it has to be stressed that studies on
implicit relevance feedback are often difficult to generalise, due to factors like the
given task, underlying document collection etc., which have an impact on the re-
sults (e.g. Kelly & Belkin, 2001). Furthermore, it is important to emphasise that
interactions, such as the click-through rate, are not interpreted on an absolute scale
(Joachims et al., 2017).

3.2.5 Conclusion

In the present section, the notion of context was introduced. First, the nested model
of context stratification was discussed, which highlights the importance and the
different manifestations of context during information seeking. Of particular rele-
vance is the interaction context which provides the theoretical basis for the devel-
opment of contextualised stratagem browsing. Subsequently, relevance feedback
and query expansion were introduced. They provide the algorithmic methods to
implement contextualised stratagem browsing (see Section 7). Finally, the appli-
cability of different sources of implicit relevance feedback was discussed.

12https://www.bing.com/, last accessed April 15th, 2020.
13For a more comprehensive view on implicit relevance feedback one can refer to Kelly & Teevan

(2003).

https://www.bing.com/
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Digital Libraries

The previous two sections introduced and discussed models of information seek-
ing and contextualisation in conjunction with their applicability, primarily under
the consideration of an abstract entity denoted as an information system. Concrete
instances of such an information system are Digital Libraries (DLs). Consequently,
this section is dedicated to the introduction of DLs, in order to illustrate how the
different concepts that contribute to DLs interplay.

DLs have been subject to research for more than two decades,14 with contributions
from international conferences (e.g. JCDL15, TPDL16), as well as journals (e.g.
IJDL17) dedicated specifically to the domain of DLs. One essential and often men-
tioned aspect of DLs is that they represent an interdisciplinary research domain in
which several disciplines (e.g. computer science, library science) and groups of
practitioners (e.g. publishers and librarians) are involved (Fuhr et al., 2001).
Providing an adequate and generally accepted definition of DLs, however, is a
non-trivial and challenging task and, as of today, there exist numerous definitions
of DLs each emphasising different aspects (e.g. Borgman, 1999), (Lesk, 1997),
(Arms, 2001). One reason for this is the aforementioned interdisciplinarity of the
field. A computer scientist, for instance, might highlight the task of indexing and
retrieving information, which consequently associates to the traditional compe-
tences of information retrieval. A librarian, on the other hand, might focus on the
representation, curation, and structuring of the available information in a DL.

One prominent and often referenced definition of DLs is provided by Arms (2001),
who states that

".. a digital library is a managed collection of information, with associated
services, where the information is stored in digital formats and accessible over a

network." (Arms, 2001, p. 2).
14Although other terms have been used previously, such as electronic or virtual library, the term

Digital Library got widely accepted around 1991.
15Joint Conference on Digital Libraries (https://www.jcdl.org, last accessed April 15th,

2020).
16Theory and Practice of Digital Libraries (http://www.tpdl.eu, last accessed April 15th,

2020).
17International Journal on Digital Libraries (https://www.springer.com/journal/

799, last accessed April 15th, 2020).
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Although Arms understood this as an informal definition, he emphasised one key
aspect of DLs which determines a necessary scope and serves as a distinction from,
for instance, web search which is: that DLs are "managed collections of informa-
tion". A DL is thus, not only understood as a set of indexed information, but rather
as a controlled environment in which information is collected and organised.

A similar distinction between DLs and the WWW was expressed by Fox et al.:
"One dichotomy often posed about DLs is Managed vs. Comprehensive. Thus, a
library is managed while the WWW is unmanaged (but closer to being comprehen-
sive)." (Fox et al., 2012, p. 6).

Despite several other existing definitions, the ones proposed by Arms and Fox et
al. are well suited in the context of this thesis as they offer a certain degree of
generality, while at the same time a differentiation between DLs and web search
engines is drawn.

4.1 Components of Digital Libraries

In order to develop and, equally important, to evaluate DLs, it is necessary to gain
a better understanding of the theoretical foundations and the different stakeholders
involved in the DL field. Formal models and theories can help to provide such
an understanding as they are crucial to specify and understand the characteristics,
structure, and behaviour of complex information systems (Goncalves, 2004).

Two prominent examples that aim to lay these foundations are the DELOS Ref-
erence Model (Candela et al., 2007) and the 5S framework (Streams, Structures,
Spaces, Scenarios, Societies) (Gonçalves et al., 2004), which are both discussed in
the following.

4.1.1 DELOS Reference Model

In Figure 4.1, the DELOS Reference Model is displayed. In the centre of this
model resides the "Digital Library Universe", which is an aggregation for a three-
tier framework. The components of this framework are briefly explained below
following Candela et al. (2007):

• Digital Library represents an organisation that comprehensively collects,
manages, and preserves digital content that is offered to its users in conjunc-
tion with specialised functionality on that content.

• Digital Library System represents the deployed and running software that
implements the DL facilities and provides all functionalities required.
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• Digital Library Management System represents a generic software com-
ponent that provides the appropriate software infrastructure to produce and
administer a Digital Library System.

Figure 4.1: The main concepts of the Digital Library Universe according to the
DELOS Reference Model. Figure adapted from Candela et al. (2007).

Despite the wide range of existing DL applications, one can identify a common set
of concepts that are available in almost any of the systems. These are represented
by the six core concepts, which surround the Digital Library Universe displayed in
Figure 4.1. Following Candela et al. (2007), the involved components are:

• Content: This concept covers all data and information that is managed by
the DL. It covers all forms of information objects that a DL collects, man-
ages, and delivers (e.g. metadata, annotations).

• User: The concept "user" encompasses all the different actors that are en-
titled to interact with a DL. Amongst others, the concept user represents
authors, publisher, librarians. As an umbrella concept, it covers any other
aspect that is related to a user, e.g. the storage of interaction behaviour pro-
files which are often used to contextualise a retrieval session.

• Functionality: This concept describes all services that a DL offers to its
users. The concept "functionality" reflects the particular needs of the digital
library’s community.

• Quality: This concept represents the parameters that can be used to evalu-
ate the quality of a DL. It is a strongly inter-related concept that applies to
multiple components such as the content or the functionality of a DL.

• Policy: This concept covers the conditions, rules, and regulations governing
the interactions between the user and a DL. Policies deal, for instance, with
digital rights management, pricing, privacy.
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• Architecture: This concept represents the mapping between the functional-
ity and content offered by a DL onto the hardware and software components.

Although the six core concepts of the DELOS Reference Model are represented
separately, they are by no means to be understood independently but much rather
as strongly inter-related: one entity within a concept is often related to or influ-
enced by other entities from different core concepts (Agosti et al., 2007). This is
particularly visible for the concept quality, which is strongly inter-related to the
concepts content and functionality.

4.1.2 5S Framework

Another model that aims to provide the theoretical foundations for DLs is the 5S
framework whose name is a result of the five components: Streams, Structures,
Spaces, Scenarios, and Societies which are introduced below following Gonçalves
et al. (2004).

• Streams represent the elements of an arbitrary type which is either of static
(e.g. textual material) or of dynamic (e.g. a digital video) nature.

• Structures represent the way in which parts of a whole are organised and
arranged. A typical example of a structured organisation is a book that can
be separated into chapters, sections, or subsections.

• Spaces refer to a set of objects, together with operations on those objects,
that obey certain constraints. Spaces account, for instance, for presentation
(e.g. virtual reality spaces) or indexing (e.g. estimating the similarity of
two concepts by measuring their distance in a vector space). Spaces are a
highly generic component that can be applicable when a concept can not be
matched to any of the other Ss.

• Scenarios cover possible ways to use a system and are suitable to describe
external system behaviour from the users’ point of view.

• Societies cover a set of entities and the relationships among them. Society
in the context of DLs includes, for instance: authors, publishers, editors, or
developers.

The components of the 5S framework are split into two parts: content-related, and
people and service. Streams, Structures and Spaces are closely connected compo-
nents that relate to all matters with respect to the content of a DL. Scenarios and
Societies, which are also strongly connected, relate to people and services of a DL.

Both, the DELOS Reference Model and the 5S framework, aim to provide a the-
oretical framework for DLs. The 5S framework applies a rigorous definition of
various DL concepts, while the DELOS reference model is more concerned with
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identifying the main concepts and relationships encompassing the entire DL (Isah
et al., 2013). The DELOS reference model was developed mostly top-down, in
order to cover up for existing and planned DL. The 5S framework, on the other
hand, was launched earlier and was developed largely bottom-up, starting with key
definitions and with an elucidation of the DL concept from a minimalist and formal
approach (Agosti et al., 2007).
Both models represent a comprehensive conceptualisation of DLs, but the prag-
matic nature of the DELOS reference model is more suitable for this thesis in
comparison to the rather abstract formalised 5S model.

4.1.3 The Concept of Quality in Digital Libraries

Even though only briefly introduced, the two models show that DLs are undoubt-
edly complex systems, which amongst others, involve different actors, concepts,
and organisational units. In order to build an effective and usable DL, one has to
consider each of the different stakeholders by taking into account the various needs
and goals. Consequently, the assessment of a DLs quality depends on the particular
scope and the underlying need; or as Fuhr et al. recognised:

“What is a digital library?” The answer depends upon whom you are
asking. This is even truer if you ask, “What is a good digital library?”
(Fuhr et al., 2001, p. 187).

The evaluation of DLs is a non-trivial task and various researchers have proposed
suitable evaluation frameworks. Gonçalves et al. (2007) proposed a quality model
for DLs which is build upon the 5S framework aiming to define critical dimensions
and indicators of quality in a DL. A comparison of the quality concept in the DE-
LOS reference model and the quality dimension in the 5S quality model can be
found in Agosti et al. (2007).

For a more comprehensive discussion of the complexity of evaluating DLs one can
refer to Saracevic (2000) who highlights the conceptual and pragmatic challenges
that are encountered when evaluating DLs and a more recent publication by Fuhr
et al. (2007).

4.2 Metadata in Digital Libraries

An essential component of DLs is metadata, which are often loosely described
as "data about data". In the context of DLs, metadata are considered structured
information that ".. describes the content and attributes of any particular item in
a digital library." (Cleveland, 1998, p. 5). Moreover, metadata play an essential
role by enabling users to search or browse for resources of interest (Riley, 2017;
Cleveland, 1998). Metadata in the DELOS Reference Model are incorporated in



CHAPTER 4. DIGITAL LIBRARIES 44

Table 4.1: Six types of metadata according to the National Information Standards
Organization (NISO) with shortened examples taken from Riley (2017).

Type Description
Descriptive metadata Finding or understanding a resource
Structural metadata Relationships of parts of resources to one an-

other
Administrative:

• Technical metadata
• Preservation metadata
• Rights metadata

Decoding and rendering files
Long-term management of files
Property rights attached to content

Markup languages Integrates metadata and flags for other struc-
tural or semantic features within content

the concept "content" and take up ".. a central role in the handling and use of in-
formation objects, as they provide information critical to its syntactical, semantic,
and contextual interpretation" (Candela et al., 2007, p. 19).

Today, metadata are pervasive in everyday online life and used in social media,
webshops, or even in the infamous exposure of metadata collection by the Na-
tional Security Agency (Greenwald, 2013).

According to Riley (2017), one can distinguish six types of metadata which are
displayed in Table 4.1. Each of the different types of metadata is of relevance for
the design of DLs. In the context of this thesis however, it is sufficient to concen-
trate on two of the given types: descriptive and structural metadata.

Descriptive metadata provide fundamental information about a record in DLs
and are arguably the most important metadata type for users of a DL. Descriptive
metadata in DLs are analogous to a traditional catalogue record and describe the
intellectual content of a record, enabling its retrieval and assessment. Examples of
descriptive metadata are the title or the author of a record.
Structural metadata, on the other hand, describe the relationships of parts of re-
sources to one another (Riley, 2017). The primary use of structural metadata is to
enable the navigation between related resources and as such support the process of
browsing.

The opportunities of browsing on the basis of metadata have also been discussed
by Witten et al. (2009), who understands the structure that is implicit in metadata
as the key to providing browsing facilities. Some of today’s browsing capabilities
in DLs are presented in the following section.
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4.3 Browsing in Digital Libraries

Many modern DLs today offer some variation of browsing capabilities. What can
be explored, however, is dependent on the richness of the underlying metadata, and
of course, on the providers’ design choices. Figure 4.2 shows two adjusted18 exam-
ple records that were taken from the Web of Science19 and SSOAR (Social Science
Open Access Repository)20.

Both examples display descriptive metadata which provide the users of a DL with
information necessary for the assessment of the record. The descriptive metadata
cover information about the records title, authors, abstract, keywords, classifica-
tions, and publication information such as the publishing journal, volume, pub-
lished date, digital object identifier (DOI). Additionally, both examples facilitate
browsing by implementing keywords, classifications (SSOAR only), and author in-
formation as hyperlinks. This represents today’s implementations of Bates’ strata-
gems as introduced in Section 2.4.

The implementation of browsing functionalities and its subsequent document rank-
ing is, of course, DL dependent. Many DLs, however, facilitate browsing based on
a filtered query retrieving those documents that share the particular filter criterion.
This will be explained in more detail in Section 4.4.3.
Figure 4.2 shows that the two displayed DL records share certain commonalities,
considering the representation of descriptive metadata. The access to the content,
however, is very different. SSOAR is an open access repository for the social sci-
ences that provides full-text access to the users. SSOAR covers 56,000 open access
articles mainly from the social sciences. Full texts in SSOAR are published either
by authors themselves (self-archiving) or by research institutes, universities, and
discipline-specific infrastructure providers (SSOAR, 2020). The Web of Science,
on the other hand, is a commercial citation index that covers more than 72 mil-
lion bibliographic records together with references for many of the records (Web
of Science Core Collection) (Mangan, 2018).
While these are only two examples of DLs, they represent a very common im-
plementation design that can be found in many other systems such as PubMed21,
ACM Digital Library22, or Springer Link23. In the following section Sowiport, a
DL for the social sciences, will be introduced.

18The screenshots were adjusted to demonstrate the use case. Unnecessary elements such as trans-
lated abstracts were removed to fit the page.

19http://apps.webofknowledge.com/, last accessed April 15th, 2020.
20https://www.ssoar.info, last accessed April 15th, 2020.
21https://www.ncbi.nlm.nih.gov/pubmed/, last accessed April 15th, 2020.
22https://dl.acm.org/, last accessed April 15th, 2020.
23https://link.springer.com, last accessed April 15th, 2020.

http://apps.webofknowledge.com/
https://www.ssoar.info
https://www.ncbi.nlm.nih.gov/pubmed/
https://dl.acm.org/
https://link.springer.com
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(a) Web of Science

(b) SSOAR

Figure 4.2: Two modified example documents taken from Web of Science and
SSOAR . Both records were retrieved by submitting the query "violence and sports".
Screenshots taken April 4th, 2020
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4.4 The Digital Library Sowiport

To implement and evaluate the concepts of contextualised stratagem browsing
Sowiport, a Digital Library for the Social Sciences is employed.24 To allow for a
better understanding of the upcoming experiments presented in this thesis, Sowiport,
its constituting document corpus, and some of the most relevant features are now
described briefly.

By the time the experiments presented in this thesis were conducted, Sowiport
comprised about 9.7 million literature references covering topics from the social
sciences. On a weekly basis, Sowiport reached around 20,000 unique users. The
records indexed in Sowiport were integrated from 23 different databases, that came
primarily from collaborating institutes and libraries.

An example document indexed in Sowiport is displayed in Figure 4.3. One can
see a composition very similar to the DLs Web of Science and SSOAR (see Fig-
ure 4.2). Figure 4.3 is organised into three sections. In Section A, one can see
that the example document comprises various descriptive metadata with essential
information about that particular document, such as the title, author information,
classifications, and topics. Furthermore, one can see Sowiports implementation of
stratagem browsing. In the depicted example, specific fields of descriptive meta-
data are represented as hyperlinks which allow further exploration of documents
indexed in Sowiport. Metadata implemented as hyperlinks are available for the
following fields: keywords, classifications, the journal, and author information. A
detailed example of this implementation follows in Section 4.4.3. A list of de-
scriptive metadata, along with corresponding browsing facilities, can be found in
Appendix A.8.

The documents’ abstract, citation, and reference information are located in Section
B of Figure 4.3, which is organised in a tab view. References and citations account
for a special case: first of all, not all documents contain information about citations
and references. In total, only 5.2% of all documents contain citation information,
and 2.3% of the documents contain information about referenced articles. A further
restriction is that browsing is only supported if the reference or citation resolves to
a document that is also indexed in Sowiport. As illustrated in Figure 4.3, only the
references five, six, and seven are linked to content in Sowiport.
In addition, Sowiport offers a recommendation service which displays documents
related to the currently examined one. These recommendations are shown in Sec-
tion C of Figure 4.3.

24In 2018, Sowiport was replaced by an integrated search system http://search.gesis.
org, that covers several object types such as bibliographic records, datasets, and information about
researchers. Sowiport was last accessed in December 2017.

http://search.gesis.org
http://search.gesis.org
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A
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Figure 4.3: Example document from Sowiport that shows descriptive metadata (A),
a tab organised view (B) containing the abstract, references and citations, and (C)
recommendations related to that particular document.

4.4.1 Architecture

The architecture of Sowiport is based on a VuFind 2 framework.25 The VuFind
discovery software is a customisable open-source library portal that provides many
of the basic functionalities available in Sowiport, such as browsing, simple, and
extended searching, and faceted searching. Sowiport records are indexed in an
Apache Solr 5.3 index.26

An overview of the Sowiport architecture incorporated in the conceptualisations of
the DELOS reference model is displayed in Figure 4.4. Applying the conceptu-
alisation from the DELOS reference model (see Section 4.1.1), one can identify a
four-level architecture that involves the concepts: content, functionality, user (in-
teraction log), and the digital library system.

25https://vufind.org, last accessed April 15th, 2020
26https://lucene.apache.org/solr/, last accessed April 15th, 2020

https://vufind.org
https://lucene.apache.org/solr/
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Figure 4.4: Overview of the Sowiport architecture, adapted towards the DELOS
reference model on the basis of Hienert et al. (2015a).

The content level encompasses all data that are made available to the users. This
covers, amongst others, the documents (depicted as literature references) that are
indexed and retrieved, a thesaurus and a reference index.
The user level involves a logging framework in which each interaction of a user
is stored in a MySQL database. The logging framework utilises a javascript based
logging mechanism that stores information about the users’ actions. These include,
for example, a session identifier, a timestamp, the identifier of each viewed record,
and each submitted query.
The Digital Library System is an instantiation of the Digital Library Management
System VuFind which involves the VuFind middleware and the user interface. The
latter includes essential components such as templates for result lists and record
views.
The functionality level incorporates tools developed to support the users of
Sowiport during their information-seeking task. These involve a term recommender,
a heterogeneity service, and a recommender system. These three features are now
described in more detail.

• Term Recommender: In order to support the user during the query for-
mulation process, a term recommender is implemented, which supports the
user in finding alternative concepts to a given query. The term recommender
utilises two services: the Thesaurus for the Social Science (TheSoz) and
the Search Term Recommender (STR). The TheSoz covers topics from the
Social Sciences with basic semantic relations like broader, narrower, and re-
lated (Zapilko et al., 2013). The STR maps query terms to indexing terms at
search time in order to recommend more appropriate query terms to the user
(Hienert et al., 2011).

• HTS: Due to the heterogeneity that results from integrating content from 23
different databases, a web service called heterogeneity service (HTS) was de-



CHAPTER 4. DIGITAL LIBRARIES 50

veloped to support cross-concordance searches. According to Mayr & Petras
(2008), cross-concordances are intellectually created crosswalks that deter-
mine equivalence, hierarchy, and association relations between terms from
two controlled vocabularies. The underlying cross-concordance database
contains controlled terms from 25 different thesauri with about 513,000 en-
tries. This web service plays a vital role during the ranking of documents
as it is employed during query expansion. A query that was formulated by
a user is transmitted to the HTS. The query is then expanded on the basis of
equivalence relations from all cross-concordances where the TheSoz is the
source or target database (Hienert et al., 2015a). This query expansion serves
as a baseline in the evaluation of the contextualised ranking features which
will be introduced in Section 7.2.

• Recommender Systems: Recommendations in Sowiport are provided to the
user as part of the detailed view of a document (see Figure 4.3 C). The way
these are implemented, however, differs from other services like the HTS and
STR in a way that these are provided by a cooperation partner in the form of a
Web Service (Beel et al., 2017a). The implementation of these recommenda-
tions as a service enables other researchers to develop own recommendation
algorithms that can be evaluated in experiments using real-life users and data
and is thus serving as a living lab. The experiments conducted include, for
instance, a comparison of stereotype and most-popular recommendations on
the basis of click-through data (Beel et al., 2017c). They have been made
publicly available for other researchers for reproduction and improvement
(Beel et al., 2017b).

4.4.2 Interaction Pattern

Although Sowiport comprises a large number of documents and attracts a high
number of online users, one can observe a very common interaction pattern visible
in a large proportion of sessions. A majority of the users access Sowiport via
search engines that crawl and index the documents that are covered by Sowiport.
Another large proportion of Sowiport users come from university libraries that link
to Sowiport content. Both groups usually visit Sowiport by immediately accessing
the detailed view of a document, called seed document, as these are usually indexed
by search engines and university libraries. A visualisation of interaction sequences
that show this access pattern is depicted in Figure 4.5. One can see a Sankey
diagram that has been created using WHOSE - a whole-session analysis tool in
IIR (Hienert et al., 2015b). The diagram shows the distribution of interactions per
session step. Each action of a user (e.g. view record, query, browse) is depicted as
"Step" in a chronologically ordered sequence of interactions. Of particular interest
is the distribution along Step 1. One can see that the majority of initial interactions
in Sowiport are on the action level view record, which classifies this interaction as
a user looking at the detailed view of a record (see Figure 4.3). These sessions
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Figure 4.5: Sankey diagram of Sowiport interaction sequences. The diagram was
provided by the WHOSE tool developed by Hienert et al. (2015b).

presumably came from a web search engine given that no initial search within
Sowiport has been performed. On the opposite, only a comparably low amount of
sessions start on the action level search_simple, which is the leading search form
of Sowiport.
The interaction patterns depicted in Figure 4.5 have an essential influence on the
evaluation of contextualised stratagem browsing and will be discussed in detail in
Sections 8 and 9.3.

4.4.3 Stratagem Browsing in Sowiport

A practical example of stratagem browsing in Sowiport is displayed in Figure 4.6.
In this example, a seed document with the title "Football in Southeastern Europe:
..." has been retrieved via the query for "violence and sports". Stratagem browsing
can be employed by selecting a keyword, the name of the author, or the journal
(Südosteuropäische Hefte – Southeastern Europe Magazine). Each of these in-
teractions would lead to a result list of documents containing that particular filter
criterion. Such a result list is displayed in Figure 4.6 (b), which was generated by
selecting the keyword sports from the seed document. In this example, the ranking
has not been contextualised and thus, represents the default behaviour of Sowiport
and many other modern DLs.
The result list displayed in Figure 4.6 (b) contains various characteristics worth
noticing. First of all, one can see that the top-ranked documents are not related
to the seed documents topic about football in the former Republic of Yugoslavia.
Instead, the top-ranked documents cover various topics related to the field "sports".
Furthermore, one can see that the top-ranked documents in the result list are pub-
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(a) Seed document

(b) Result list

Figure 4.6: Seed document retrieved via a query search for "violence and sports"
(a) and the corresponding result list after stratagem browsing via the keyword
"sports" (b).
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lished in German, which again is in contrast to the seed document, which was
published in English.
In total, more than 250,000 records were retrieved, which makes an effective as-
sessment of the result list nearly impossible.

In many modern DLs, the most common feature to narrow down search results
based on certain document features are facets, which are widely implemented
nowadays. Facets are described as a "set of meaningful labels organized in such
a way as to reflect the concepts relevant to a domain" (Hearst, 2006, p. 60). Al-
though empirical studies identified various beneficial aspects of faceted browsing
(e.g. Fagan, 2010), they usually operate on the level of simple Boolean retrieval.
Furthermore, facets require the user to interact with the result lists and to select
each filter criterion one after another. In contrast to facets, the ideas of contextu-
alised stratagem browsing, presented in this thesis, tailor search results on the level
of stratagems based on the users’ interaction context without additional effort of
the user. In other words: contextualised browsing aims to re-rank documents that
result from stratagem browsing with respect to an approximation of users’ search
interests, while the advantages of faceted browsing remain unaffected and can still
be utilised by the user.

4.5 Conclusion

Digital Libraries are the primary use case for contextualised stratagem browsing.
The present section aimed at providing an understanding of DLs, which is a non-
trivial task. Furthermore, the most important components and characteristics of
a DL were described and interrelated. Descriptive metadata were identified as a
core component that represent both, an important source that enables users of a DL
to assess the relevance of a document, and at the same time represents the opera-
tionalisation of stratagem browsing on the user interface.

Sowiport, a specific instance of a DL, was described in detail. Although there exist
various other aspects of Sowiport that could be of interest, the present section has
focused only on the most crucial aspects that are necessary for a better understand-
ing of the upcoming experiments. These include the user interface, the technology
stack, and the implementation of stratagem browsing in Sowiport.
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Introduction to Empirical Studies on Stratagem Browsing

Although modern DLs widely facilitate browsing, especially on the level of strata-
gems, the attention by the scientific community on their empirical evaluation is
comparatively small. Thus, it can be challenging to assess the usefulness of these
types of search activities without additional research. While today, descriptive
studies exist that measure the quantitative usage of certain stratagems (e.g. Kacem
& Mayr, 2018; Hemminger et al., 2007), these studies do not reflect potential ben-
efits or flaws of stratagem browsing.
The present thesis is devoted to investigating and implementing contextual strata-
gem browsing by following the principles of Interactive Information Retrieval (IIR),
as described in Section 2. Therefore, in line with the user-centred paradigm of IIR,
it is crucial to gather a deeper understanding of stratagem browsing and to address
the lack of research in this area. In order to achieve this, two empirical studies were
conducted which are presented in the following two sections.

• The first study was conducted in the form of an online survey. Overall, 204
respondents were recruited to answer questions regarding the usefulness of
different stratagem browsing variants. The results of this survey are pre-
sented in the following section.

• The second empirical investigation was conducted in the form of a multi-
method study on stratagem browsing behaviour in which 32 participants took
part. The participants were asked to solve a task on searching related docu-
ments to a given topic. The task was embedded in a scenario in which the
participants had already found a relevant document and wanted to find other
documents which are related to the one provided. The main objective of
this observational study was to determine the actual use of stratagem brows-
ing during a search task. Besides observing the participant’s information-
seeking behaviour during the experiment, an eye-tracking device was used
to gain a better understanding of the perceived usefulness of certain strata-
gems. The results of this study are presented in Section 6.

The two studies presented in this chapter are motivated by the belief that the design
of effective IR systems is only possible with a better understanding of how users
interact with them (Robins, 2000).



5

Survey on Search Activities at
the Stratagem Level

The first step towards a better understanding of stratagem browsing was done by
conducting an online survey. The goal of this survey was two-fold: 1) to gain
knowledge about the use of stratagem variants during information seeking and 2)
to preliminary assess the usefulness of contextualised stratagem browsing. The
stratagem variants in the survey were derived and adapted from the examples pre-
sented by Bates (1990).

The survey addressed the following research question:

RQ: What kind of stratagem browsing variants do users employ during in-
formation seeking, and how do the respondents assess their usefulness?

The usefulness of stratagem variants was studied with respect to two scenarios:
a) the user has found a relevant document and wants to find similar documents
and b) the user employs a stratagem variant without a preceding document. The
motivation for using different scenarios was driven by the assumption that the use-
fulness of a certain stratagem depends on the users’ state of search. If, for instance,
a user has found a relevant document he/she may be eager to find other relevant
documents and therefore, be more encouraged to employ a certain stratagem that
might lead to similar documents. On the other hand, a state of search in which a
present document is not considered relevant might lead to a different assessment of
a stratagems’ usefulness.

The present section is an extended version of Carevic & Mayr (2016) that has been
published and presented at the International Conference on Theory and Practice
of Digital Libraries (TPDL).

5.1 Survey Design

The survey was available for two weeks during August 2015 and was primarily
designed for researchers and postgraduate students but not limited to a particular
field of study. The respondents were recruited via collaborating universities and
institutes, mailing lists, and social media (Twitter, Facebook). To keep the survey

56
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maintainable for the respondents, it emphasised on only two of the six stratagems
proposed by Bates: a) journal and conference run and b) citation and reference
search. In total, the survey consisted of 28 questions, that were divided into four
parts27.

The first two parts were primarily concerned with the general usage of journal and
conference runs as well as citations and references. The third part of the survey
concerned the general usage of stratagems. To this end, the respondents were pre-
sented with six stratagems, which were all derived from Bates (1990) and slightly
modified (see Table 5.3). The respondents were asked to rank these activities by
their usage frequency when searching for relevant documents.

The fourth part of the survey was designed to gain information about the potential
benefits of contextualised stratagem browsing. To this end, the respondents were
presented with a use case in which they were asked to organise the content of
a journal based on six ranking options: four generic options such as date or in
alphabetic order and two novel options that were based on a contextualised ranking.
The survey concluded with nine socio-demographic questions and two optional
questions regarding feedback and contact information.28

5.2 Results of the Online Survey

In total, there were 204 respondents, of which 129 completed the survey. The
results of the survey that are presented in this section are reported on all available
responses, even if the survey was not completed by the respondent.

5.2.1 Socio-Demographics and Search Experience

62.6% of the respondents were male, and the age of the respondents ranged from
23 to 79 years (mean=40.3, sd=12.1, N=128).

Information about the respondents’ field of study and academic degree can be
found in Figures 5.1 (a) and 5.1 (b). The respondents were asked to choose their
field of study from a set of 26 options. In total, 12 fields were chosen with the
majority of the respondents coming from the field of "Computer and Information
Science" (50.4%) and the "Social Sciences" (28.2%). Regarding the academic de-
gree of the respondents, 54.2% replied to have a master’s, diploma or bachelor’s
degree, 32.1% obtained a doctoral degree, 12.2% were professors, and 1.5% of the
respondents were undergraduates.

27The questionnaire of the survey can be found in Appendix B.
28Two pretests with colleagues of the department Knowledge Technologies for the Social Sciences

were carried out.
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(a) Field of study (b) Academic degree

Figure 5.1: Distribution of the respondents field of study and academic degree
(N=131).

When asked to rate their experience in the usage of DLs, 24.4% considered their
experience as expert, 42.7% as high, 21.4% as moderate, 10.7% as little and 0.8%
had no experience at all.

Alongside their experience, the respondents were asked how often they used DLs
and Google Scholar using a five-point Likert scale ranging from very rarely to
very often. The results are displayed in Figure 5.2. 59.6% of the respondents use
DLs ”often” or ”very often” (median=4, mode=4, N=129) and 71.8% use Google
Scholar ”often” or ”very often” (median=4, mode=5, N=129).

Figure 5.2: Percentaged usage of Digital Libraries and Google Scholar (N=129).

5.2.2 Journal and Conference Run

The first part of the survey addressed general questions concerning journal and con-
ference runs. A five-point Likert scale with different item labels for each question
was employed. The following example shows the item labels regarding a question
about usefulness in which the labels range from: not at all useful (1), rather not
useful (2), neither useful nor not useful (3), rather useful (4), very useful (5). For
each of the questions, the negative item was left-aligned.
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The questions and the corresponding results regarding a journal and conference run
are displayed in Table 5.1 (each item-label is highlighted).

Table 5.1: General questions concerning a journal and conference run (N=156).

Task Mdn Mode M SD
How useful are conference pro-
ceedings or journals as a source
for relevant documents during
your search task?

5 (very useful) 5 4.31 0.89

How satisfied are you with the
support of current Digital Li-
braries (e.g. ACM DL, Web of
Science) browsing through con-
ference proceedings or journals?

3 (neither satisfied
nor unsatisfied)

4 3.27 0.9

How important is the quality of
a conference (ranking) or a jour-
nal (e.g. the impact factor) for
your confidence in the source?

4 (rather important) 4 3.44 1.06

Furthermore, it was investigated how frequently the respondents used journal or
conference runs. Two questions with items ranging from "never" to "very often"
were asked: a) "How often do you browse through conference proceedings or jour-
nals to find relevant documents?". The question was then repeated but from a
modified situation: b) "After finding a document (e.g. ACM DL, Web of Science)
that is relevant for your current search task: How often do you browse through the
conference proceedings or journals the document was published in?".

The results for the usage of journal or conference runs are displayed in Figure 5.3.
A journal run without preceding document (denoted as Journal Run) was selected
"often" or "very often" by 54.9% (median=4, mode=4, N=142) of the respondents.
Regarding a journal run with a preceding document (denoted as Journal Run 2),
35.2% replied to use this search activity often or very often (median=3, mode=3,
N=142).

If the respondent replied that he/she never or rarely browsed through conference
proceedings or journals, he/she was asked to further explain the decision using an
open-ended question. 13 response were given for the variant without a preceding
document (Journal Run), and 23 responses for the variant with a preceding doc-
ument. The most frequently given responses concerning the journal run without
a preceding document were a preference for query searches, predominantly men-
tioned in conjunction with Google, Google Scholar, or the Web of Science. The
most frequent responses regarding the journal run with preceding document were
a preference for searching and addressing the topic of a journal.
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Figure 5.3: Usage frequency of a journal and conference run when looking for
related documents without (Journal Run) or with preceding document (Journal Run
2) (N=142).

Some (shortened) examples that were provided by the respondents are presented in
the following:

• "Often the content the journal is covering is broad compared to my search
query."

• "Proceedings are usually not that close to a specific topic."

• "Papers in the same proceedings volume or the same journal issue are often
merely related to each other in a very superficial way.."

• "Only very occasionally if the topic of the conference happens to be on some-
thing very relevant to me."

• "It usually takes too much time, browsing for additional related literature on
a search engine is faster."

• "I rather search for documents citing the article/paper or its references. An
exemption might be when the found article is published in a special issue on
a certain topic."

• "I don’t do it to keep focus. When I do it, it’s out of simple curiosity or to
find out if the article is part of a special issue."

Other reasons provided by the participants were concerned with orientation and
learning:

• Orientation: "This is really something to do when one has no idea what one
is looking for and needing hints.."

• Learning (topic): "I only do that when I want to get new keywords to search
for when I start a new topic.."

• Learning (community): "I browse journals to get a feeling for a certain
community or conference.."
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Table 5.2: General questions concerning citations and references (N=140).

Task Mdn Mode M SD
How important is the number
of citations a document has re-
ceived to you?

3 (neither impor-
tant nor unimpor-
tant)

4 3.33 0.91

How would you rate the use-
fulness of citation rankings (e.g.
h-index) where documents are
ranked by the number of re-
ceived citations?

3 (neither useful
nor not useful)

4 3.23 0.99

Assuming there is a key docu-
ment in a particular field. How
important is it to you to find
central authors citing that partic-
ular document?

4 (rather important) 4 3.60 1.07

Overall, one can summarise that journals and conference proceedings are consid-
ered very useful sources (median=5, mode=5, N=156). The respondents often
browse through a journal or conference proceedings in order to find relevant doc-
uments but less frequently as a follow-up search activity starting from a relevant
document. It is assumed that journals and conference proceedings are not that valu-
able when looking for related material with respect to an already retrieved relevant
document.

5.2.3 References and Citations

In the second part of the survey, general questions concerning the usage of citations
and references were asked. Again a five-point Likert scale using different item la-
bels was employed. The questions and the respective results are displayed in Table
5.2.

Furthermore, it was examined how frequently the respondents used references or
citations after finding a relevant document.29 Two questions with items ranging
from never to very often were presented: a) "Starting from a relevant document:
How often do you use references to find other relevant documents for your search
task?" and b) "Starting from a relevant document: How often do you use citations
to find other relevant documents for your search task?". The results of these two
questions are displayed in Figure 5.4.

Regarding citations, the options "often" to "very often" were selected by 65.7%
29An example diagram was presented to the respondents to clarify the relationship between cita-

tions and references.
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(median=4, mode=5, N=140) of the respondents and by 82.1% (median=4, mode=4,
N=140) regarding references. If the respondent replied that he/she never or rarely
used citations or references, he/she was asked to provide some additional infor-
mation on why. For references, only one relevant response was available. He/she
replied to prefer semantic tools. With respect to using citations, there was an over-
all agreement that they are more difficult to find and therefore not that commonly
used.

Figure 5.4: Results for the usage frequency of citations and references when look-
ing for related documents. (N=140)

Overall, one can summarise that citations and references are commonly employed
to find other relevant documents. 65.7% of the respondents used citations, and
82.1% used references often to very often. The number of citations a document has
received has neither been important nor unimportant to the respondents. However,
it is considered as rather important to find authors who cite a particular key doc-
ument in a certain field. The central tendency regarding features like the h-index
or the general citation count ranges between the mid-point and a rather positive
tendency.

5.2.4 Stratagem Usage

In Bates (1990), six example stratagems were proposed (see Section 2.4). In order
to study today’s relevance of these search activities, the following search scenario
was presented to the respondents:

"Please consider the following scenario. You want to find out about the current
state of the art in a particular field. You have already found one document that
is useful to your current work task."
Which of the following search activities do you perform to find other related
materials? Please order the following options from best to worst.

The scenario was designed to put the user into a situation in which he or she utilises
a stratagem as a follow-up search activity. Although this question clearly aimed at
testing the applicability of the presented variants of stratagem browsing, it was de-
cided not to include the term "browsing". The main reasons for this decision were
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Table 5.3: Stratagem usage for the given scenario. Mean values range from lowest
rank (6) to highest rank (1) (N≥125).

Ranking option Mean SD Median Mode
Follow references in the current document 2.38 1.24 2 2
Inspect the list of documents that cite the cur-
rent document

2.79 1.50 2 2

Keywords that describe the current document
as search terms

2.82 1.63 3 1

Look for papers the authors of the current
document has/have published

3.46 1.21 3 3

Browse the conference/journal the current
document was published in

4.10 1.53 4 5

Browse a thesaurus to find classification terms
related to the current document

5.21 1.30 6 6

two-fold: a) to avoid over-specification of the situation, which would be necessary
in order to introduce the term browsing and in turn b) to keep the scenario reason-
ably short. Alongside this scenario, the respondents were given the six example
stratagems and then asked to order all these activities from best to worst regarding
the given scenario using a drag and drop user interface. The list of stratagems, in
conjunction with the corresponding results, are illustrated in Table 5.3.
References, citations, and keywords are the most commonly applied stratagem
variants for finding relevant documents to an already retrieved seed document.
Again one can see that citations and references are important stratagem variants.
This is an observation that was evident throughout the survey so far. While journals
and conference proceedings were considered as useful in order to find content that
is relevant for a researcher in general (see Section 5.2.2), they do not appear to be
considered useful as a follow-up search activity in which a relevant seed document
is provided as it is the case in the given scenario.

In addition to the task described above, the respondents were given the
non-mandatory opportunity to provide other search activities that they employ to
find related material. Using an open-ended question, the respondents provided var-
ious other types of search activities.

Some of the responses are collected in the following:

• "I ask colleagues for further literature hints."

• "Sometimes, I check the corresponding Wikipedia article with its references
- I use phrases for search input (e.g., for names) - I check number of citations,
and year of publication..."

• "I look at its altmetric page to check what people say about it."
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5.2.5 Organising Journal Articles

In addition to the goal of obtaining knowledge about the use and usefulness of
different stratagem variants, the survey was designed to pretest the hypothesised
need for contextualised stratagem browsing. This pretest was conducted by pro-
viding the respondents with a search task scenario along with six options to rank
the content resulting from a journal run.
The respondents were given the scenario displayed in Figure 5.5, in which they are
asked to look for related material in a journal named Addiction.

Please consider the following situation: You are about to write an es-
say about ’Alcohol Consumption in Germany and its Demographic Dis-
tribution’. You start your search by entering the search terms ’alco-
hol consumption germany’. You find a relevant document (see illustra-
tion) that was published in a journal named ’Addiction’. After reading
the document you want to see more material from that particular journal.

Figure 5.5: Scenario for the task on organising journal articles.

Alongside that journal run scenario, six randomly arranged options on how to rank
articles from that particular journal were presented to the respondents. Four of the
six options (issue date, title, author, and citation count) are well known and widely
implemented in today’s DLs. The two remaining options are contextualising the
ranking of the articles from that journal: One option ranks the journal articles by
the previously entered query ("alcohol consumption germany"), and the other op-
tion ranks the journal articles by similarity to the current relevant article the user
inspected based on the title ("Developments in alcohol consumption..").30The re-
spondents were then asked to order the six ranking variants from best to worst using
a drag and drop user interface. The results of this task are displayed in Figure 5.6.31

30The idea behind the two contextualised ranking options had already been discussed in a position
paper (Carevic & Mayr, 2015).

31A tabular representation of the results is appended in A.1.
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Figure 5.6: Results for the task on organising journal articles. Values ranging from
the lowest rank (6) to highest rank (1) (N≥128).

The results of this task show a strong tendency towards a contextualised ranking
of journal articles and are in line with the hypothesis of the thesis. Both ranking
options, that are based on previous search activities (denoted as Query and Sim-
ilarity), clearly outperform the other four ranking options, that are well known
and commonly used in DLs. Overall, a ranking based on the previously entered
query term was ranked slightly better (mean=2.08, sd=1.34, mode=1) compared to
the ranking option based on similarity to the current relevant article (mean=2.23,
sd=1.32, mode=2). The four generic ranking options, on the other hand, performed
notably worse with a mean ranging between 3.95 and 4.42.

5.3 Conclusion

Primarily, the survey provided insights into the usefulness of stratagem brows-
ing. The journal run and conference proceedings were considered as very useful
sources by the majority of the respondents (median=5, mode=5, N=156). 54.9% of
the respondents browse through a journal or conference proceedings often to very
often, in order to find relevant documents, but only 35.2% use this stratagem as a
follow-up search activity starting from a relevant document.
Particularly informative were the responses that were given in the open-ended
questions, which offered valuable insights into potential reasons to reject a cer-
tain stratagem. A key observation that was made from these responses is the top-
ical broadness. A very commonly given response was that the employment of a
stratagem depends on the underlying content. Having very generic keywords or
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a topically broad journal has a strong influence on the decisions whether or not a
stratagem variant is employed.

The task on organising journal articles showed a strong tendency towards a need
for contextualised ranking methods. The respondents considered the two contextu-
alised ranking options notably higher in comparison to the rather traditional rank-
ing options. This pretest is an indicator for the usefulness of contextualised strata-
gem browsing.

The results of the online survey provided a general overview of the usage of strata-
gem browsing across a broad range of disciplines and academic degree. To gain
more in-depth knowledge of these types of searches, a user study was conducted in
which the stratagem usage is observed in a controlled experiment. The setup and
the results of this user study are presented in the following section.



6

User Study on Stratagem
Browsing in Digital Libraries

The online survey was valuable to obtain first insights into the usefulness of strata-
gem browsing. The results of the survey suggest that there is a potential need
for contextualised browsing. On the downside, the survey is missing a qualita-
tive perspective that could lead to a more profound understanding of the users’
intentions and expectations, while employing a stratagem. Furthermore, the survey
does not provide information regarding information-seeking behaviour during an
actual search task. Instead, the results rather represent a user’s view on past search
behaviour. A respondent of the survey might, for instance, agree that he/she is
considering a journal run as useful, but insights regarding the operationalisation of
such a stratagem can not be provided by the survey results.
Hence, to gain more advanced knowledge about stratagem browsing, it is neces-
sary to move towards a qualitative perspective. One approach to obtain this kind of
knowledge is to observe participants while solving a search task.

For this reason, a user study with 32 participants from the social sciences domain
was conducted. The participants were asked to solve a predefined search task using
the Digital Library Sowiport (see Section 4.4). The participants were provided with
a topic on educational inequality and a seed document that was relevant for the
given search task. The search task was then to look for content that is similar to the
given seed document in a limited time slot of 10 minutes.
While solving this task, the search activities of the participants were observed to
gain knowledge about the actual usage of stratagem browsing in a controlled envi-
ronment. In addition to this, the gaze data of the participants were recorded using
an eye-tracking device to gain insights on the perceived relevance of certain search
activities. Different areas of interest within a document were defined in order to
measure the dwell time and the number of fixations to determine the perceived rel-
evance.

The participants were recruited from two levels of experience. The first 16 partic-
ipants were students, and the other 16 participants were postdoctoral researchers
from the social sciences. The intention of inviting two distinct groups of partic-
ipants was to unfold potential differences between these two groups in terms of
search behaviour and gaze data. An experienced researcher, for instance, may be
aware of a renowned journal that is central to his/her research field and may be

67
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encouraged to browse this journal more often while an undergraduate student may
not be aware of these journals and thus, consider a journal run as less useful.
This study addresses the following research question:

RQ: What are the most frequently applied stratagem browsing variants in
a state-of-the-art DL, and how is their usage in comparison to other search
strategies like, for example, query searches? How is the perceived relevance
of stratagem browsing opportunities?

Besides analysing gaze data and measuring the usage frequency of stratagem brows-
ing variants, a post-questionnaire was conducted in which the participants were
asked to provide reasons for their use of a stratagem, rate its usefulness, and pro-
vide reasons for their usefulness rating.

The present section is based on Carevic et al. (2018a) that has been published in
the International Journal on Digital Libraries (IJDL).

6.1 Study Design and Setup

The user study took place in single sessions with a duration of about 30 minutes
each. It was ensured that the conditions were the same in every session. The exper-
iment was carried out on a laptop which was connected to an external 22”-monitor
as the stimulus monitor for the participants. The display of the laptop was used
for observation. An "SMI iView Remote Eye-tracking Device 250" installed at the
bottom of the stimulus monitor was used to capture the gaze data. The screen activ-
ities, as well as the eye movements, were recorded by the corresponding software
SMI Experiment Suite 360. A nine-point calibration with a visual and quantitative
validation was used to ensure the quality of the gaze data, and a sampling fre-
quency of 250Hz for recording the eye movements was defined. All participants
used Mozilla Firefox to access Sowiport during the task.

6.1.1 Scenario

All participants had to accomplish the same task, which is shown in Figure 6.1. The
task was developed to serve as a simplified version of a simulated work task (Bor-
lund, 2003) (see Section 2.6.1). Accordingly, it was avoided to over-clarify the
situation and to include information about the number of documents to retrieve.
The task much rather aimed at providing guidance towards the problematic situa-
tion and the environment in which the scenario is placed.

The simulated work task was developed to be as close to a realistic work task as
possible. However, two limitations were necessary: 1) The participants were re-
quired to use Sowiport for their literature search and thus, by the time the study took
place, they had access to about 9 million documents from 18 different databases of
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 You are writing an essay about education 

inequality. You have already done a first 

literature search and found a document that you 

consider very relevant. 

In order to find more literature for your essay, 

you are looking for similar documents now. 

You have 10 minutes left before you have to pack 

your bags and go home. You decide to use the 

time for finding similar documents. For this 

purpose, you start in Sowiport with the relevant 

document that you have already found. 

Collect the documents that you consider relevant 

by opening them in new browser tabs. 

Figure 6.1: The scenario and search task for the user study.

which six are English-language ones, 2) the participants had a limit of ten minutes
to solve the task.

At the beginning of the search task, each participant was provided with the same
seed document titled Ethnical educational inequality at the start of school (German
original title: Ethnische Bildungsungleichheit zu Schulbeginn ). Details of the seed
document and its descriptive metadata can be found in Figure 6.2 (a). The doc-
ument was published by two authors, contained five keywords, one classification
term, and was published in a German journal for sociology and social psychology.
Each of these descriptive metadata were implemented as hyperlinks and could be
utilised for further exploration (see Section 4.4.3).
Figure 6.2 (b) and (c) depict separate tab views which allowed the participants to
browse through citations (four citations all accessible in Sowiport via hyperlinks),
reference information (70 references of which 33 were accessible in Sowiport via
hyperlinks) and read the abstract of the given document. Additionally, the partic-
ipants had access to the full text of the seed document, which could be accessed
via a hyperlink provided by Sowiport. Furthermore, the participants were provided
with ten document recommendations (see Section 4.4.1): five of them were pro-
vided by the SOLR more like this function, and five were associated documents
that were published in the same journal.

The document displayed in Figure 6.2 was chosen as a seed because: 1) it com-
prises a reasonable number of descriptive metadata, including citations and refer-
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ences which facilitate further exploration, and 2) because it was assumed that the
topic of the document was balanced to be neither too specific nor too generic for
the participants coming from the social sciences.

(a) Seed document

(b) Citation tab (c) Reference tab

Figure 6.2: The seed document used in the user study, including the available
descriptive metadata (a), citations (b) and references (c) (shorted example).

6.1.2 Procedure

Every session followed a detailed protocol to ensure that the conditions were iden-
tical for each participant. After a short introduction to the background of the study
and the procedure, each participant signed a consent form about the recording of
the gaze data as well as the screen activities. The user study was divided into
three parts: a pre-questionnaire, the search task, and a post-questionnaire. In the
following, these are described in more detail.
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Pre-questionnaire

In the first part of the study, the participants were handed out a pre-questionnaire,
in which they were asked to provide socio-demographic information such as age
and gender, as well as their search experience. Regarding their search experience,
the participants were asked about the overall use of DLs, the use of Web of Science,
Sowiport and additionally Google Scholar. In accordance with the online survey
presented in Section 5, a five-point Likert scale was employed with items ranging
from 1=very rarely to 5=very often.

Search task

During the second and main part of the user study, the participants were provided
with the simulated work task that they were asked to solve. For this, the eye-
tracking technology, as well as the task, were briefly explained. The participants
were asked to take an upright and comfortable position in order to move as little
as possible while solving the search task. Then, the monitor with the eye-tracker
was aligned to their height and eye level, so that their eyes were positioned in the
centre of the area captured by the eye-tracking device. Finally, the eye-tracker was
calibrated.
First, the scenario was displayed to the participants. After reading the scenario, the
participants proceeded to the seed document (see Figure 6.2) for the search task.
The search activities and eye movements were followed on the observation screen
while the participant was solving the task. At the same time, each stratagem usage
was noted down as well as which information a participant looked at.
The focus was again on the six stratagems that were derived from Bates (1990) and
that had already been part of the online survey (see Section 2.4). Those six strata-
gems were modified slightly to fit the use case of Sowiport. The list of investigated
search activities comprised:

• Inspect the list of documents that the current document references.

• Inspect the list of documents that cite the current document.

• Follow keywords that describe the current document.

• Look for papers the author(s) of the current document has/have published.

• Browse the conference/journal the current document was published in.

• Follow classification terms related to the current document.

In addition to stratagem browsing, it was observed how often the participants
clicked on recommended documents, and how often they submitted a query.
After ten minutes, the participants were asked to end their search and review the
documents they had collected in browser tabs. They were instructed to close the
documents they did not consider relevant anymore.
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Post-questionnaire

In the third and last part of the session, the participants were asked to fill out a
post-questionnaire, that was handed out after the simulated work task had been
completed. The goal of the post-questionnaire was two-fold: First, it covered some
general questions related to the difficulty of the task, the difficulty in finding rel-
evant documents, the ability of the system in providing relevant documents, and
the users’ opinion of how successful they were in solving the task. The second
goal of the post-questionnaire was concerned with the central idea for conducting
a user study, which was to obtain more qualitative feedback regarding the usage of
stratagems. This was approached by asking the participants to assess their strata-
gem usage. In order to avoid confusion and to eliminate potential bias, neither the
simulated work task nor the questionnaire mentioned the term stratagem. Instead,
the stratagems were paraphrased according to their characteristics. An example for
a participant that followed references in a document is displayed below:

• You solved the task by following the references of the document.

– Why did you choose this method?

– How useful was this method (1=not at all useful, 5=very useful)?

– Please give reasons for your choice of usefulness.

Information aimed at obtaining insights about why a participant had looked at a
particular information but did not further employ that potential strategy was col-
lected similarly:

• You looked at the classification terms of a document but did not follow them.

– Why didn’t you use this method?

6.1.3 Eye-Tracking Methodology

For each participant, full-screen records were taken during the search task show-
ing their gaze data and capturing the navigation bar of the web browser as well
as overlaying dynamic elements. These records were used to reproduce the user
journey of each participant. The employed search activities (stratagems, queries,
and recommendations) and the collected relevant documents per stratagem variant
were counted.32

In order to analyse the participants’ gaze data, certain pre-processing actions needed
to be performed. First, following Reichle et al. (2012), a fixation time threshold
of 104 ms was defined, which indicates the start of lexical processing. Second, for
each participant, the stable eye was determined by comparing the scan paths of the

32If a participant combined two search activities like, for example, keywords and queries, only the
first search activity is reported.
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left and the right eye of a participant. Third, the data were reduced to three stimuli:
1) the seed document and its descriptive metadata, 2) the reference list of the seed
document, and 3) the citation list of the seed document.
Restricting the results of the eye-tracking experiment to the seed document was
necessary, since it is the only document that each participant visited before starting
their explorative and individual search through Sowiport. Only the timespan be-
tween entering the document and the first interaction with a clickable object other
than the citation and reference tab was taken into account. This way, overlaying el-
ements, such as the search term recommender (see Section 4.4.1), that would have
distorted the gaze data, were eliminated. An additional constraint is that gaze data
is only considered during the first visit on each of the three stimuli.
Heat maps were employed to analyse the eye-tracking data, in order to obtain a
visual representation of the participants’ gaze data. Additionally, areas of inter-
est (AOI) were defined to quantify the number of fixations and the dwell time on
particular elements of the seed document.

6.2 Results of the User Study

The user study involved 32 participants, who were divided into two groups accord-
ing to their academic degree. The first group included 16 students, and the second
group included 16 postdoctoral researchers. All participants were social scientists
from different fields of study that had been recruited via e-mail and personal recom-
mendation. The students were aged between 22 and 35 years (m=26.38, sd=3.76).
75% were female. About 19% of the students had no academic degree yet, 69%
held a bachelor’s degree, 15% held a master’s degree, and 6% had a diploma. The
postdoctoral researchers’ age ranged from 30 to 62 (m=40.19, sd=9.23). In this
group, 50% were female.

6.2.1 Search Activities

The total usage frequency of the eight potential search activities is displayed in
Figure 6.3.33 The figure contains information about the usage frequency of a search
activity (purple) and the number of participants that employed a particular search
activity (light-grey).
In total, the participants utilised a stratagem variant 137 times. The most frequently
used stratagems were: using keywords (50), following references (27), and follow-
ing citations (26). The interest in utilising citations and references was even more
evident when considering that not all documents encountered during the sessions
supported these types of searches. A rather low frequency was found for the journal
run, which has only been utilised by two participants.
The usage frequency of query searches and recommendations is displayed in the
four rightmost bars in Figure 6.3. Queries and recommendations (n=111) were, in

33A tabular representation of this illustration can be found in the Appendix A.2.
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Figure 6.3: Total usage frequency of the six stratagems in comparison to queries
and recommendations.

total, less often employed compared to stratagems, even though queries were the
most frequent search activity. Surprisingly, only 22 participants used queries at all,
which means that 10 participants solely relied on stratagems or recommendations
to solve the task.

A possible explanation for the strong reliance on stratagems can be found in the
qualitative feedback of the participants, presented in the subsequent section.

6.2.1.1 Feedback on Search Activities

Several participants named little effort as a criterion for using a stratagem and pre-
ferred quick and easy steps to find more relevant results during the task. Other
frequently mentioned reasons were search habits and time restrictions as reasons
for using or not using a stratagem. Participants also mentioned that inspecting the
list of references and the employment of a journal run would have cost them too
much time so that they decided not to use these stratagems during this particular
search task. Several participants stated that they did not perform a journal run be-
cause the particular journal was too general for the task. Corresponding to that,
participants frequently mentioned that the specific author was crucial for their de-
cision to search for an author. If the participants surmise or know that an author
focuses on the topic of interest, they are more likely to perform an author run. Re-
garding the classification terms and the keywords, the participants said that they
only use them for further search if they are relevant for the topic and if the classi-
fication terms/keywords are neither too general nor too specific. Additionally, the
participants named several document related factors as reasons for employing or
rejecting a certain stratagem.
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6.2.1.2 Usefulness of Search Activities

In the post-questionnaire, the participants were asked to assess the usefulness of
the search activities employed during the search task.34 The results of this inquiry
are displayed in Table 6.1.

Table 6.1: Usefulness of the employed search activities. Results range from 1 (not
at all useful) to 5 (very useful).

Type Search activity N M SD Median Mode
Stratagem References 16 4.19 0.7 4 4

Classifications 5 3.80 0.75 4 3
Authors 12 3.75 0.92 4 4
Citations 16 3.69 0.98 4 4
Keywords 16 3.56 0.86 4 4
Journal 2 3 0 3 3

Other Queries 21 3.38 0.72 3 3
Recommendations 16 3.19 1.01 3 4

The participants considered references, classifications, and author searches as the
most useful stratagems for the given task, while the usefulness of journals, rec-
ommendations, and queries was comparably low. The reasons for the usefulness
ratings correspond to the reasons for the usage or rejection of a search strategy.
The participants explained that references gave them quick access to a large set
of documents that were topically related. Critical aspects of references were that
they often comprise large sets of referenced articles and thus, they were considered
as time-consuming. Furthermore, some of the documents contained in the list of
references were considered to be too specific.
Similar responses were provided for the citations which also provided quick access
to related documents. A frequently stated critique was that the number of citations
was rather low (four citations in the seed document). Having a seed document with
a larger number of citations would certainly help to resolve this issue.
Most participants that employed an author search rated this activity as useful be-
cause authors had often published similar and more recent documents on the same
topic. Frequent comments on the usefulness of keywords were a precise search on
topically related documents and a good starting point to the given subject. Topi-
cal mismatches and broadness were mentioned as downsides by the participants.
Similarly, the journal was considered to be too general for the topic at hand.
Positive aspects of the usage of queries were a feeling of control and a quick way
to select topically adequate (neither too broad nor too narrow) documents. On the
downside, it was mentioned that the number of results retrieved via query searches
was too high.

34Not all participants responded to each search activity, which results in minor differences between
the actual usage of a search activity (see Figure 6.3) and the usefulness rating.
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Figure 6.4: Percentaged usage frequency of search activities within a session limit
of ten steps.

6.2.1.3 Stratagem Usage Frequency by Session Step

The participants changed their search strategies several times throughout the study.
In Figure 6.4, the percentaged usage frequency of each observed search activity is
displayed, taking only the initial ten steps into account.35 In this section, a step
is referred to as an individual search activity performed by a participant on the
stratagem, query, or recommendation level.
The two most frequent initial search activities starting from the seed document
were keywords and citations, both applied by 21.8% of the participants. Journals
(none of the participants), classifications, and authors (both 3.1% of the partici-
pants) were the least frequently applied search activities. The frequent usage of
stratagems is particularly visible when considering just the initial search activities
(Step 1). At this stage, stratagems account for nearly 70% of all initial searches.
With increasing session steps, one can observe a change in the participants’ search
strategy. Queries, which were only used by 15.6% of the participants in the first
session step, were the most frequently applied search activity in the remaining three
groups. The other search activities varied within the session steps like, for instance,
the author run and the usage of keywords.
In the post-questionnaire, several participants stated that the success of their pre-
vious search influenced their search strategies. If they had not found a satisfying

35A tabular representation can be found in the Appendix A.3.
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number of relevant results yet, they would have been more likely to use different
strategies than they had before.

6.2.2 Eye-Tracking Results

The results presented in the previous section showed that stratagem searches were
frequently employed in the context of this study. The results from the qualitative
feedback, however, revealed that the employment of a stratagem strongly depends
on the stratagems underlying content. A journal, for instance, that presumably
covers a wide range of topics may be too broad to discover something similar.
Therefore, even though the journal run itself is a legitimate and useful search ac-
tivity, it may not be suitable for the given task.

In order to address this issue, it could be of benefit to study the so-called perceived
relevance of the six stratagems by looking at gaze data which was provided by
the eye-tracking device. The assumption is that relevant stratagem browsing op-
portunities attract a higher number of fixations and consequently result in longer
fixation periods. Under this assumption, the analysis of gaze data has the potential
to provide knowledge about stratagems that goes beyond studying only the actual
stratagem usage and enables, to some extent, the approximation of a stratagems
perceived relevance even if the stratagem was eventually disregarded.

Figure 6.5 shows a heat map of the gaze data and its distribution across the seed
document for the first stimulus before any interaction with the system was per-
formed. On the heatmap, one can see a focus along the descriptive metadata, most
intensely in the area of the seeds authors and publishing information. Furthermore,
one can recognise that the distribution is mostly focused on the first entries of each
class of metadata. This is particularly visible for the keywords where only the first
items appear to be fixated while the focus decreases for the remaining ones. Other
areas with high fixations were: classifications, citations, references, access to full-
text, and recommendations. Surprisingly, the distribution along the abstract of the
seed document was rather low.

6.2.2.1 Areas of Interest

Heat maps provide a quick overview of gaze data for the entire document. A more
detailed examination of gaze data is provided in the following section in which the
number of fixations and the corresponding time spent were quantified by defining
areas of interest (AOI). The defined AOI are displayed in Figure 6.6.
The main focus of this study is on stratagems and therefore, the AOI mainly con-
centrated on keywords, classifications, publishing information (journal or confer-
ence proceedings), authors, citations, and references. Alongside these stratagems,
the fixations along the search bar (query formulation) and the recommendations
were incorporated as well.
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Figure 6.5: Heat map showing the distribution of gaze data among the seed docu-
ment for all 32 participants.

In the AOI illustrated in Figure 6.6, the following two features were measured:

• Dwell time: The time spent on a certain AOI during the first visit.

• Number of fixations: The total number of times a certain AOI was examined
by a participant.

In order to keep the analysis of the AOI reasonable, only the three stimuli of the
seed document (descriptive metadata, citations, and references) were considered.
Furthermore, only the timespan during the entry and the first interaction on each
stimulus were taken into account.

The results of the AOI analysis are displayed in Table 6.2. The most frequently fix-
ated AOI were references (m=178.76), recommendations (m=12.57), and citations
(m=12.2). Other areas, like the search bar (m=5.11) or the classifications terms
(m=3.44), showed a rather low number of fixations. A similar result was observed
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Figure 6.6: Areas of interest for the given seed document.

with respect to the dwell time. The participants spent the most time on inspecting
the list of references (m=57.59s) and the recommendations (m=4.0s). However, it
should be noted that citations and references were both displayed in a separate tab-
view within Sowiport. Therefore, these two AOI were measured separately. One
obvious reason for the increased dwell time and the high number of fixations for
the references is the large size of this AOI comprising a total of 70 references.

Along with the gaze data, Table 6.2 additionally contains the total usage frequen-
cies of the possible search activities. A comparison of the gaze data (columns four
and five) and the actual search activity usage (see column six) indicates minor dif-
ferences between the two groups. A noticeable difference, however, can be found
for the journal. Although a journal run was employed by none of the participants,
the number of fixations and the dwell time indicate a comparably intense exami-
nation which is even higher than the most frequently applied stratagem (keywords).

A possible explanation for this can be found in the qualitative answers from the
post-questionnaire. Being asked, why they looked at descriptive metadata, but did
not utilise it, several participants stated that metadata like authors, keywords, and
classification terms are general information that is important for getting to know a
document, regardless of their utilisation during the search session. Concerning the
journal, as stated before, the majority of the participants explained that the seed
documents journal was too general to be useful for the search.
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Table 6.2: Number of fixations and dwell time on AOI in the seed document.

Type Search Activity N Mean no.
of fixations

Mean dwell
time (s)

Utilised
by

Stratagem Keywords 16 4.50 1.38 7
Classifications 18 3.44 0.99 1
Journal 18 5.44 1.74 0
Authors 29 5.68 1.58 1
Citations 10 12.20 3.34 7
References 13 178.76 57.59 6

Other Recommendations 14 12.57 4.0 5
Search 9 5.11 1.16 5
Title 26 4.96 1.21 -

6.2.3 Diversity in Participants

The user study was made up of two groups of participants: students and postdoc-
toral researchers, both from the social sciences. The advantage of having a distinct
set of experiences among the participants is that it enables one to look for differ-
ences in their information-seeking behaviour.
The results of the comparison between the students and the postdoctoral researches
regarding all aspects of this study are displayed in Table 6.3.

In the columns two and three, one can see the mean dwell time (in seconds) that
the participants spent on a specific AOI with respect to each of the two groups. The
columns four and five represent a comparison of the two groups with respect to the
mean number of fixations per AOI.
Overall, one can observe a general tendency towards a more intense focus on the
AOI by the group of postdoctoral researchers. With the exception of citations and
keywords, participants having a Ph.D. spent more time on the defined AOI and
fixated these more often in comparison to the students. Differences between the
two groups could be found in the AOI journal. The postdoctoral researchers spent
noticeably more time on the journal AOI and fixated it more often than the group
of students. The last two columns illustrate a comparison between the students
and the postdoctoral researches regarding their usage of stratagems, queries, and
recommendation. Postdoctoral researchers performed 128 search activities in total
of which keywords (35) and queries (33) were the most frequent. Students, on the
other hand, performed fewer search activities (120) most frequently in the form of
queries searches (36) and by using recommendations (24), while a journal run was
utilised by none of the students.
The most noticeable difference between the two groups was found for keyword
searches which were utilised 15 times by the students and 35 times by postdoc-
toral researchers. Some of the participants indicated that prior knowledge and
experience play a vital role when deciding for a certain search activity. If the
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Table 6.3: Comparison of students and postdoctoral researchers with respect to
search activities, number of fixations, and dwell time on AOI in the seed document.

Avg. Dwell Time (s) Avg. Fixations Usage Freq.
AOI Students Postdocs Students Postdocs Students Postdocs
Authors 1.05 2.01 4.92 6.31 9 16
Journal 0.63 2.85 2.55 8.33 0 4
Classifications 0.70 1.27 2.88 4 2 3
Citations 3.65 3.03 14 10.4 17 9
References 38.00 69.83 116.4 217.7 17 10
Keywords 1.27 1.45 5.33 4 15 35
Rec. 2.31 7.14 7.7 21.2 24 18
Queries 0.97 1.55 4.83 5.66 36 33
Title 0.90 1.57 4 6.08 - -

participants surmised or knew that an author focused on the topic of interest, they
will be likely to perform an author run. This could be one possible explanation
for the more frequent usage of an author run within the group of postdoctoral re-
searchers which is assumed to be more experienced than the group of students.
Although differences in search behaviour between the two groups of participants
were found, none of the results was of statistical significance, according to a non-
parametric Mann-Whitney U-Test, and a Bonferroni corrected significance level of
p∗ = 0.0056, number of hypotheses tested m = 9.

6.2.4 Organising Journal Articles

During the online survey, the respondents were given a task on organising journal
content (see Section 5.2.5). This task was repeated with the 32 participants of the
user study, in order to collect more impressions on the potential usefulness of the
contextualised browsing approach. As a brief recap: In accordance with the on-
line survey, each participant was introduced with the scenario displayed in Figure
5.5, where they were looking for relevant material in a journal named Addiction.
Alongside the scenario, six ranking options were presented. Four of the six options
(issue date, title, author, and citation count) were well known and widely imple-
mented in DLs. The two remaining options were contextualising the ranking of the
articles from that journal. One option ranked the articles by the previously entered
query term, and the other option ranked the articles by similarity to the current
relevant article the user was examining. The results of this task are displayed in
Figure 6.7.36 The results of this second experiment on organising journal articles
are in line with the observations made in the online survey. Both contextualised

36A tabular representation can be found in the Appendix A.4.
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Figure 6.7: Task on organising journal articles in the post-questionnaire of the user
study. Values ranging from the lowest rank (6) to highest rank (1).

ranking options (denoted as Query and Similarity) clearly outperformed the non-
contextualised ranking variants. A ranking based on the previously entered query
terms (m=1.81) is again ranked higher by the participants than the ranking based
on document similarity (m=2.47). The results of this experiment again strengthen
the hypothesis of the present contextualised stratagem browsing approach.

6.2.5 Post-Questionnaire

During the post-questionnaire, the participants were asked several questions con-
cerning the user study, such as the difficulty of the task and the difficulty in find-
ing relevant documents using five-point Likert scales ranging from (very easy=1
to very difficult=5). Overall the participants considered the task as rather easy
(m=2.59) and had only little difficulty (m=2.38) in finding relevant documents.
Considerable diversity was observed regarding the number of retrieved relevant
documents, which is displayed in Figure 6.8. On average, the participants retrieved
13.71 relevant documents ranging from 4 up to 41 retrieved documents.
One possible explanation for this rather huge disparity might lie in the description
of the task itself. The participants were not provided with any guidelines that
helped to determine relevance and were not given any information on the number of
documents to retrieve. This is also reflected in the individual responses regarding
their impression on difficult aspects of the task. Several participants responded that
it is difficult to asses the relevance of a certain document, as many were unfamiliar
with the given topic. Another frequent response was that they were unfamiliar with
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Figure 6.8: Distribution of retrieved relevant documents per participant of the user
study.

Sowiport, which made the task difficult for the participants.
Nevertheless, the number of retrieved relevant documents was not part of the inves-
tigation, which in fact was focusing on observing the participants without incorpo-
rating any aspects regarding the performance of search activities or the quality of
retrieved documents.

6.3 Conclusion

First and foremost, the user study presented in this section continued and enriched
the findings of the online survey and provided more thorough insights into the
search behaviour of social scientists in Digital Libraries. From a purely quantify-
ing point of view, it was found that the participants strongly relied on stratagems
(137 times) even more frequently than on query searches and recommendations
(111 times). A strong reliance on stratagems was particularly visible for the initial
search activities (Step 1). At this point, nearly 70% of all searches were stratagem-
based.

Certain stratagem variants, for example, the journal run, were employed only a
few times throughout the study. Thus, it may appear that those kind of searches are
not applicable for certain search tasks, such as looking for related documents to a
given seed. By analysing gaze data, the purely frequency-based observations were
enriched, in order to identify a potentially perceived relevance. This additional
level of studying the participants’ search behaviour showed that although certain
stratagems were rarely employed (e.g. the journal run), they do get considered
by the participants. Thus, it can be concluded that the relevance of a stratagem
can not be determined solely from studying its usage frequency. Other factors that
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contribute to the decision whether to employ or reject a stratagem can be found
in the post-questionnaire, which provided extraordinary valuable knowledge about
stratagems and hence, is a key feature of the present user study.
The reason for the very limited usage of the journal run, for example, was a topi-
cal broadness that was not focused enough to find something related. This topical
broadness was already mentioned as a downside in the online survey and was visi-
ble throughout the entire user study.
At the end of the user study, the participants were given the task on organising jour-
nal articles analogously to the online survey. The results of this task again clearly
showed that contextual ranking features are considered as better suited in compar-
ison to the traditional ranking features.

The identified topical broadness, along with the re-assessment of ranking journal
articles are strong indicators for a need for contextualised browsing. An implemen-
tation and evaluation of such a contextualised browsing approach is the main goal
of the present thesis and is presented in the upcoming section.

Further readings

The results presented in this section have been published in Carevic et al. (2018a).
The published paper contains further investigations, such as a graph representation
of search behaviour. These findings are not included in this work, as they are not
directly related to the research questions of this thesis. In addition, the results of
this user study complemented further research on the origin of search terms during
retrieval sessions. The findings of this analysis can be found in Hienert & Lusky
(2017).
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Implementing Contextualised
Browsing in Digital Libraries

The online survey and the user study provided valuable insights about stratagems
and their usefulness during information seeking. While in general, the respon-
dents and the participants considered those kinds of search activities as useful, one
could identify a common downside in their operationalisation. The so-called top-
ical broadness resulting from stratagem browsing was identified as a key factor
that influences the decisions on whether or not a stratagem is utilised. A strata-
gem that presumably covers a very broad topic is less likely to be employed by
the users. Contextualisation has the potential to overcome topical broadness by
tailoring search results towards the users’ search interests.
Another indicator for a potential benefit of contextualisation was derived from the
task on organising journal articles. The participants were given a task on organising
journal articles based on six predefined ranking options: four well-known ranking
options and two contextualised ranking options. The results of this task showed
that the participants of both studies favoured the contextualised variants substan-
tially.

On the basis of these observations, the two contextualised ranking options, that
were presented to the participants of the survey and the user study, have been imple-
mented in Sowiport. One variant is based on document similarity, and one variant
is based on the users’ interaction context. This section describes the implementa-
tion of these two approaches in detail. Additionally, the non-contextual baseline of
Sowiport is presented.
The effectiveness of the contextual variants described here was evaluated in
Sowiport. The results of the evaluation are presented in Section 8.

7.1 Notation and Constraints

To understand the details behind the implementation of contextualised stratagem
browsing, it is necessary to define the key concepts and the basic notation followed
in this section.
A central component during contextualised browsing is the seed document. From
a set of documents D = {d1, · · · , dn}, the seed document ds is defined as the
document currently opened and examined by a user.
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A seed document contains a set of potential browsing options referred to as
StratagemAct, which are defined as follows:

StratagemAct(ds) = {Keywordsds , Authorsds , Classificationsds ,

Journalds}.
(7.1)

Keywordsds = {k1, · · · , kj} is a set of keywords, Authorsds = {a1, · · · , ak}
is a set of authors, Classificationsds = {c1, · · · , ck} is a set of classifications
in ds, and Journalds is the journal in which the seed document ds was published
in. On the user interface of Sowiport these browsing options are represented by the
descriptive metadata of the seed document (see Section 4.4.3).

Stratagem browsing in Sowiport operates on the basis of a filter query fq, which
is defined as a tuple (q, ft) consisting of a query q and a field type ft. For a given
seed document ds, q ∈ StratagemAct(ds) and ft ∈ {keyword, classification,
journal, author}.

Due to the heterogeneity of the documents in Sowiport, one can not ensure that
every document contains each of the different sets given in StratagemAct(ds). A
document might, for instance, only cover a set of Keywordsds . Hence, situations
occur in which not all browsing options are available to a user.

Although the empirical results presented in Section 5 and Section 6 showed that ci-
tations and references are valuable search activities, they are not contextualised and
thus, not part of the upcoming experiment. The reasons for excluding these from
the implementation were two-fold: 1) citations and references are only contained in
a comparably small amount of documents in Sowiport, 2) citations and references
resolve to an associated record instead of a result list, and thus, a contextualisation
is not reasonable in this experiment.

7.2 Non-contextual Baseline Ranking

In order to compare the performance of the two contextualisation approaches, the
default implementation of stratagem browsing in Sowiport is employed as a base-
line. The ranking of the baseline does not take previous interactions of the user
into account and is thus, denoted as non-contextualised.

The default ranking of Sowiport during stratagem browsing is based on a filter
query expansion which can be formalised as follows:

DR : Qf ×D → RL (7.2)

Equation 7.2 denotes the default ranking function DR that takes an expanded filter
query Qf , searches in the set of documents D, and returns a ranked list of doc-
uments RL. In order to determine Qf , a query expansion function is employed
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which takes the initial filter query fq (selected by the user) as input and expands it
on two levels: 1) it expands the initial query q and 2) it expands the field type ft.

• Query Expansion:
On this level, the query q contained in fq is expanded with synonyms and
different translations. The basis for this expansion is provided by Sowiports
heterogeneity service (HTS see Section 4.4.1). The core principle of the
HTS is to support cross-concordance searches that determine equivalence,
hierarchy, and association relations between terms (Hienert et al., 2015a).37

• Fielded Expansion
In contrast to the filter query expansion, the fielded expansion aims to broaden
the field type (ft). Assuming a user has selected a keyword kj from a seed
document for browsing and hence, ft = keyword. The intuitive choice
would now be a fielded search for all documents D where
kj in KeywordsDn. Instead, the fielded expansion extends the filter type
keyword to related fields. The actual scoring which determines the rank of
the documents in the result set is then provided by boosting the results based
on the contained field type. The order in which the boosting is performed
is predefined by Sowiport following the assumption that certain fields are of
greater relevance than others (e.g. keywords > free_keywords).

A simplified example query for the default ranking is displayed in Listing 7.1.

1 q => keyword:(("violence" OR "Gewalt")^400 OR
2 keyword_free:(("violence" OR "Gewalt"))^250

Listing 7.1: Example query for the default ranking.

In the example above, a user has selected the keyword violence for stratagem
browsing. One can see that the baseline approach not only performs a Boolean
query on the keyword level, but instead the query and the field type are expanded.
First, q = violence is translated into the German word "Gewalt" (line 1), which
is the result of the query expansion. The fielded expansion then extends ft =
keyword to related fields, like in this case, the metadata field "keyword_free" (line
2), which is an alternative and less formal descriptor for keywords.

The ranking of the retrieved documents is based on TF ∗ IDF , whereby the
weighting of the fields is taken into account. Line one of the example query shows
that the field type keyword is boosted by a higher factor (boost = 400) compared
to the field type keywords_free (boost = 250) in line two.
The prioritisation and hence, the boosting factors are part of the Sowiport configu-
ration. This configuration is not only used on the level of stratagem browsing but
also for regular query searches and has been in productive use for several years.

37For a more comprehensive description of the HTS, one can refer to Hienert et al. (2015a); Mayr
& Petras (2008).
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Figure 7.1: Similarity-based contextualisation based on one seed document.

Thus, the boosting factors were not adjusted for the upcoming experiment.

It was decided to utilise the described Sowiport default ranking as a baseline,
although an out-of-the-box VuFind-Solr configuration, which performs a simple
Boolean filter without query expansion, would have decreased the complexity and
would have allowed a better reproducibility of the results. The main reason for
the decision to use Sowiport’s implementation is to compare the contextualisation
approach to a realistic real-life DL ranking which also serves as a strong and es-
tablished baseline.

7.3 Contextualisation based on Document Similarity

In this approach, a re-ranking of the result list is performed, which is based on the
similarity of each document in the result set compared to the seed document.

The basic concept of the similarity-based approach is displayed in Figure 7.1. The
figure describes a situation in which a user is inspecting a certain document, rep-
resented by the seed document Ds. This is depicted by the dimension "Present" in
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Figure 7.1. Potential upcoming search activities are available in the form of strata-
gems which, when employed, lead to corresponding result lists. This is depicted
by the dimension "Future" in Figure 7.1.
When employing the similarity-based contextualisation, the documents at the right-
hand side are re-ranked according to their similarity to the seed document. For-
mally this approach is described as follows:

SR : Qf ×D ×Ds → RLS (7.3)

The ranking function SR is an extension to the default ranking DR in Section
7.2. The similarity-based ranking function (SR) uses the expanded filter query Qf

following Equation 7.2. Furthermore, SR employs the seed document (Ds) as an
additional parameter to determine a ranked list of documents RLS .

During the first step, the documents are ranked correspondingly to the default rank-
ing. However, instead of only boosting documents based on field types (ft) that
contain the query q, the ranking is extended by a similarity score of each document
compared to the seed document. To determine the similarity score of each doc-
ument compared to the seed document, the MoreLikeThis (MLT) query parser38

built-in SOLR is utilised. Usually, this function is employed to provide related
documents to a given seed document. Thus, the origins of this approach are bor-
rowed from the field of recommender systems which are a part of Sowiport as well.

An example query for the re-ranking based on document similarity is provided in
Listing 7.2.

1 q => {!mlt}DocID
2 keyword:((violence OR "Gewalt")^400 OR
3 keyword_free:((violence OR "Gewalt"))^250
4 qf=authors,keywords,journal,abstract

Listing 7.2: Example query for the re-ranking based on document similarity.

One can see that the query is based on the default ranking described in Section 7.2
(lines two and three), but additionally, the MLT query parser is supplemented in
line one. The seed document is specified by the DocID parameter.

38http://archive.apache.org/dist/lucene/solr/ref-guide/apache-
solr-ref-guide-5.3.pdf, last accessed April 15th, 2020.

http://archive.apache.org/dist/lucene/solr/ref-guide/apache-solr-ref-guide-5.3.pdf
http://archive.apache.org/dist/lucene/solr/ref-guide/apache-solr-ref-guide-5.3.pdf
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In order to compute the similarity of each document to the seed document, the
following list of attributes is used:

• Author names

• Keywords

• Journal Information

• Abstract (in different languages, if available)

Each of these attributes is specified in the qf parameter displayed in line four of
Listing 7.2.

In most cases, the top-ranked document in the result list is equal to the seed doc-
ument as it usually produces the highest similarity score. The similarity-based
approach was part of a pretest phase in which Sowiport users were assigned either
to the default baseline or to the similarity-based variant during stratagem brows-
ing. During this phase, a high click-through rate on the previously encountered
seed document contained in the result list was observed. It is assumed that the
users confused this document with a newly discovered one and thus, were biased
towards inspecting the same document again. To prevent a potential click bias to-
wards the previously inspected document, the seed document was excluded from
the result set (d 6= ds).

7.4 Contextualisation based on Interaction Context

In this approach, the re-ranking is performed based on the user’s interaction con-
text, which is derived from a set of actions the user has performed prior to the
encounter of the seed document. The basic concept of this approach is illustrated
in Figure 7.2. One can see that an additional dimension (past) is introduced. The
depicted example describes the interactions of a user seeking information on the
topic "violence and sports". After entering the first query, "violence", the user in-
spects two documents and subsequently refines the query to "violence and sports".
The seed document is selected from the corresponding result set. The knowledge
about the user’s previous interactions defines the interaction context, which is em-
ployed for the re-ranking of stratagem browsing content. Formally, this approach
is described as follows:

CR : Qf ×D × Uc → RLC (7.4)

where

Uc = {Keywords(U), Classifications(U), Queries(U)}.

The ranking function CR is again an extension to the default ranking DR. The
function CR takes the filter query (Qf ), the user’s interaction context (Uc), and the
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Query: violence

Query: violence and sports
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Figure 7.2: Contextualisation based on the interaction context.

set of documents D as input to produce a ranked list of documents RLC .

Again, the first step is to filter all documents corresponding to the default ranking,
which for a given filter query fq creates an expanded query representationQf . The
re-ranking is then performed by boosting the filtered documents on the basis of the
user’s interaction context (Uc) which consists of the

• Keywords,

• Classifications,

• and Queries

that a user U has encountered/submitted.

The keyword and classification features are derived from two sources: 1) each key-
word and classification is considered that was contained in the list of documents the
user has seen, 2) each keyword and classification is considered that was contained
in documents within a result set.
In the next step, both resulting sets of keywords and classifications are ordered ac-
cording to the number of their occurrences. For example, if a certain keyword has
appeared four times in the list of viewed documents and five times in documents
within the result list, the number of occurrences for that particular keyword is nine.

In order to reduce noise, the number of keywords and classifications is reduced to
the top three for each of the two features. This limitation is necessary because the
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number of documents a user encounters could potentially be very high and thus,
result in an excessive representation of numerous different keywords and classifi-
cations within the interaction context which is not beneficial.
In the final step, the frequencies of the top three keywords and classifications are
normalised according to Equation 7.5.

t∑
i=1

Kinorm =
Kifreq

Kmax
,

t∑
i=1

Cinorm =
Cifreq

Cmax
(7.5)

First, for each feature (keywords and classification), the most frequent term Kmax
and Cmax is determined. The normalised frequency of a feature Kinorm and Cinorm

is then computed as the ratio between the frequency of a feature Kifreq and the
maximum frequency Kimax . The parameter t denotes the threshold (t = 3).
Regarding the queries, no threshold was applied as it is assumed that all queries are
equally important to describe the user’s information need and do not contain any
noise. An example interaction context could be described as shown in Listing 7.3:

1 {"query":"violence sports","rank":1},
2 {"keyword":"Football","rank":1},
3 {"keyword":"Radicalism","rank":0.5},
4 {"keyword":"Ethnic Conflict","rank":0.5},
5 {"classification":"Political Sociology","rank":1},
6 {"classification":"Decision Making","rank":0.66},
7 {"classification":"Sociology","rank":0.66}}

Listing 7.3: Example interaction context.

In the example displayed in Listing 7.3, the user has submitted the query violence
sports. The keywords and classifications (line 2 to line 7) are derived from those
documents that were contained in the corresponding result set and from documents
that a user has clicked (viewed). Furthermore, each keyword and classification
is ranked according to its normalised frequency. It may happen that an overall
frequency of 1 is determined for all features. According to Equation 7.5, this results
in a rank of 1 for each keyword and classification. This is usually the case when
a user enters Sowiport from a web search engine and navigates immediately to the
detailed view of a document. In this case, each keyword and classification from the
seed document is used for the interaction context.
The information covered in the interaction context can now be used to re-rank re-
sult lists coming from stratagem browsing. This is performed by boosting the score
of documents that share attributes contained in the interaction context. The boost-
ing of documents is performed in the following order: by the entered query terms,
the keywords, and the classifications each multiplied by their normalised rank (see
Listing 7.3).
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An example query used for the re-ranking based on the interaction context is dis-
played in Listing 7.4. The interaction context in this example is derived from the
example in Listing 7.3.

The first part of the query is based on the default ranking DR (lines two and three)
which is extended by a boosting parameter bq. In line 5, it can be seen that the
previously entered query term violence sports is matched against the title field,
which is also the metadata field with the highest boosting value. In lines six to
eight, documents are boosted that contain the most frequent keywords in the inter-
action context. It can be seen that each keyword is boosted with a decreasing factor
which is depending on the keywords’ frequency in the interaction context. In lines
9 to 11, those documents are boosted that contain the classification terms from the
interaction context.

1 q =>
2 keyword:((violence OR "Gewalt")^400 OR
3 keyword_free:((violence OR "Gewalt"))^250
4 [bq]=
5 (title:violence sports^1700) OR
6 (keyword:Football^1200 OR
7 keyword:Radicalism^600 OR
8 keyword:Ethnic Conflict^600) OR
9 (classification:Political Sociology^800 OR

10 classification:Decision Making^530 OR
11 classification:Sociology^530 )

Listing 7.4: Example query for the re-ranking based on the interaction context.

7.5 Conclusion

The present section has introduced the implementation details behind two contex-
tualised browsing variants together with a non-contextualised baseline that repre-
sents the default behaviour during stratagem browsing in Sowiport. Both described
contextualisation variants were developed using well-established methods that are
present in many modern Digital Libraries. This allows developers the incorporation
of the described methods in their own DL with reasonable effort.
In the upcoming section, the effectiveness of these two approaches is evaluated and
compared to the non-contextualised baseline of Sowiport.
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Evaluation of Contextualised
Browsing

The previous section has outlined the implementation details of the two contextu-
alisation approaches and the non-contextual baseline. The present section is dedi-
cated to the evaluation of these.
One of the major challenges in the evaluation of contextualisation approaches, in
fact, of nearly any interactive system, is that large scale log data is usually hard to
obtain. For this reason, the contextualisation approaches presented in the previous
section were evaluated using the real-life Digital Library (DL) Sowiport, which
was described in detail in Section 4.4. An A/B/C-testing was designed to compare
the two contextual stratagem browsing variants against Sowiports’ non-contextual
baseline.

The study presented in this section is dedicated towards answering the following
research question:

RQ: Can the effectiveness of exploratory search on the level of browsing be
improved by employing contextual ranking features in comparison to a non-
contextual ranking feature?

The goal of this experiment is to obtain information about the effectiveness of
contextualised browsing. The methods employed to determine the effectiveness
are described in the following section.
The present section is an extended version of Carevic et al. (2018b) that has been
published at the Joint Conference on Digital Libraries.

8.1 Evaluation Metrics

The experiment was running between 12th September 2017 and 20th December
2017. Following an A/B/C setting, each user was randomly assigned to one ap-
proach when visiting Sowiport. The assignment was carried out with an equal
probability for each variant (P = 1

3 ).

In order to measure the effectiveness of each variant, the following three measures
were employed: 1) the click-through rate, 2) mean first relevant (MFR), and 3) the
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usefulness as an implicit indicator for relevance. The click-through rate represents
the number of record views per ranking variant. The last two measures are briefly
introduced in the next two sections.

8.1.1 Mean First Relevant

The primary feature to determine the effectiveness of contextual stratagem brows-
ing is to measure the rank of a clicked document in a result set. The results sets are,
in this case, limited to those originating from stratagem browsing. Many Sowiport
users only click on a single record in the result set, and thus, it was decided to use
the rank position of the first clicked document, denoted as first relevant (FR), as a
quality criterion. The most obvious metric to be used for this case would be the
mean reciprocal rank (Kantor & Voorhees, 2000). But it has been argued by Fuhr
(2018) that this metric is not on an interval scale, and thus the mean cannot be
applied. Instead, for this experiment, the proposed alternative mean first relevant
(MFR) is used. MFR takes the rank position of the first relevant document in a
result set and computes the arithmetic mean for all result sets that were generated
using stratagem browsing. This measure is proportional to the effort a user has to
invest in finding the first relevant document in a result list. Correspondingly, an
MFR value of x represents the x-fold effort in comparison to the ideal value of 1
(Fuhr, 2018). Hence, lower MFR values indicate better performance than higher
values.

A detailed example of the MFR measure could be as follows. Suppose, there are
two sessions U1 and U2, each representing an individual user U. The first user
performs a journal run, and in the corresponding result set, he/she clicks on the
document at rank 10 first and then scrolls back to the top of the result list and clicks
at the documents at rank 3 and 7. Thus, the sequence of clicked documents in that
particular result set is: U1 = {10, 3, 7}. The first relevant document clicked is un-
derlined. The second user performs an author search and clicks on the documents
at rank 2, 8, and 9, which results in the following sequence of clicked documents:
U2 = {2, 8, 9}.
In order to compute the MFR, only the first clicked record (first relevant) during
stratagem browsing is taken into account. Thus, the MFR of these two sessions
is computed as the sum of the first clicked document for each stratagem browsing
(FRU1 = 10 and FRU2 = 2), which is then divided by the total number of stratagem
browsing interactions (N=2).

8.1.2 Mean First Relevant at 20

Given that the number of documents in a result set varies, it may happen that a
result set only contains a small number of documents. Typical examples are the
search for other documents of a certain author or the search for a highly specific
keyword. In these cases, the MFR is usually rather low, which is a consequence
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Table 8.1: List of implicit relevance signals indicating usefulness.

Short Description
Add to favourites Bookmark a single or multiple records to favourites
GoTo Google Scholar Search a record in Google Scholar
GoTo Google Books Search a record in Google Books
GoTo Fulltext View the full text of the record
Check availability Check availability in the local library
Export Export a record in different citation styles or via e-mail

of having only a few documents in the result set and thus, might bias the results.
Therefore, the MFR is additionally measured for all result sets that contain at least
20 documents. This is the default number of documents contained on the first result
page in Sowiport. This is reported as the MFR ≥20.
As an additional restriction, a first relevant value is only considered if the clicked
document was contained within the first two pages of a result set
(first relevant ≤40), in order to exclude potential outliers that may distort the re-
sults when measuring the MFR. Situations in which stratagem browsing did not
lead to any document click were not taking into account. Hence, the MFR and
MFR ≥20 values only represent positive interactions with a result set. Adopting
the measures by penalising stratagem browsing interactions that did not lead to a
document click would also be a reasonable alternative.

8.1.3 Usefulness of Stratagem Browsing

Several session-related features, like the number of interactions, the number of
document views, and the total duration of an individual session, were measured.
However, session-related measures are primarily of descriptive nature and not suit-
able to provide conclusive insights into the benefits of each variant. By determin-
ing the session-related features mentioned above, it is not possible to tell whether
a document was of relevance to the user or not. In fact, missing information about
relevance is a prevalent problem in many studies that aim to evaluate a certain fea-
ture using transaction-log data.

In order to overcome this problem, a measure called usefulness was applied, which
was previously described by Hienert & Mutschke (2016). The idea of this approach
is to identify a set of interaction signals which are quantified, in order to approx-
imate the success of a search session. For instance, if a user bookmarks a certain
document one can consider that this document was of relevance to the user, which
is contributing to the overall success of a session.
The ideas of the usefulness measure are similar to the principles of implicit rel-
evance feedback. The main difference is that implicit relevance feedback is em-
ployed to estimate the users’ search interests to improve future queries (see Section
3.2.2). Usefulness, on the other hand, is understood as a measure to determine the
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effectiveness of a (interactive) feature. For a detailed analysis of usefulness, one
can refer to Hienert & Mutschke (2016). The list of implicit relevance signals that
were considered to measure usefulness is displayed in Table 8.1.

The usefulness was measured by quantifying the number of implicit relevance sig-
nals in the log file subsequently to a stratagem browsing action. This was per-
formed on two levels:

• Local usefulness
The local usefulness is the sum of implicit relevance signals on documents
that were contained in the result sets immediately after stratagem browsing.
For a visual example of implicit relevance feedback on a result set, see the
right box in Figure 4.6 (b).

• Global usefulness
The global usefulness represents the total number of implicit relevance sig-
nals contained in the entire session after the first employment of stratagem
browsing.

The local usefulness is employed to determine the "immediate" implicit relevance
of a document in a result set after stratagem browsing.
The global usefulness, on the other hand, measures the usefulness of stratagem
browsing across the entire session. Consider the following example: a user clicks
on the button "add to favourites" immediately after stratagem browsing. This ac-
tion is considered to be a strong indicator for the usefulness of that particular doc-
ument and thus, for the usefulness of the stratagem. This contributes to the local
usefulness. The global usefulness, on the other hand, denotes the sum of implicit
relevance signals across the entire session and is thus, an indicator for the success
of the session in general.

It is important to notice that the interface was not modified for this study. Instead,
only a re-ranking of the result lists from stratagem browsing is performed. Thus,
users are still able to use features like facets to narrow down the search results or
apply a filter to determine a subset of the result list based, for instance, on the year
of publication. This is displayed in the left box of Figure 4.6 (b). The disadvantage
of not modifying the user interface is that the user is not aware of the applied
ranking. This downside is discussed in more detail in Section 9.3.

8.2 Results of the Transaction-Log Study

In total, 607,109 sessions were analysed during the study. Each session was studied
anonymously, and only a session-id was used to identify and aggregate interaction
data without referring to potential individual user data.
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Figure 8.1: Descriptive statistics for the period of the study.

Descriptive statistics on the overall usage of stratagems can be found in Figure
8.1.39

During the experiment, all three approaches (A=Baseline, B=Similarity, and
C=Interaction Context) were nearly equally distributed among the users. This is
displayed in Figure 8.1 (a). Users conducted stratagem browsing 77,036 times.
Figure 8.1 (d) illustrates the mean dwell time starting from the first usage of a
stratagem until the end of the session. When looking at the dwell time, numerous
outliers were identified. Therefore, all sessions that exceeded a dwell time of more
than 20 minutes were excluded. On average, users continued their search for 2.1
minutes after the first stratagem usage. All three approaches show a similar dwell
time. Users that were assigned approach A or C continued their search for 123
seconds while approach B was continued for 134 seconds. Figure 8.1 (c) displays
the average number of interactions for all sessions containing stratagem browsing.
It can be seen that the number of interactions does not differ substantially between
the three approaches.

So far, the descriptive statistics show no substantial difference between the three
variants. However, in Figure 8.1 (b), the number of document views resulting
from stratagem browsing is displayed. This observation clearly showed a disparity
between the variants. Both contextualised approaches have a considerably higher

39A tabular representation can be found in the Appendix A.5.
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Table 8.2: MFR and MFR≥20 values for all three ranking variants.

Approach MFR SD MFR≥20 SD
(A) Baseline 4.66 (N=1078) 6.45 6.47 (N=607) 7.74
(B) Similarity 3.10* (N=1999) 4.41 3.39* (N=1528) 4.81
(C) Interaction context 3.62* (N=1571) 4.74 4.30* (N=1097) 5.33

number of document views resulting from stratagem browsing in comparison to
the non-contextualised baseline. Considering the baseline, only 1,985 documents
were viewed while the contextualisation based on similarity received more than
3,200 document views. The contextualisation based on the interaction context also
clearly outperforms the baseline with 2,627 document views. This tendency is also
reflected in the click-through rates, which are a part of the upcoming section.

8.2.1 Mean First Relevant

To determine the effectiveness of the contextual ranking variants in comparison to
the non-contextualised baseline, the mean first relevant metric (MFR), as described
in Section 8.1, is utilised.

In Table 8.2, the MFR and MFR≥20 values for all sessions are displayed. The
contextualisation based on similarity to the seed document performed best with an
MFR value of 3.10. The contextualisation based on the interaction context received
an MFR value of 3.62, while the non-contextualised ranking performed the worst
with an MFR value of 4.66.
Besides the better results in terms of MFR, one can observe a higher click-through
rate (denoted as N) for both contextualised variants. For the contextualisation based
on similarity (B), nearly twice as many first relevant clicks (N=1999) could be ob-
served compared to the baseline (A) which received only 1078 first relevant clicks.
The contextualisation based on the interaction context (C) also clearly outperforms
the baseline with 1,571 first relevant clicks.

Due to skewed data, a non-parametric Mann-Whitney U-Test was utilised, to test
for significant differences in the results with a Bonferroni corrected p∗ = 0.016.
It was discovered that both contextualised ranking variants significantly outper-
form the non-contextualised baseline with A > B, p∗ = 0.001, r = 0.13 and
A > C, p∗ = 0.014, r = 0.04. Furthermore, the contextualisation based on
similarity significantly outperforms the variant using the interaction context with
C > B, p∗ = 0.001, r = 0.04.

Users of Sowiport may encounter result set sizes of varying lengths with only a
few records or up too many thousands of records. Thus, in addition, the MFR≥20
measure is applied to all result sets that contain at least 20 documents. These val-
ues are displayed in column four of Table 8.2.
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Overall, the MFR≥20 values for all three approaches increased. The strongest im-
pact can be observed for the non-contextualised approach, whose MFR increased
from 4.66 to 6.47 (+1.81). The MFR values of the contextual variants increased
moderately from 3.10 to 3.39 (+0.29) for the similarity variant and from 3.62 to
4.30 (+0.68) for the variant using the interaction context. Thus, the general ten-
dency of a better performance for the contextualised variants remains the same.
The contextualisation based on document similarity still performs best, and both
contextualisation approaches still outperform the baseline significantly. The gap
between the non-contextual baseline and the contextual approaches, however, in-
creased substantially.

8.2.2 Mean First Relevant by History Size

The efficiency of the interaction context variant (C) strongly depends on how rich
the interaction of the user was prior to the employment of stratagem browsing.
Consequently, a contextualisation based on the interaction context suffers from a
cold start problem that applies to users who just entered Sowiport with only a few
or even no interaction prior to stratagem browsing.

Therefore, the MFR for different history sizes was determined to evaluate whether
the employment of stratagem browsing later on in a session has any influence on
the performance of the three variants. History sizes in this analysis are understood
as the number of interactions prior to stratagem browsing. Three sets of history
sizes were defined: MFR H ∈ [2, 5] accounts for stratagem browsing with two to
five interactions prior stratagem browsing. Likewise, an MFR H ∈ [6, 10] repre-
sents stratagem browsing with six to ten interactions prior stratagem browsing, and
an MFR H ∈ [11,∞] accounts for 11 and more interactions. In Figure 8.2, the
MFR values for the three different history sizes are illustrated.40

The results in Figure 8.2 show that with a growing history size, the MFR values
of all three approaches increased. Looking at the non-contextualised approach, the
MFR at the early stages of the session is 4.52, while increasing to 5.06 after a
history size > 5. For sessions with a history size H ∈ [11,∞], the MFR for all
approaches further increases (A=5.49, B=3.59, C=3.80).
The differences between the MFR values are most notably by looking at the actual
increase between the different history sizes. For a history size of H ∈ [11,∞],
the MFR values of the baseline increased by 0.97 compared to a history size of
H ∈ [2, 5], while the contextualisation based on document similarity increased by
0.55.

An interesting effect of this analysis can be found for the contextualisation using
40A tabular representation can be found in the Appendix A.6.
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Figure 8.2: Mean first relevant for history sizes of H ∈ [2, 5], H ∈ [6, 10] and
H ∈ [11,∞].

the interaction context. The variant employing the interaction context was least
affected by the larger history sizes and increased only by 0.22. In general, one
can observe that with an increased history size, the performance gap between the
similarity variant and the interaction context is reduced notably. While this is no
evidence for an overcoming of the cold start problem, it certainly has an impact on
the effectiveness of the approach and serves as an indicator for an effect of the cold
start problem.
Unfortunately, the number of sessions with a history size of H ∈ [11,∞] is com-
parably low, with only 487 sessions. Having a larger sample size would improve
the reliability of these observations and might even lead to a better overall per-
formance of the interaction context approach in comparison to the variant using
document similarity.

8.2.3 Usefulness of the Contextualisation

To determine the usefulness of the contextualisation in comparison to the base-
line, implicit relevance signals, which can be found in Table 8.1, were employed.
In particular, the usefulness is determined by identifying the number of implicit
relevance signals in the log file after the first usage of a stratagem on two lev-
els: a) the local usefulness b) the global usefulness (see Section 8.1). To exclude
outliers from this experiment, only those sessions were considered that contain
a total of ≤ 10 implicit relevance signals.
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Figure 8.3: The local and global usefulness of the three ranking variants.

Figure 8.3 illustrates the results of this experiment.41 Regarding the number of lo-
cal usefulness signals which are displayed on the left side of the figure, one can ob-
serve that the contextual ranking variants again outperform the non-contextualised
baseline. The similarity approached achieved the highest local usefulness (B=628),
while the interaction context achieved C=334 relevance signals. Again, the non-
contextualised baseline performed worst (A=232).
Regarding the global usefulness, displayed on the right side of the figure, the re-
sults show only marginal differences between the contextual approaches and the
non-contextual baseline. The similarity approach again performs best with 5,684
implicit relevance signals in total after the first usage of a stratagem search. How-
ever, the results for the global usefulness show only marginal differences between
the contextual approaches and the non-contextual baseline.

8.3 The Effects of Heterogeneous Data Sources

Sowiport offers the advantage that it allows an evaluation of contextualised brows-
ing with real users. A downside of Sowiport, however, comes from its hetero-
geneous data sources. Having different data providers bears the risk of adding
documents that had already been indexed by other data providers and thus, result
in highly similar or even identical entries in the index. The degree of similarity,
however, depends on the granularity of the descriptive metadata as discussed later
on in this section.
Especially during contextualisation, this could have an impact on the ranking of
documents. A seed document that is provided by more than one data source would
naturally lead to top-ranked documents that represent alternative instances of the
seed document when a contextualised re-ranking is performed. Despite that, re-

41A tabular representation can be found in the Appendix A.7.
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moving documents from the results that exceed a degree of similarity is contro-
versial and was not performed during the study. The main reason for this decision
is that a record is rarely identical. In most cases, documents contain varying sets
of descriptive metadata, which could be beneficial for users, such as the link to
the full-text of a document. Applying a similarity threshold in order to remove
documents from the result is a critical issue for users of a DL. Additionally, an
identification of those document views was not possible during this study for vari-
ous reasons which will be discussed in the following.

Different types of descriptive metadata

First and foremost, a duplicate entry is very difficult to detect in Sowiport. A
record might intellectually be recognised as a duplicate, but from an algorithmic
perspective, the solution is non-trivial. This difficulty is due to differing descriptive
metadata between the records which are often of minor differences.

Avoiding false positives in duplicate detection

Records might be highly similar in terms of title and descriptive metadata, but a
high degree of similarity is not always an indicator for a duplicate record. This is
shown in the following example of two documents that are highly similar. The seed
document was titled Grundformen der Kartenarbeit (I) and the first relevant record
after stratagem browsing was titled Grundformen der Kartenarbeit (II). These two
documents share a high degree of similarity in terms of title and descriptive meta-
data, but still represent two distinct documents that are strongly related. After
encountering the first relevant document (Grundformen der Kartenarbeit (II)), the
user looked up this record in Google Scholar, which is an indicator for the local
usefulness. This would not be possible if a document similarity threshold would
have been applied.

Table 8.3: The connection between the seed document and the first relevant docu-
ment.

Seed Document Title First Relevant Title
Eingangsdiagnostik im Mathe-
matikunterricht

Mathematisches Vorwissen im An-
fangsunterricht

Das Gegenstromprinzip. Teil 1.. Das Gegenstromprinzip. Teil 3..
Politikvermittlung und Wahlen in
den Medien

Politikvermittlung und Wahlen in den
Medien: ARD-Forschungsdienst

Three examples extracted from the analysed logs are displayed in Table 8.3. The ta-
ble shows the seed document (column one) along with the first relevant document
retrieved from stratagem browsing (column two). All three examples show real
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user behaviour, extracted from the transaction log and retrieved via the interaction-
context variant. The first row contains an example of two records that are topically
related. The first relevant document was contained on rank four in the result list.
Employing the baseline for the same seed document would result in the first rele-
vant document on a rank position of > 20 and thus, would not appear on the first
result page of Sowiport. The second row shows an example of two documents that
represent different parts of a series. These two documents can, therefore, be con-
sidered as highly related and provide a good example for the contextualisation of
stratagem browsing. By applying the baseline ranking, the first relevant document
would exceed the first result page of Sowiport. The third row contains an example
of two records that share an identical title except that the first relevant document
is extended by a sub-title. From an intellectual point of view, they are identical.
However, only the first relevant document contains a link to the full-text of the
record which was not available in the seed.

8.4 Conclusion

This section presented the evaluation of two contextualisation approaches on the
level of stratagem browsing in a DL: a) a contextualisation based on document
similarity and b) a contextualisation based on the users’ interaction context. The
results show that a contextualisation of browsing in DLs significantly outperforms
the baseline in terms of MFR. Furthermore, an increase in the click-through rate
for both contextualisation approaches was observed in comparison to the baseline.
An analysis of the local usefulness, again, showed a better performance for the two
contextualised browsing variants, while an effect on the overall session in terms
of global usefulness could not be observed. Other session related factors, like
dwell time or the number of interactions per session, did not differ between the
approaches.

It has already been hypothesised by Ryen W. White that the incorporation of the
interaction context can lead to a new generation of search systems that can be cre-
ated, designed, and developed, to increase the performance of context-insensitive
search systems (White, 2016). Even though White originally referred to contextu-
alisation mainly on the query level, the results of this experiment suggest that this
can also be transferred to the level of stratagem browsing.
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Discussion

The following section is dedicated to the discussion of both core chapters: 1) the
empirical studies covering the online survey and the user study as well as 2) the im-
plementation and evaluation of contextualised browsing. The discussion is organ-
ised as follows: first, the results of each study are briefly recapped and interpreted
in the light of the corresponding research questions. The key findings and contri-
butions from each study are pointed out and put into context. This is followed by
an analysis of the strengths and weaknesses of each study concerning study design,
generalisability, and potential flaws that may bias the interpretation.

Implications for the design of Digital Libraries (DLs) are stressed with respect to
the key findings of all three studies in Section 9.4. This chapter is finalised by a
consideration of open questions that could not be addressed in this thesis. These
open questions are discussed as potential areas of future work (see Section 9.5).

9.1 Survey on Search Activities at the Stratagem Level

The online survey (see Section 5) aimed to answer the following research question:

RQ 1 What kind of stratagem browsing variants do users employ during in-
formation seeking, and how do the respondents assess their usefulness?

With regard to the research question, the survey showed that stratagem browsing is
a commonly used search activity across a wide range of respondents with an aca-
demic background. The results presented in Section 5.2.2 point out that journals
and conference proceedings were considered as very useful sources by the majority
of the respondents (mode=5, median=5, N=156). The employment of a stratagem,
however, appears to be dependent on the user’s state of search. The journal run, for
instance, is less often utilised when the respondent is looking for related material
to a given relevant document (often to very often by 35.2%) compared to a journal
run that is performed without viewing a preceding document (often to very often
by 54.9%).

Similar to the journal run, citations and references are commonly used. 65.7% of
the respondents used citations, and 82.1% used references often to very often (see
Section 5.2.3). However, the higher usage of references over citations does not
necessarily reflect higher usefulness of these.

107
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Using open-ended questions, several respondents stated that DLs rarely provide
access to citations. This is a possible explanation for why respondents utilised
citations searches less often than references. DLs that provide better access to ci-
tation information could balance this difference.

In Section 5.2.4, the respondents were asked to choose a stratagem as a follow-up
search activity based on a given scenario description. The respondents preferred to
follow references (mean=2.38), browse the list of documents citing the given paper
(mean=2.79), and keywords (mean=2.82). The journal run, on the other hand, was
ranked comparably low (mean=4.10).

Overall, the results concerning the usage of citations, references, and journals re-
flect the findings from Athukorala et al. (2013). The authors, amongst others, in-
vestigated the usage of citations, references, and authoritative forums (e.g. jour-
nals/conference proceedings) for different types of purpose, such as "Stay up to
date with research" and "Explore unfamiliar research areas". The results showed a
predominant usage of citations and references. Authoritative forums, on the other
hand, were used, in order to stay up to date with research. In this case, the respon-
dents were manually browsing through journals/conference proceedings of familiar
and renowned sources. Additionally, Athukorala et al. investigated the preferred
sorting options (citation count, forum rank, year) for search results. Their findings
indicate that a sorting based on the rank of a forum is highly relevant for the rank-
ing of search results. A ranking option based on contextualisation was not present
in their study.

Key Findings

With respect to the aforementioned results, one can derive two key findings. First
of all, the online survey demonstrates that stratagems are legitimate search activi-
ties. The findings yield to contemporary understanding of stratagems that indicate
the legitimacy of Bates’ conceptualisation, even though these were developed prior
to the current advances of modern DLs purely from observing the information-
seeking behaviour of experienced users of a physical library.

The second key finding from the online survey was the identification of an inade-
quateness in the operationalisation of stratagems, that became clearly visible from
the open-ended questions. When asked for reasons to reject a certain stratagem,
some of the respondents indicated that the underlying content was often too unspe-
cific to be useful.
A similar argumentation is discussed in the well-known berry-picking model by
Bates (see Section 2.5). She argues that a journal with a broad subject is unlikely
to fulfil a user’s information need, but more useful to monitor a certain area of
research. In contrast, very specific journals are likely to meet a researchers interest
(Bates, 1989). Considering her argumentation and the observations from the online
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survey, one can identify a problematic situation of so-called topical broadness that
results from certain stratagems.
From the motivational point of view, this topical broadness strengthens the assump-
tion that stratagems, such as the journal run, need more advanced system support,
to be truly applicable across a broader range of search tasks (e.g. looking for re-
lated material to an already retrieved relevant document). Modern DLs do in fact
support stratagem browsing, but the implementation of these is, as of today, insuf-
ficient and therefore leads to a contextual gap between the users’ information need
and the ranking provided. A contextualisation of search activities, as proposed in
this thesis, could help to increase the usefulness of these types of search activities
by reorganising the content according to the users’ preferences. This might even-
tually help to bridge the contextual gap.

These considerations are supported by the observations made in the task of organ-
ising the content of a journal (see Section 5.2.5). In this task, the respondents were
asked to organise the content of a journal on the basis of six ranking options: four
generic options, such as authors or title, and two contextualisation features (similar-
ity and interaction context). The respondents considered the contextualised rank-
ing options (median=2 for both contextual ranking options) as substantially more
valuable than the four non-contextualised features (median=4 for the best ranked
non-contextualised feature).

Strengths and Limitations

In total, 204 respondents took part in the online survey, of which 129 completed
it. The respondents came from 12 different scientific disciplines, such as computer
science and social sciences. This provides a solid foundation for a first overview
of stratagem browsing from a diverse field of studies.

While the results of the online survey provided a general overview of the usage
of stratagem browsing across a broad range of disciplines and academic degree,
it is challenging to generalise the results. One factor that limits the generalisabil-
ity is caused by a self-selection bias in web surveys, as discussed in Bethlehem
(2010). Furthermore, an online survey can only help to determine the opinion of
the respondents’ based on their past experiences and preferences. It might be that
the usefulness of a certain browsing strategy is assessed differently in a real usage
scenario in comparison to an online survey. However, with respect to the present
thesis, the results serve as an indicator of the usefulness of stratagem browsing and
provoke further investigation of the topic.

The task of organising journal articles showed a need for contextual browsing. The
results indicate that the ranking of documents during a journal run should stronger
relate to the users’ search activities (e.g. entered query term or the inspected doc-
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ument). However, the scenario that was used to assess the users’ opinion on or-
ganising journal content was composed using a relevant document as a starting
point. It would be interesting to see whether the outcome of the task significantly
changes when using a negative scenario, in which the respondents start from a non-
relevant article. A negative scenario could possibly lead to a lower performance of
context-based ranking options. A different survey design in which the scenario is
alternated among the respondents with respect to a positive (relevant) and negative
(non-relevant) scenario may have been more suitable to investigate contextualised
ranking options.

With respect to the survey design, one could observe from the feedback of some
of the respondents that the time for completing the survey was underestimated.
During the pretest, a duration of five minutes was estimated, which was lower than
the actual time to complete the survey (roughly 15 minutes). This might have
resulted in certain respondents not completing the entire survey.

9.2 User Study on Stratagem Browsing in Digital Libraries

Given the discussed limitations of the online survey, the first research question
is only suitable to provide an initial understanding of the usefulness of stratagem
browsing. Gaining more in-depth insights into these types of searches requires a
qualitative perspective. In order to extend the knowledge about stratagem brows-
ing, a user study was designed in which the search activities of participants were
observed during a given search task.

The user study (see Section 6) was dedicated towards answering the following
research question:

RQ 2 What are the most frequently applied stratagem browsing variants in
a state-of-the-art DL, and how is their usage in comparison to other
search strategies like, for example, query searches? How is the perceived
relevance of stratagem browsing opportunities?

In total, 137 search activities were performed on the stratagem level, of which key-
words (50), references (27), citations (26), and author information (25) were most
frequently used. A rather low usage was found for the journal run (4) and classifi-
cations (5). Queries and the usage of recommendations were observed 111 times.

Starting from the seed document, the participants most frequently utilised citations,
keywords, and references as initial search activities. With an increasing number of
interactions, the participants used queries and recommendations more frequently,
while the usage of citations and references decreased. This may, however, be due
to missing citation and reference information in the documents discovered by the
participants. Several participants mentioned that the continuous usage of a strata-
gem is influenced by the success of their previous search. One of the participants
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explicitly stated in the post-questionnaire that he/she avoids the mixing of search
strategies.
When asked about the usefulness of different stratagem browsing variants, the par-
ticipants considered references, classifications, and author information the most
useful ones for the given task (see Section 6.2.1.2).

The gaze data showed a strong fixation along the descriptive metadata of a record,
most intensely in the area of authors and publishing information of the seed docu-
ment. Furthermore, it was shown that the distribution is mostly focused on the first
entries of the metadata, e.g. the first two keywords contained in the seed document.
Other areas with high fixations were: classifications, citations, references, access
to full-text, and recommendations. Surprisingly, the distribution along the abstract
of the seed document was rather low.
The gaze data, furthermore, showed notable differences between the two groups of
participants for the seed document. Postdoctoral researchers spent more time in-
specting the journal information of the seed document. The group of students spent
considerably less time on this AOI (m=0.63 seconds) compared to the senior re-
searchers (m=2.85 seconds). Likewise, the number of fixations on the journal was
lower for the students (m=2.55 compared to m=8.33). Both groups of participants
spent the most time on inspecting the list of references.
The mean dwell time spent on inspecting the list of references was 69 seconds
for postdoctoral researchers and 38 seconds for the group of students. Overall,
postdoctoral researchers spent more time on nearly all metadata information of the
seed document. The only exception were citations, which were more intensively
inspected by the group of students. It is assumed that certain descriptive metadata
information is more valuable to experienced researchers and thus, inspected more
intensively. A similar argumentation can be found in Mayr (2016).

Key Findings

One of the most important observations from this study is that stratagem browsing
was a frequently applied search strategy across all participants. From a quantifying
point of view, stratagem browsing was more often utilised in comparison to queries
and the usage of recommendations (see Section 6.2.1). This is a rather surprising
result since a lot of today’s research focuses on query searches and recommender
systems. The attention on stratagem browsing is comparably low. Additionally,
it was observed that stratagem browsing was most frequently utilised as an initial
search activity (see Section 6.2.1.3). With an increased number of interactions, the
participants more frequently employed query searches or clicked on recommended
articles. Following these observations, it is assumable that stratagems are particu-
larly important during the early stages of the information-seeking process, in Ellis
model described as the starting phase (see Section 2.2.1).42

42The reference to "starting" is particularly conclusive in this case because Ellis’ model stressed
the employment of an already retrieved relevant document as a starting point during this stage.
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A unique feature of the user study is the analysis of user feedback concerning
stratagem browsing provided in the post-questionnaire. By employing item-scale
questions and open feedback, the user study provided valuable insights into the
reasons why participants decided to use a stratagem or not. Various answers were,
again, directed towards imprecision and topical broadness. Reasons for the little
usage of a journal run, for example, were given in the post-questionnaire. Sev-
eral participants responded that they did not perform a journal run, because the
particular journal was too general for the task. Another reason to reject a certain
stratagem was, for instance, that the employment would have cost them too much
time. Hence, the reasons for rejecting a certain stratagem browsing variant are in
line with observations from the online survey, namely that certain stratagems pro-
vide content that is too broad to be inspected in a reasonable time, in order to find
related material.
This, along with the reassessment of organising journal articles (see Section 6.2.4),
once more supports the hypothesis of contextualised browsing.

Another key finding that can be derived from the user study is provided by the anal-
ysis of gaze data. The gaze data indicate that the decision on utilising a stratagem
strongly depends on the underlying content and its opportunities for the informa-
tion seeker. The discrepancy between the actual employment of a stratagem and
the perceived relevance, in terms of the number of fixations and the dwell time,
strengthens this predication (see Section 6.2.2.1). The comparison of the actual
usage of search activities and gaze data in the seed document showed that certain
areas of interest (AOI) along the descriptive metadata were assessed intensively
by the participants. It is, thus, assumed that certain search activities were in fact
of relevance despite eventually not being employed. Nevertheless, it is important
to note that one should not confuse perceived relevance with the relevance of a
search activity in general. The results of the eye-tracker, as interpreted in this
study, just provide an approximation of relevance which is not conclusive. How-
ever, a more profound and generalisable conclusion of this approximation would
require a controlled experiment on its own. Overall, it is also possible that the
descriptive metadata are the reason for the intense fixation counts.

Strengths and Limitations

Although it had been pretested, the design of the user study showed some limita-
tions. The qualitative feedback of the participants indicates that 10 minutes were
not enough time to complete the task given in the scenario. Apparently, more time
or no time constraints at all might have been more appropriate for the given task.

Furthermore, it turned out that some participants were not familiar with Sowiport
and the opportunities it offers, for which reason they lost some time during the
task. A tutorial introducing Sowiport, e.g. a short demonstration or explanation
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followed by a few minutes for getting to know the system before the scenario was
handed out, might have increased the quality of the results. However, the decision
not to introduce Sowiport made sure that the participants were not biased when
focusing on certain areas of the interface.

One could also assume that the seed document for the task was not adequately
chosen because of its generic scope and therefore, influenced the users’ behaviour.
The journal in which the seed document was published covered a very broad topic
(Cologne Journal of Sociology and Social Psychology). This broad topic might
have fueled the identification of topical broadness. On the other hand, a different
seed document with a more specialised journal might have influenced the partici-
pants’ behaviour in the opposite way.

A potential flaw in the design of the user study is that an additional task is missing
which might have revealed effects that are caused by the task provided. Having
an additional task would have increased the reliability of the results and allowed
a comparison between the two tasks. Despite this, the results are still suitable to
serve as an empirical foundation for the validity and the frequent employment of
stratagem browsing during an actual search task, which was the primary focus of
this user study.

For this study, Sowiport was utilised, which makes the present study reasonably
close to a real search task and search behaviour. Also, the participants were al-
lowed to navigate Sowiport without any restriction. The goal of such an open
experiment design is to reflect information-seeking behaviour as realistic a possi-
ble.

The conclusions drawn in this section are based on a behavioural observation of
32 participants. While this is a reasonable number of participants for a controlled
observational study, it is difficult to generalise the results presented in this section.
A different task with a different sample of participants might lead to a different out-
come. Nevertheless, the results do contribute to a better understanding of stratagem
browsing and furthermore, provoke a need for contextualised browsing.

9.3 Evaluation of Stratagem Browsing

The first two research questions followed the principles of Interactive Informa-
tion Retrieval. They were designed to obtain a better understanding of stratagem
browsing. One of the main outcomes of these two studies was the identification of
topical broadness. In order to address this problem, two contextualised browsing
approaches were implemented (see Section 7).

The following study is dedicated to the evaluation of the effectiveness of contex-
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tualised stratagem browsing. Its underlying research question, represents the core
investigation of the present thesis.

RQ 3 Can the effectiveness of exploratory search on the level of browsing be
improved by employing contextual ranking features in comparison to a
non-contextual ranking feature?

By measuring the position of the first relevant document in the result set (MFR), it
was revealed that both contextualisation approaches led to significantly improved
results in comparison to the baseline. The similarity-based contextualisation (vari-
ant B) performed best (MFR=3.10), and the contextualisation using the interaction
context (variant C) reached an MFR of 3.62. The baseline (variant A) performed
worst, achieving an MFR of 4.66.
Besides the better performance with respect to MFR values, one can see a consid-
erably higher click-through rate of the contextualised variants (B=1999, C=1571)
compared to the baseline (A=1078).

When limiting the MFR measure to all result sets that contain at least 20 doc-
uments, one can observe a negative effect on the performance of all three ap-
proaches. The MFR score of the non-contextualised baseline, for instance, in-
creased from an MFR of 4.66 to 6.47 (+1.81). The contextualised approaches were
less affected and increased from an MFR of 3.10 to 3.39 (+0.29) for the similarity
variant and from an MFR of 3.62 to 4.30 (+0.68) for the interaction context variant.

A similar observation was made, when the MFR values were analysed with respect
to different history sizes. All three variants performed worst with increasing his-
tory size. Comparing the MFR values for a history size of H ∈ [2.5] with larger
history sizes (H ∈ [11,∞]) showed that the non-contextualised approach had the
largest increase in terms of MFR by 0.97. The MFR of the contextualisation based
on similarity increased moderately by 0.55. The contextualisation based on the
interaction context was least affected by larger history sizes and increased only by
0.22. With increased history sizes, the gap between the similarity approach and the
interaction context variant is lowered (B=3.59, C=3.80). Following these trends, it
is plausible to assume that the interaction context would outperform the similarity
context for sessions with history sizes above a certain threshold.

It is assumed that the performance of the interaction context depends on the com-
plexity of the search task. If a session of a user contains a larger set of interactions,
then this could be understood as an indicator for the complexity of the user’s search
task. Likewise, it is assumed that sessions with a higher number of interactions,
also have greater demands on the quality of a result list. This could be an explana-
tion of why all three approaches performed worse when the number of interactions
increased.
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The comparably low increase in terms of MFR for the interaction context could
also be explained by a cold start problem. A large fraction of users visit Sowiport
via a web search engine, which indexes the detail view of a document (see Section
4.4.2). Thus, users are enabled to employ stratagem browsing at an early stage
in a session. However, in this case, the interaction context contains only little in-
formation about the user’s information need, and therefore, only few information
can be used for contextualisation. The more interactions a user performs, the more
detailed the interaction context of the user can be modelled. This might be one
explanation for the good performance of the interaction context for larger history
sizes.

Unfortunately, a large fraction of search sessions analysed throughout the experi-
ment comprises only 1 to 5 interactions, and thus, it is difficult to generalise the
results of the interaction context approach (C). One can only assume that for highly
interactive search sessions, the results of the re-ranking will differ and lead to bet-
ter performance. Having a larger sample size would improve the reliability of
these observations. The low number of interactions in Sowiport is, however, not a
unique phenomenon but rather a common pattern that occurs in other DL systems,
too. This has also been observed in Jones et al. (2000).

The analysis of the MFR values provided valuable insights about the users’ click
behaviour when interacting with result lists. On the opposite, the better perfor-
mance in terms of MFR and the higher click-through rate does not include infor-
mation about the relevance of the clicked documents but rather about a topical
relatedness to the user’s search interests. Thus, similarly to Joachims et al. (2017),
one should not regard the increased click-through rate as relevance on an absolute
scale. Certain aspects, such as trust bias in ranked result lists, also play a vital role,
but could not be uncovered by the MFR analysis.

To overcome the absence of relevance information and to get a deeper insight into
the relevance of the clicked documents, additionally, the usefulness metric was
employed. The intention behind this metric is to take implicit relevance signals
into account that serve as an approximation of relevance.
This analysis was carried out on two levels: 1) the local usefulness of a search
result after a stratagem run representing the immediate relevance and 2) the global
usefulness which measures implicit relevance signals for the entire session. The
results of the local usefulness are in line with the results of the MFR. Both con-
textualised approaches outperform the baseline. The contextualisation based on
document similarity gathered more than twice as many immediate relevance sig-
nals than the baseline. The contextualisation based on the interaction context was
also considerably higher (A=232, B=628, C=334).
This supports the hypothesis that the contextualised approaches are more effective
in ranking documents that are of relevance to the user’s search interests. By util-
ising the global usefulness, the number of implicit relevance signals after the first
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stratagem usage for the entire session was measured. For the global usefulness,
only minor differences in the overall success of the sessions could be observed.
This may be an indicator for a rather equal performance of the three approaches in
terms of session-wide effectiveness.

Similarly to the global usefulness, other session-related measures, like the dwell
time or the number of interactions, did not differ substantially between the ap-
proaches.

Key Findings

From this experiment, one can derive three key findings:

The most important observation is that contextualised ranking clearly outperforms
the non-contextual baseline. Both contextual ranking options perform significantly
better in terms of MFR compared to the non-contextual baseline. In addition, by
increasing the users’ effort in assessing a result list that contains at least 20 doc-
uments, one can identify that the MFR scores for all three variants increase. The
increased MFR scores for the larger result sets are not surprising and could be ex-
pected. But the effect on the baseline is substantial in comparison to the contextual
approaches. The MFR values for the baseline increased by 1.81 while the MFR
values of the contextual variants increased moderately (0.29 for the similarity vari-
ant and 0.68 for the variant using the interaction context).

The second key finding addresses the click-behaviour observed in the experiment.
While the MFR values reflect the rank of the first clicked record in a result list, the
click-through rate provides information regarding the total number of MFR clicks.
From these results, one can see a considerably higher click-through rate of the con-
textualised variants compared to the baseline.

The third observation stems from the usefulness analysis. In particular, the re-
sults of the local usefulness stress that the immediate relevance signals are notably
higher for the contextualised variants. This indicates that the quality of the result
sets determined by the contextual variants is considerably higher.

All three findings described here are strong indicators for the effectiveness of the
contextualised approaches in comparison to the non-contextualised baseline. Cer-
tain aspects that lie in the nature of a transaction log study might, however, have an
impact on the results. These are discussed in the following section.

Strengths and Limitations

One downside of this experiment stems from the nature of transaction log studies.
The results show a significantly better performance in terms of MFR on the level
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of contextual ranking features. However, an interpretation of the results in light of
quality and relevance is not possible solely by using the MFR measure. To gain a
more qualitative view on the usage of contextual ranking features, it is necessary to
conduct a user study that has the potential to provide insights into the relevance of
documents and the users’ particular reasons for regarding or disregarding certain
documents.

Considering usability aspects and transparency, one can identify another downside.
The users are not aware of the contextual ranking features. In a pretest, the users
were provided with an information box, which aimed at providing transparency
about the ranking mechanism. However, after conducting the pretest, it was de-
cided to remove all information about the ranking features on the user interface as
this led to confusion and distorted results.

In order to measure the overall success of each session in terms of usefulness,
implicit relevance ratings (see Section 8.2.3) were employed. Although the im-
plicit relevance ratings had previously been applied to measure the usefulness of
Sowiports Search Term Recommender (STR) (Hienert & Mutschke, 2016), they are
not evaluated entirely. Thus, the results for this observation are influenced by a
subjective list of relevance ratings that were predefined in our research group at
GESIS. Nevertheless, certain features are undoubtedly reasonable, such as adding
a document to the users’ personal favourites by clicking on "add to favourites",
which indicates the usefulness of that particular document.

A further limitation of the transaction log study is the heterogeneity of data sources
in Sowiport. Having multiple data sources incorporated in Sowiport leads to a situ-
ation in which identical variants of one document may exist. This is, of course, an
issue for contextualised ranking features that re-rank documents based on content
similarity. However, it was not practical to remove documents that exceed a given
similarity threshold for numerous reasons that had already been discussed in Sec-
tion 8.3. In order to gain knowledge about the degree of document similarity during
contextualisation, a random sampling of 20 record views per contextualised strata-
gem browsing variant was selected. The results of this random sampling showed
that users had a rather strong tendency towards clicking on similar records. The
strongest bias was observed for the contextualisation operating on document sim-
ilarity. Roughly 35% of the samples contained indications for a click on identical
records. This is, of course, not too surprising, considering the employment of a
similarity-based ranking on potentially heterogeneous data sources. For the con-
textualisation based on the interaction context, this number is lowered to 22.5%.
Additionally, the sampling was repeated for longer sessions as it is assumed that
users who have a more complex information need are more demanding when in-
teracting with a result list. In fact, only 15% of the sample contained indications
for identical records for the similarity variant and only 10% for the variant using
the interaction context.
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Given that the experiment was placed in a real-life DL with heterogeneous data
sources such downsides are inevitable. Even outside of a contextual ranking, the
behaviour of Sowiport in terms of identical records remains comparable. Hence,
similar records would still appear close to each other in a result list of a non-
stratagem search situation, such as ad-hoc querying.

9.4 Implications for the Design of Digital Libraries

The results of the present thesis have several implications for the design of DLs
that are discussed with respect to the two core chapters: empirical studies and the
transaction log study.

Implications resulting from the empirical studies

Considering the results of the empirical studies, two aspects for the improvement
of DLs become apparent:

• Linking content: The frequent usage of stratagem browsing suggests that
the participants consider structured and interlinked information as poten-
tially useful when exploring a DL. These types of searches could be further
supported by interconnecting related content in a more intense way. Possi-
ble interconnections could be revealed by applying bibliometric features like
co-citations or author networks (Carevic & Schaer, 2014; Mutschke & Mayr,
2015), which are then added to the documents descriptive metadata.

• Extracting references and citations: Citations and references were both con-
sidered as highly useful and were frequently employed during the search
task. However, the number of documents that contain citations and refer-
ences is still comparably low. This issue has also been mentioned by the par-
ticipants of the user study. Further research should be invested to increase
the interconnectivity via citations and references, in order to better support
users in exploring DLs.

Implications resulting from the transaction log study

The results of the transaction log study provided valuable insights into the potential
of contextualised browsing features in modern DLs. The effects of contextualisa-
tion on the click position of documents resulting from stratagem browsing showed
that users could be supported in discovering content that has the potential to be of
relevance to their current search task. Not much effort is necessary to transfer the
present approaches into a productive large scale DL. Both contextualisation vari-
ants are built upon existing standards such as the More Like This query parser and
well-known query expansion methods.
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To provide more user-oriented systems, that support the user during exploratory
search tasks, designers of DLs should consider contextualisation as a potential en-
hancement that might help to improve their respective systems. Additionally, the
response time for calculating the contextualised ranking was negligible, and usu-
ally, a response could be provided in a reasonable time. As performance has not
been of particular interest in the experiment, there could still be room for improve-
ment.

9.5 Future Work

In the following, open questions and potential future research directions are de-
scribed.

Qualitative Investigation of Contextualised Browsing

The most important aspect of a follow-up experiment would be to evaluate the
contextualisation in a controlled environment, such as a lab study. This would
provide a more accurate and thorough impression of the effects of contextualised
browsing. Given the results from the transaction log experiment, it is only possible
to assess the effects from a quantitative perspective. The quantitative perspective,
however, cannot provide insights regarding the actual benefits of contextualisation
for the success of a search session.43 The values from the MFR analysis show a
higher click-through rate on documents that are further on top of the result list,
but this can only be used as an indicator for effectiveness. Therefore, a user study
should be conducted in which the participants can provide immediate feedback on
the ranking. In order to conduct these types of experiments, a lot of effort has to be
invested in the design of the study and the recruitment of participants.

Transparent User Interface

Providing a transparent user interface would allow users to control the contextu-
alisation and to understand its impact. However, this is a challenging task that
demands more research on the level of human-computer interaction. A good ex-
ample of a transparent user interface can be found in di Sciascio et al. (2018). They
developed a social exploratory search system that allows users to understand and
control the ranking features. Any DL designed today should enable its users to
gain control of the ranking methods applied. Furthermore, a transparent user inter-
face could provide valuable feedback to determine in what situation a contextual
ranking is demanded.

43The success of a search session could be, for instance, to satisfy an information need.
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Diversity and Topical Narrowing

One aspect that was not investigated during the experiments is the balance between
diversity and topical narrowing. A non-contextualised baseline offers more diver-
sity by arranging content in a more or less ambiguous order. The contextualised
ranking, on the other hand, is better suited for providing content in a topically nar-
row manor. Both approaches, however, may be adequate in different situations. It
is possible that a user performs a journal run, in order to get a broad overview of the
content that a particular journal provides. These types of searches can be charac-
terised as serendipitous browsing. In those situations, the content is best presented
using the non-contextualised baseline, in order to avoid a topical bias that would
undoubtedly be present in a contextualised setting. A contextualised ranking, on
the other hand, is better suited in situations in which a user is engaged in stratagem
browsing to find related documents to an already retrieved relevant document.
These considerations, even more, suggest that a transparent user interface is neces-
sary because it provides information about the present ranking with the ability to
tune the ranking according to the users’ needs.

Extending the Contextualisation Methods

With respect to the two contextualisation approaches, at least four potential areas
for future work can be provided:

• The set of document features (see Section 7.3) that were employed to deter-
mine the similarity between two documents have not been evaluated sepa-
rately. Judging whether the set of features used was adequate or not is not
possible so far. Although the configuration has performed well, it may be
necessary to adjust the similarity function to a more systematic and sophis-
ticated approach that needs to be evaluated separately.

• The interaction context approach is developed from a limited set of features.
Including additional parameters, that might contribute to a more precise in-
teraction context, could improve the effectiveness of this approach. Exam-
ples for additional features could be the employment of mouse tracking po-
sitions, text selections (e.g. White & Buscher, 2012), or demographics (e.g.
the language of the user).

• The query expansion on the basis of the interaction context employed a
fielded weighting. This weighting is still at an early stage that was adapted
from Sowiport’s default configuration (see Section 7.4). A different weight-
ing would undoubtedly have an effect on the performance. Evaluating differ-
ent weighting parameters has not been tested and could be part of a follow-up
investigation.

• The contextualisation based on the interaction context suffered from a cold-
start problem. At the beginning of a session, only little information about
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the user is available, which makes it difficult to estimate the user’s search
interest. Each interaction of the user with the system, however, increases
the interaction context and in turn, the systems knowledge about the user.
To overcome the cold-start problem, one could implement a hybrid contex-
tualisation approach. A hybrid approach could utilise the similarity-based
approach at the early stages of the session, while richer sessions that devel-
oped more knowledge about the user could be contextualised based on the
interaction context.

The applicability of the present contextualisation concepts is not limited to DLs.
Any other system that provides browsable content might benefit from a contextual-
isation. Thus, it would be of interest to transfer the present contextualisation con-
cepts to a different use case. Social tagging systems, for instance, would provide
an interesting use case. Transferring the present approaches would allow a compar-
ison between contextualisation in DLs and, for example, social tagging systems.

Follow-up investigation

Based on the concepts presented in this thesis, a follow-up project on Contextu-
alised Dataset Retrieval (ConDATA) has been granted for two years of research by
the German Research Foundation (DFG). The goal of this project is to investigate
contextualised browsing and its effects from a qualitative and user-centred design
perspective. The two main objectives of this project are: 1) the development of a
user interface that provides the users with information about the underlying contex-
tual retrieval method, and 2) the extension of the present contextualisation methods.

In addition to the document retrieval perspective, this project will be focused on the
dataset retrieval use case. This project not only provides more time for additional
qualitative research, but it also shows that there is a lack of research in this area
which is valuable and worth further investigation.
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Conclusion

Exploratory search tasks that go beyond simple lookup searches, such as learning,
are highly interactive and cognitively demanding tasks that involve various search
tactics that occur iteratively, often across multiple search sessions. The information
need of an exploratory search is usually ill-defined, and users seeking for informa-
tion are accompanied by a feeling of uncertainty and confusion about what strategy
to pursue, what information is available, and what terminology to use for search-
ing. These characteristics are particularly observable during the initial stages of
the information-seeking process, in which an information seeker aims to identify
a suitable foundation, often in the form of a relevant document, that could expose
possible directions to pursue the search. During these initial stages, information
seekers regularly employ exploratory browsing strategies, in order to familiarise
themselves with a particular topic, examine the information available, and to form
a hypothesis. Today, exploratory browsing is recognised as a fundamental strategy
during information seeking. Especially, academic search engines, such as, Digital
Libraries, are designed to facilitate these types of searches in the form of stratagem
browsing. Stratagem browsing enables the exploitation of structured metadata an-
notating the content of a document for further exploration. While the importance
of stratagem browsing is undeniable, the system support on this level is compa-
rably low. Many modern Digital Libraries only support the technical means of
stratagem browsing, without any additional system support. Instead, stratagem
browsing is realised from a solely system-oriented perspective that disregards es-
sential user-centred aspects such as the user’s information need, goals, and context
of interaction.
The present thesis set out to study the applicability of contextualised stratagem
browsing in Digital Libraries. Stratagem browsing aims at tailoring search results
towards the user’s search interests. In order to contribute to the development of
contextualised stratagem browsing, three studies were conducted throughout this
thesis. The results of these studies were presented in two distinct core chapters:

• Empirical Studies:
The first chapter follows the principles of Interactive Information Retrieval,
aiming to gain a thorough understanding of the information-seeking pro-
cess with respect to stratagem browsing. Two studies, that analyse the be-
havioural aspects of stratagem browsing in Digital Libraries, were conducted:
an online survey and a user study. During the online survey, a total of 204 re-
spondents provided feedback on stratagem browsing and their usefulness for
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finding related material. The online survey was followed up by a user study
involving 32 participants that were asked to solve a pre-defined search task.
This study was conducted in a controlled environment aiming to observe the
information-seeking behaviour of participants, while looking for documents
that were relevant to a given search task.
Contribution: Both, the online survey and the user study, contribute to a
thorough understanding of stratagem browsing. The result of these two stud-
ies show that stratagem browsing is a highly relevant search activity, that
is more frequently employed than query searches and the usage of recom-
mended documents. The more frequent usage of stratagems is in particular
visible during the early stages of the information-seeking process. A key ob-
servation made during these studies was that the employment of a stratagem
is depended on the underlying content. Having very generic keywords or a
topically broad journal has a strong influence on the decisions whether or
not a stratagem variant is employed. This topical broadness is identified as
a primary issue during stratagem browsing. This might be contra-intuitive
to the objectives of browsing and therefore, indicates a need for a contextu-
alised browsing approach that might help to overcome the identified issue of
topical broadness.

• Contextualised Stratagem Browsing in Digital Libraries:
The second core chapter of the thesis presented the implementation and eval-
uation of contextualised stratagem browsing in a Digital Library. In order to
address the problem of topical broadness, two approaches were developed
that contextualise stratagem browsing on the level of descriptive metadata
in a Digital Library: one variant which is based on document similarity,
and one variant utilises the users’ interaction context comprised of features
such as queries, and different document attributes encountered during the
users’ session. To determine the effectiveness of the two contextualised
stratagem browsing variants, a transaction log study was conducted using
the real-life Digital Library Sowiport. An A/B/C-testing was designed to
compare the two contextual stratagem browsing variants against Sowiports
non-contextual baseline.
Contribution: The evaluation of contextualised stratagem browsing shows
that contextualisation is more effective than the non-contextualised baseline.
The results indicate a higher click-through rate and a significantly better per-
formance in terms of the first relevant rank position, concerning the contex-
tualised browsing variants. Furthermore, the contextualised variants achieve
a higher usefulness measured by the number of implicit relevance signals
compared to the baseline. Overall, the results of this experiment suggest that
contextualised stratagem browsing can help to overcome the disadvantages
of topical broadness. This might lead to a new generation of contextualised
Digital Libraries.
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The following hypothesis was presented in the introduction of this thesis:

The employment of the user’s interaction context on the level of stratagem brows-
ing will lead to the development of more effective retrieval systems.

The results presented in this thesis provided experimental evidence that contex-
tualisation is more effective than non-contextualised stratagem browsing. Both
contextual browsing variants were developed using well-established methods that
are widely known. The use of well-established methods creates the opportunity
for the designers of Digital Library to incorporate and adapt the proposed meth-
ods. Furthermore, this thesis contributed to research by providing a more profound
understanding of stratagem browsing and exposed an inadequateness in the oper-
ationalisation of stratagems described as topical broadness. Ultimately, this thesis
laid the foundations for contextualised stratagem browsing in Digital Libraries and
created opportunities for follow-up research directions.
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A

Tables

A.1 Task on organising journal articles (Online Survey)

Table A.1: Task on organizing journal articles. Mean values range from lowest
rank (6) to highest rank (1) (N≥128).

Ranking option M SD Mdn Mode
By the entered query terms (alcohol consumption
germany)

2.08 1.34 2 1

By similarity to the current document based on
title (Developments in alcohol consumption..)

2.23 1.32 2 2

By title 3.95 1.49 4 5
By issue and date 3.95 1.66 4 6
By number of citations 4.08 1.42 4 4
By author 4.42 1.31 5 6

A.2 Usage frequency of the six stratagems in comparison
to queries and recommendations

Table A.2: Total usage frequency of the six stratagems in comparison to queries
and recommendations.

Type Search Activity Usage frequency # Participants
Stratagem Keywords 50 16

References 27 18
Citations 26 18
Author 25 13
Classifications 5 5
Journals 4 2
total stratagem 137

Other Queries 69 22
Recommendations 42 16
total other 111
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A.3 Percentaged usage frequency of search activities within
a session limit of ten steps

Table A.3: Percentaged usage frequency of search activities within a session limit
of ten steps.

Type Search activity Step 1 Steps 2-4 Steps 5-7 Steps 8-10
Stratagem Keywords 21.8% 16.1% 18.7% 33.3%

Citations 21.8% 8.6% 10.9% 8.3%
References 18.7% 11.8% 3.1% 13.8%
Author 3.1% 10.7% 14.0% 0%
Classifications 3.1% 3.2% 1.5% 0%
Journal 0% 3.2% 0% 0%

Other Queries 15.6% 29.0% 37.5% 33.3%
Recommendations 15.6% 17.2% 14.0% 11.1%

A.4 Task on organising journal articles (User Study)

Table A.4: Task on organizing journal articles. Mean values range from lowest
rank (6) to highest rank (1) (N=32).

Ranking option M SD Mdn Mode
By the entered query terms (alcohol
consumption germany)

1.81 1.07 1.50 1

By similarity to the current document
based on title (Developments in alcohol
consumption..)

2.47 1.44 2 2

By issue and date 4.00 1.30 4 5
By title 4.09 1.74 4 6
By number of citations 4.31 1.49 4 6
By author 4.31 1.24 4.5 5
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A.5 Descriptive statistics for the period of the transaction
log study

Table A.5: Descriptive statistics for the period of the study.

Approach Total
strata-
gem

usage

Document views
from stratagem

search

Mean
interactions
per session

Mean
dwell

time (s)

(A) Baseline 25,426 1,985 7.61 123.79
(B) Similarity 25,475 3,212 7.91 134.98
(C) Interaction Context 26,135 2,627 7.76 123.27

A.6 Mean first relevant for different history sizes (H)

Table A.6: Mean first relevant for different history sizes (H).

Approach MFR H ∈ [2, 5] MFR H ∈ [6, 10] MFR H ∈ [11,∞]
(A) Baseline 4.52 (N=802) 5.06 (N=276) 5.49 (N=112)
(B) Similarity 3.04 (N=1491) 3.29 (N=508) 3.59 (N=215)
(C) Interaction context 3.58 (N=1201) 3.77 (N=370) 3.80 (N=160)

A.7 Usefulness of stratagem browsing per session

Table A.7: Usefulness of stratagem browsing per session.

Approach Local usefulness Global usefulness
(A) Baseline 232 5,385
(B) Similarity 628 5,684
(C) Session Context 334 5,294
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A.8 Descriptive metadata of Sowiport records

Table A.8: Descriptive metadata of records in Sowiport associated with their
browsing capabilities.

Metadata Field Browsable
Title No
Abstract No
Keywords Yes
Classifications Yes
Publication Information

Journal Yes
Published Date No
DOI No
Page Numbers No

Authors Yes
References Yes (if available)
Citations Yes (if available)
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FragebogenFragebogen

11   Welcome   Welcome

Welcome, and thank you for participating in the survey on: 

Higher Search Activities in Digital Libraries.

General Information: 
This survey aims to understand the usage of higher search activities in Digital Libraries (DLs).

Filling out the survey will take approximately 5 minutes.

What is the survey about?
If you choose to complete this survey, you will help us to identify possible requirements for supporting higher search
activities in retrieval sessions. Higher search activities are for example:

Reading or browsing a journal or conference proceedings central to one's topic of interest
Using citations to determine which other works have cited a certain document
Following footnotes or references to other related materials

I appreciate your participation very much, as you thereby support me in my Ph.D. thesis. Participation in this survey is
voluntary and you are free to withdraw or discontinue participation at any time. 

We will publish the results of this survey after thorough analysis. We do not collect any sensitive personal data and the
results will be anonymous. 

Click on "Continue" to begin the survey. 

Thank you very much for your interest and support. If you have any questions or comments, do not hesitate to email me
at: 

zeljko.carevic@gesis.org

22   Journal Run   Journal Run

Journal and Conference Proceedings 1 of 2

How useful are conference proceedings or journals as a source for relevant documents during your search
task?

Not at all
useful

Rather not
useful

Neither
useful nor
not useful

Rather
useful Very useful

How satisfied are you with the support of current Digital Libraries (e.g. ACM DL, Web of Science) in
browsing through conference proceedings or journals?

Not at all
satisfied

Rather
unsatisfied

Neither
satisfied nor
unsatisfied

Rather
satisfied

Very
satisfied

How important is the quality of a conference (ranking) or a journal (e.g. the impact factor) for your
confidence in the source?

Not at all
important

Rather
unimportant

Neither
unimportant
nor
important

Rather
important

Very
important

33   Journal Run 2   Journal Run 2
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Journal and Conference Proceedings 2 of 2

How often do you browse through conference proceedings or journals to find relevant documents?

Never Rarely Sometimes Often Very often

If you never or rarely browse through conference proceedings or journals, please explain why.

After finding a document (e.g. ACM DL, Web of Science) that is relevant for your current search task: How
often do you browse through the conference proceedings or the journal the document was published in?

Never Rarely Sometimes Often Very often

If you never or rarely browse through conference proceedings or journals starting from a relevant
document, please explain why.

44   Citations   Citations

Citations 1 of 2

How important is the number of citations a document has received to you?

Not at all
important

Rather
unimportant

Neither
important
nor
unimportant

Rather
important

Very
important

How would you rate the usefulness of citation rankings (e.g. h-index) where documents are ranked by the
number of received citations?

Not at all
useful

Rather not
useful

Neither
useful nor
not useful

Rather
useful Very useful

Assuming there is a key document in a particular field. How important is it to you to find central authors
citing that particular document?

Not at all
important

Rather
unimportant

Neither
important
nor
unimportant

Rather
important

Very
important

55   Citations 2   Citations 2

Citations 2 of 2

Starting from a relevant document: How often do you use references (see illustration) to find other relevant
documents for your search task?

Never Rarely Sometimes Often Very often
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If you never or rarely use references to find other relevant documents, please explain why.

Starting from a relevant document: How often do you use citations (see illustration) to find other relevant
documents for your search task?

Never Rarely Sometimes Often Very often

If you never or rarely use citations to find other relevant documents, please explain why.

66   Scenario 2   Scenario 2

Please consider the following situation: You are about to write an essay about 'Alcohol Consumption in Germany and its
Demographic Distribution'. You start your search by entering the search terms 'alcohol consumption germany'. You find a
relevant document (see illustration) that was published in a journal named 'Addiction'. After reading the document you
want to see more material from that particular journal.

 
How should documents from that journal be ranked in the result list? Please order the following options
from best to worst.

Please move all options from left to right. Please note that some options refer to the illustration.

 

By authors

By number of citations

By issue and date

By the entered query terms
(alcohol consumption

germany)
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77   Basic Stratagems   Basic Stratagems

Please consider the following scenario. You want to find out about the current state of the art in a particular field. You
have already found one document that is useful to your current work task.
Which of the following search activities do you perform to find other related materials?  Please order the
following options from best to worst.

Please move all options from left to right.

What other search activities do you perform to find relevant documents?

88   Personal Information   Personal Information

Thank you very much for completing the survey :-)

By title

By similarity to the current
document based on title
(Developments in alcohol

consumption..)

 

I use the keywords that
describe the current

document as search terms .

I browse a thesaurus to find
other classification terms

that are related to the
current document.

I inspect the list of
documents that cite the

current document.

I follow references
(footnotes) in the current

document.

I look through the journal/
conference proceedings the

current document was
published in.

I look for other papers the
author(s) has/have

published.
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Last but not least, please provide some (demographic) information 
(and, if you like, also some feedback on this survey).

Please specify your gender.

Male Female

Please specify your age.

Please specify your highest academic degree.

None
Bachelor Degree
Diploma
Master Degree
Ph.D.
Professor

Please specify the discipline you are working in.

Other
Arts and Literature
Astronomy / Astrophysics
Biological Sciences
Business Administration
Chemistry
Computer and Information Science
Earth Sciences
Economics
Education
Electrical and Electronic Engineering
Engineering
Environmental Sciences
Humanities
Law
Linguistics
Management Science
Materials
Mathematics
Medicine
Philosophy
Physics
Psychology
Social Sciences
Sports and Recreation

Do you work in academia or industry?

Academia Industry

Please specify your job title.

How often do you use Digital Libraries like ACM DL or Web of Science?

Very rarely Rarely Sometimes Often Very Often

How often do you use Google Scholar?

Very rarely Rarely Sometimes Often Very Often

How would you consider your experience in searching Digital Libraries?
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Experience in searching Digital Libraries

 

Do you have any comments or feedback about the survey?

What did you miss in this survey? What did you like in this survey? What did you not like in this survey?

If you are interested in the outcome of this survey, please leave your email address and we will send you
the results after thorough analysis and publication.

99   Endseite   Endseite

Thank you very much for completing this survey and for helping me with my Ph.D. thesis. It is very much appreciated. 
You can close the window now.

Best regards,
Zeljko Carevic
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